USOORE47463E
(19) United States
12y Reissued Patent (10) Patent Number: US RE47.463 E
Liu et al. 45) Date of Reissued Patent: Jun. 25, 2019
(54) SYSTEM AND METHOD FOR DYNAMIC (56) References Cited
CELL SELECTION AND RESOURCE |
MAPPING FOR COMP JOINT U.S. PATENT DOCUMENTS
TRANSMISSION
7,372,830 B2 5/2008 Jung et al.
(71) Applicant: Samsung Electronics Co., Ltd., 7,602,843 B2* 10/2009 _Cho et al. i 375/228
Suwon-si, Gyeonggi-do (KR) (Continued)
(72) Inventors: Lingjia Liu, Overland Park, KS (US); FOREIGN PATENT DOCUMENTS
Jianzhong Zhang, Plano, TX (US)
EP 1 916 778 A2 4/2008
KR 1020090013140 A 2/2009

(73) Assignee: Samsung Electronics Co., Ltd.,
Suwon-s1 (KR)
OTHER PUBLICATIONS
(21) Appl. No.: 14/260,029

Supplementary European Search Report dated Jul. 28, 2016 in

(22) Filed: Apr. 23, 2014 connection with the European Patent Application No. EP 10 75
Related U.S. Patent Documents 3692,
Reissue of: (Continued)
(64) Patent No.: 8,274,951
Issued: Sep. 25, 2012 Primary Examiner — Ovidio Escalante
Appl. No.: 12/716,144
Filed: Mar. 2, 2010 (57) ABSTRACT

U.S. Applications:

(60) Provisional application No. 61/210,291, filed on Mar A wireless communication system includes a number of base

17. 2009. stations capable of communicating with a plurality of sub-
scriber stations. The base station coordinates transmission of

(51) Int. CI. resource blocks with a transmission of resource blocks from
HO4AW 4/00 (2018.01) a second base station. The resource blocks include at least
HO4L 12/26 (2006.01) one reference signal (RS) patterns. In addition, base station
HO4L 5/00 (2006.01) punctures a plurality of resource elements 1n the resource

(52) U.S. CL blocks that might overlap with one of the CRS patterns 1n
CPC .......... HO4L 43/045 (2013.01); HO4L 5/0035 another resource block transmitted by the second base

(2013.01); HO4L 5/0048 (2013.01); HO4L station such that no data 1s transmitted in the plurality of
570073 (2013.01); HO4L 5/0094 (2013.01) punctured resource elements. The subscriber station receives

(58) Field of Classification Search the resource blocks from at least two base stations and can

CPC ....... HO4L 43/045; HO4L 5/00; HO4L 5/0048; avoid reading data from the resource elements that might
HO4L. 5/0073; HO4L 5/0094; HO4L overlap.

5/0035; HO4L 5/0091
(Continued) 17 Claims, 15 Drawing Sheets

<

CoMP MEASUREMENT
‘ CELL SET (CMCS) 145
CoMP REPORTING
7 CELL SET {CRCS) 150

’\

-
l.‘i

=

5

’\

“d

s
fs
s

.i
N
0,
"
/""
>

ACTIVE CoMF
SET 155

.‘
1

A
s
e
2

/.

/-

v!’a.
W%

e

7‘0

Pk
v

2

o
0
PN,
N
=

Z



US RE47,463 E

Page 2

(58) Field of Classification Search 2010/0177746 Al1* 7/2010 Gorokhov .............. HO04B 7/024
USPC e, 370/332, 349 ) | 370/336
See application file for complete search history. 2010/0290382 A1* 11/2010 Hur et al. ..o, 370/312
2011/0269449 Al1* 11/2011 Kazmi ................... HO04B 7/024
. 455/422.1
(56) References Cited 2011/0269459 ALl* 11/2011 KOO wovecovvveeevreren HO4W 24/10
- 455/434
U.s. PATENT DOCUMENTS 2012/0282966 Al* 11/2012 KoO ...covivinvinnnn.n, HO4L 1/0026
7.995.662 B2* 82011 Vannithamby ... 375/260 455/517

8,406,171 B2* 3/2013 Onggosanusi ......... HO04B 7/024

370/328 OTHER PUBLICATIONS

8,644,408 B2 * 2/2014 Gorokhov ............. HO4L. 1/0026
2007/0026810 Al*  2/2007 Tove et al 4 53 57/‘53{72?? LG Electronics, “CoMP Configurations and UE/eNB Behaviors in
2007/0248113 Al 10/2007 Ko et al. LTE-advanced,” Feb. 9-13, 2009, pp. 4, 3GPP TSG RAN WGl

2008/0316950 Al* 12/2008 Damnjanovic ....... HOAW 52/34  Meeting #56, Athens, Greece.
2010/0091897 Al*  4/9010 Gorokhov 10 4L3’17%85 (13 International Search Report dated Oct. 25, 2010 1n connection with
""""""""" 375/960 International Patent Application No. PCT/KR2010/001644.
2010/0103821 Al1* 4/2010 Palanki ............. HO04W 36/0055
370/241 * cited by examiner



U.S. Patent Jun. 25, 2019 Sheet 1 of 15 US RE47,463 E

100

101 130

"l-q-_____'-_l

FIG. 1A



U.S. Patent Jun. 25, 2019 Sheet 2 of 15 US RE47,463 E

© CoMP MEASUREMENT
Q CELL SET (CMCS) 145
‘. _ “____, CoMP REPORTING
.16’~ CELL SET (CRCS) 150

e N

SET 155




US RE47,463 L

| 1,................% . B -
097 AHOW3IN
5 F
—
= 072 ”
e Y
N
% | AINAWAD T4
p= 4] 1aNNvHD | | HITIOHLNOD
7 HAAIHOSNVAL MIAIIOSNVHL slg
. HMITIONLNOD
TANNYHD
N ~
= 062 GYE Gee m 672
\ N
= Jee | MITIONLNOD
—
= Ok ™ Nolivis asve
NDr I\err

v
NOILDOINNQOD
1NVHMOVY

U.S. Patent




U.S. Patent Jun. 25, 2019 Sheet 4 of 15 US RE47,463 E

110

RX PROCESSING
CIRCUITRY

TX PROCESSING
iMICRDPHONE—r CIRCUMRY
350
340
KEYPAD
MAIN
PROCESSOR |

é———»{_DISjLAY_I |

355

360

MEMORY

BASIC OPERATING | l

361 SYSTEM

362




US RE47,463 L

Sheet 5 of 15

Jun. 25, 2019

U.S. Patent

B

9 Ol

mow

1YWHO4 dHL 40O SA1dId HdHLO

/

/ IVWNHOS dH1L 40 SdT4

NS

/

009

NN
INVHD ONITNAIHDS I3HL 40 SQT131d ¥3H10 \/o \ mﬁﬂﬁ%%wﬂﬂ_mmo%mr%mu

4% 7% A%% OL¥y

|4 HAHLO

¢ T1d0 1 T30

v Old

80V

wllll\(.,sj

00

Z T1dD L T30 071130



US RE47,463 L

Sheet 6 of 15

Jun. 25, 2019

U.S. Patent

g Ol

(1LHOdTY 102 D1A0143AdY 39 NVYD)
14043y 10D HO4 SOHD 40 1359NS

@:‘J IN dWOD
L /

GCS

SANDIANOD ATIVOINVNAQ MHOMLAN

oLl o __{(180d3¥ 100 21A0Idad 39 NYD) P
AN AP0 SOND FUNDIANOD MHOMLIN AHOMLAN 505

1A

:

9Ll ~4 3N dwos SOWD FHNOIANOD MHOMLIN ~

AONINOI

AHOMLAN

OLL ~4 3N dNOD LH0dIY INIFNIHNSYIN MHOMLAN G0
; o -
GLG |

| A

. l_ AHOMLIN

iﬁ,\/ GOG

HAIL



UISI Pa en
tent Jun. 25, 2019 Sheet 7 of 15 US RE47.463 E
p

o —
m .
P‘ )
L
S \ =<
7 =z
o) = 0
S g
e
O L z S
N o O\ o= _m..l % I
- ~ Q e
o a8 e
) o => D1
1]
S ? -
2 Lhe
it -
<
% o < 2\ 7 O M~
~ o) Dl o | 2 5| GBS B S| w n
't st
M 0
o
N ke O o & % %%
- | © A N~
7 S 7 O
o E‘E a "
— - =
N @ oy t:)
~ k1= T
m— =Z =
O%J TIE®,
= O T < L
< W i) O
Q 1 X
(1) LLl
k=
OO
o — X <& 2
AN | =0 0
- a - — A |
2 AanaNaaTeN |
Ry W ﬁ " l E
v OIVENNANNSING | g
N . | ~
N~ I~ .
l T
NN EINNENN 2 .|
\\\g\\Q\\g\ 3 25 ]H
N k\% = 05
B 5 o
3 TIL]E B8 =
AEEN 2 23 |
T []8 &g |
< I illkrranasw © 1
NN EE= NN BT
R HEHHEEE slsisiulz] | 25
SOOI O - ll
“""'.' ‘}“'1 v o LW, Y
I e S B S A o= =
&lgwwmaﬁﬁymﬁﬁﬁﬁﬁﬁm%ﬁ gﬁg -
' o !.** o3 r,twno ‘H H *""llﬂli-o'ﬁﬁ*ﬁ 7T iy QO
o @&éifmqugﬁﬁﬁﬁ' aﬁﬁﬁﬁi!ﬁ%ﬁﬁﬁ@ﬁfﬂ 14 |
SN s Wl X
 XEXX X AR #Qtifg " % %
) QR /RGNS E-\. g NS
Y [~
P

ANCHOR
CELL
CELLID=0|



U.S. Patent

3832

801

QV

-

N\

80
828

824

N
C\I

| 1
)
o

825

Jun. 25, 2019 Sheet 8 of 15

T - —

3

N
__________ T
ANEMNZZINENNEA
EREEEEEENE

AZZAMEIMMTZANMEN

SEunmmmsee
catnotnazol

TTTTTTT TT"'I"T"*"" 1""‘1""""* W W A I NS
,;&:#“i' 'i*#‘#h*##’i RN h’f*&'h CXIHIHEIR XIHKKS

OFDM SYMBOLS

715

511

¢ & AN
Gi}téﬂttﬂiii #fib##* X KU #*b *Hb#t-l b#f
S SRR
T*T‘:Ii ‘l'f "'li}'l" L L L }T’T " ‘F*T*‘F }"P_"ﬂ" T‘ WL L F‘v" T"‘f‘
P #Q#### #####0########0## *. P
4‘#‘11#‘#‘!%’; iib '}0’01}"04%#4}*01} * ¢ 1&#

Pt
e i a) :..L:.s :.4»_ .ﬁir.t.qr_ta;.*..;q +‘!:ﬁ i!é‘.‘fo; >f+f%
A NS RS CRHARKAKS
R R XXM | X A KA }++ va 4 4
"**abﬁmﬁﬁtﬁﬁk o¥en b % gj % v

o

9.9 3 X X1 XX X }s‘i‘ﬁ ".u..‘h"ﬂ i'!‘." *’{

CELL

OTHER
CELLID = 1

_.|

RESOURCE ELEMENTS THAT CoMP UE

Nl
&\ﬁ\&g\\h§\r

HEEE
&%ﬁ%%&@&ﬁ&&f

OFDM SYMBOLS ———

RN
%\&\\9\\%&\w
i HE R G

N A '" T . » "' wr g N iy A% WL W AW LW LW "
l#*#*b‘, TR wr 1;., *4»‘ +*¢"=-> KRR i‘f‘i}##il@ﬁ#‘,
NN "'ﬁ*d“i*ﬁ’# e ’%""‘ “’# &'%‘f’éh 4-*#‘ '%‘#‘# 4
;&:&: t} : :J. : ’ * .‘:.f ’-ﬂ:ﬁ"{h "J. ,A{ hﬂ’.ﬂ.’.ﬁi’.& .l.:-l. }ﬁ .l _.ﬁ ’A:A:ﬁ.{
T‘l“‘i#*"'f‘) ???????? ‘} ’.‘}”{h‘"’ *1" *‘F "F’ "‘F'{
3400 o0 *I g%t ﬁ*I% KERRAXRAKS o030 KX 5 JXKK
#‘:‘: };*;*A ﬁ*‘*ﬂ-‘};: 1::*#* ﬁ’i’d} *‘ :*n.’d ”..*:’.".ﬁé‘..." 4 -I-.I.:l..".l. }.-:.'#*.-. .l.".i.’.l.‘
r + XRKY 7 AXK égi; #, N ¢*¢¢ R :;,4» +,, N\
*#*0 5 5= AERAXK DO TR
SR~ BN ..m.. SOEEEET / AXKEEANN ¢

52

H?

US RE47,463 L

RESOURCE ELEMENTS
FOR CoMP PDSCH

FIG. 8

DO NOT EXPECT CoMP PDSCH

810

RESOURCE ELEMENTS FOR
CoMP CONTROL REGION

[0 —ro RIY —r

805



U.S. Patent

902

901

900

\ F

Jun. 25, 2019

Sheet 9 of 15

924

89 |515
56 514

53[s13

RESQURCE ELEMENTS
FOR CoMP PDSCH

5121516
511
5100
i
50

922 goqg

OTHER
GELL
CELLID

921

715

RN Eﬁ \
HEN

IIIII
VNIRRT
HEEEERREEN

II%MMM%E

924

HRINEZNERN
HiEEHEEEEEE

5 A R XA A XXX AN SER RN
tzoﬁ b?# t;ﬁ ?ﬁ r;m r}: r:¢: lr:lr: q;ﬁ
XA X XL AR AR AT RXAT XA KN
t‘#‘-’- OO K IR r"ﬁ o0 %% e

)
N
®);
N

Y OO~ XXIXN 2 DO
B R PN AR

UTHER

el
P
XN
L

CELLID

921

..

OFDM SYMBOLS

N
|3 %)

0'# YOI
S0
AR

e loteli ek

.0
MQ*H
t#ﬁh. t#ﬁ Yy _

DO NOT EXPECT CoMP PDSCH

RESOURCE ELEMENTS THAT CoMP UE

710

T

i § =

\ﬂl@i
HEEEE

I\El%il%ﬁl\ﬂ
HEEE
O ot Rk
¢£%Ql\ﬂl\al&ﬂ

i e K R e R R

EEREE

Hﬂ- 0"4‘&"4» KON }'ﬁ'it't“ir

1,-.

et X ] X #..s

s
[ L X
A7 T

‘.’ ' *'
- ﬁﬁ

<
v
&
:a

Em
e
%

Yode

0:..4
‘

q

L
‘
|

=
1l

CELL ID

—
LL}
3

ANCHOR

qX2 XK K KLHX
p%alelistokadeotel RO 03
TR X [ X RIARRLAAL -t»: }‘q.‘li oA AT Ta T TeT A% &

I A S S

XA
i’hﬂ f' 3 L*

l <

CoMP CONTROL REGION

FDM SYMBOLS

-

E RESOURCE ELEMENTS FOR

20°

W LWL L

US RE47,463 L

FIG. 9

0] —Ro Ry —Ri



U.S. Patent

1003

1002

1022 10213

1022 1023

1024

1021

1024

1021

f“

1 024

Jun. 25, 2019

ﬁlﬂ\lb%lﬂ\ S
EREREEEEEE

JeliNel ek
NEE NN

E \

N
EEEEE Illl
L XAXA "’#rt "i 11" o T T A P
BRI RS SS
H XKD & du e <H¢H~
o rff Yol ‘.‘.’é-’w.u#!’ CHXIAXILHK *i’w m..s
ﬁ»}t 4H’aﬁ fﬂ" r:n X g
"1’1‘ ;‘ﬂ .h..'ﬁ .h’a ' "ﬁ tﬁ. {'.L'.'Ji.

" [l

L) — T e

= Eo

< S

NN
T
T

NRBENZENSEN
HEREERER
!-!...!., .,
;ﬁ\"ﬁ“&ﬁ@ﬂﬁ&
.Eﬁﬁ.ﬁﬁllll

e ﬂﬁ t"# ﬂ X ﬂ‘it O] t‘ﬂ "‘i'i
"1»" et tfu otelist ‘,'.it‘! & t’fu o #31 TN li"&"
O X . w}"-'t W, XX &"i XN X 1‘»"44 t"i‘"

p't?i#'-t q b’

XK r} 2% ol ke ;gc;;t % %% Rede t&%ﬁ: e 1:..3
! w+ Qb# X lv XX X,
0202 %% Nm %% % rft..it!#ﬁ; n-tffﬁ v
i el A
% — T3 o
— R
D D

OFDM SYMBOLS

ZRR
N T
| ,

HEN
e CaEaans
insd

INEEREN
N N &

Ilﬂl-
HEEN

NWHZNIR
ENEEEREE

Ly |

NE RN

NEN
W EZ RN
-1 i R e

m m
XX #i XX K G KK
“r..a&q?g ::Q:O*t:f X ;u" ﬂt!’dﬁg:@ﬁt;ﬁ
AN SRR XXX
t"’ ’4‘!‘1&“*’- Voot 0 %o %% r..sﬁm.s el etk
’ _ﬂ"' oy u‘-' agp 1 @, ﬂ (XX s»"’t"‘ ™
t...t.s lr.. t.:m...t.s Py ..m ) m
| il
245
LA 11
=~ o

)
o
-
ol
=
>
Vs
=
[
LL.
-

Sheet 10 of 15

n
I_...
= I
o
'
o
s
) O©
C__EO
e
go
LULI_
x
L
b "
»
L
L}
=)
0.
T
=0
3 @B
'
-
e
ID..
- 2
"3
= |-
TIH,
ELLI
i £
I 0]
—
Lo
(Y =
20O
*
wD
T
a
>’
<
-
-
0
O Z
- O
O
= L
-~ X
2_!
Q
i
n G
L0
D:'CJ
= 0.
7+
HE®,
'
B S
)
-
A

US RE47,463 L

FIG. 10

1] —ro Ry —R



US RE47,463 L

LL Ol — RN 08— o]

GLLL OLLL GOLL

SLNWI 13 JoHN0SdY | 31 dNCD LVHL SINIATT3 304N 0S3 HOd SINIWATT J0HN0S I

STOEWAS NQ40

l&..nm
m
0
HE

| [sis]es
SN R

65
0zs]2)S .%1 | {esfusiesiiss
AN L2 L1 ) AN LZLL

WV HAL AN eCll 2711 o A AT
£0bl 00LL

HOSOd dNOD H04 HOSUd dW0D LO3dX3 LON Od & NOIDFY T0HLNOID dINCD

| STOGNAS NaH0 ——)

S
SIS
P1S] €3
() NS red ]
G151 G3
915185
) NJE

r

£18]88
+ BE
\ (18
6ls[L1S

5
|

;4-..,
N
2%
i

o
."
o2

O]
o

QX
O
SOX
K
"

Sheet 11 of 15

\J
I @)%

QLKA KK

r..+;¢r$¢;t
LN

2020%e
X

2eliek

N

| .=

B
A=
1133
dOHONY

ﬁ"ﬁ
el
YN
;m
WO
e

o

R
Yo

[

_b

F

L&
b

f.i:l
[ 0 |
N ™
?*:#
.4
el

o
°
"%
& (
—
il
L

)
X
N

NN
&
XX
ST
NN
o @

v -,
(M)
ST
v
NS
Lyn
i
o
=

d
XL,

P
-~
&)

A
0
o

._"r.

it

Y N

u

A
)
o
-é
o

e

<

X
’
b

"
.
;¢
%
:0
%
%

&b
e
A

(X

—
b
e
e
%%

4
{
1

il
ol
ol

[/
o
s
D
"

P A

ok

X

oo
ll!ll‘ |
BECHEEE

0%
oY
X
ol
O
o

Jun. 25, 2019

Y
%
»

X
<

U.S. Patent



US RE47,463 L

\r, ¢ L4dIHS
- AONDNOIYd «—GiL2dl
S J4 191850 d
-
y—
E
=
7>
L 14IHS

AONANOIYEd «—(0L21
o A1dISSOd
y—
—
-
W
g |
=
= 0=d] 1135
—

1140 JOHONY

U.S. Patent



U.S. Patent Jun. 25, 2019 Sheet 13 of 15 US RE47,463 E

BIT FIELDS N THE DL GRANT: 0:0 BIT FIELDS IN THE DL GRANT. 1.0

NI 1.@ I . o | )
iotdr*#’dm | s12s1h
DX rur J s . q |
ok ¥ R r&?. 511

e $rd4 d
ﬂz.ﬁp..lﬂ-ﬂ-lﬁ_ s10 1

BN 9515
KRR of |17 | | 53
ANCHOR 2 ‘;;;hjﬁ NG ST ANCHOR T T 1o
CEE{LD Rl | | T e BRIl
Jﬁ&:ﬂ 40 1 0 41,0 \
SRS 3 51 EEEEEE st |
SRR 501613 HE 2
= ENENVEREN AR s BN N ||
———— OFDM SYMBOLS ———| ) OFDM SYMBOLS —————]
BIT FIELDS IN THE DL GRANT: 0:1 BIT FIELDS IN THE DL GRANT: 1:1
ek ] | A1 L [ ¥
SeReRelsst] HEN f _,
SRS, R 0
ﬁﬁﬁg% l% S _
PR 851l | 8
S !ﬁ‘:éé*:lal!ﬂ- il ST 0
RGO CELL
ﬁ%mﬁ@m/ll% 7w d I
- E:?:i?ﬁ:f'ﬁlll-.l 0 S | j
f«iﬁf’% I"’ , 1 5& 1 | 0
L o+
ﬁ;,g’:.g*;q./-/ Z R X
el | | B 2
ﬂﬁf«'?«é (N il | f AN N oL
o OFDM SYMBOLS —————] e OFDM SYMBOLS >
o
ELEMENTS FHAT CoMP e RESOURCE
FOR CoMP DO NOT ELEMENTS FOR
CONTROL CoMP PDSCH
S GION EXPECT
1310 CoMP PDSCH 1315

V] —ro NIy —r

FIG. 13



US RE47,463 L

A% — T ] SLldIHS

7, Oy g ‘ Oy tﬁ * _ ADNINDIANS

_Mh\ - | i - - I191SSOd

! 7 T | T Vv 1LAIHS
o] | L L LB T [ o

| "/ | | I R S A791SSOd

\r,

Y

-~

-

M _I — . v e 1LdIHS

= Oy Uy AIDNIND IS
2 % | | ) /] 1 3791SSOd
P,

Oy | Uy 71 AODNINOIHS
= . 77 _ 3191SS0d
~
gl
" I_| N = T ] | LAIHS
! | 0y Oy AONINO TS
m i . . | LLA _. A1dISSCd
=

0 0=l 1130
| \m 1130 HOHONY

4! o s

AONINODIHS

U.S. Patent



U.S. Patent

1501

v

BIT FIELDS IN THE DL GRANT: 11000
1524

1500

e

10101

T

1624

BIT FIELDS IN THE DL GRAN

Jun. 25, 2019

HEEEN
Sk
MW

ENNREE

Sheet 15 of 15

T

ANE
EEENNR

SENNENENE
1T
-

w w wolr~]|w
CI3Y — | ~— ]
h\\& NN w | @]
= S22 B]%
AKX XD IO W
INRAARAE

e
*
5%
X
.
o
L

H. 000 9.0.90.9.9.

RRIILRIARRARE
20 e e S R e e
AU AR N X IR ADC
e e 0 % %0 e % e NN N

F AW Y A TN,

XRARRIILLARRARKK
RIS SIIRIRRS %

5
'v‘

ol

»

&

ANCHOR

l&ﬁ& N
B

CELL
CELL ID

=
s
s[5 )5

WAL Y VT a WL LW o
S
NS 0o
IR ADIRIK IR KKK X
AR
WLEL 00000 40.0.40.0.0.0.4.

RIXR KRS I HIRRA
XIS -o#ﬁg

OFDM SYMBOLS

s1 1513

:":-
ol
o

N
Yo

L

X

b

;1-
»
D
.

b

2SS

el

e
1%

W
y
'O;.}:
X

o

R

Pele

*e:

ol
. A

"
*
%
T
*
X
g
2
o
e
P

=0

T
ENENEN
B\ R\
AN

3

SECES

HNER
§=§l§ﬁ

-
BENSNEN
HEELEE

3
o
e

il

Ve¥e% %%

L RIR AR

e e AN
}fH}#h}?M}#MFQM%
e N s et St

ANCHOR

7S
S PAAR A IS QAP XX ) 7 )
S S SR KK KIS

®
0 e et e 0 0 0,0 0, 00 )
o SRR R AR LRI

CELL
CELLID=0

OFDM SYMBOLS

MRNEN
EEEEE

A XKD KKK KK
R IAKLIKLKS

XKD IO XCKEX ORI oK KK
R
+ 0.¢ P QA AKX ALK K

SN

™ ..n;-.,l!
T

WK LARLLRAZOAQOC
2050205262 20 % 2 %t %%, f:::q.
A, ..l.*
W N N L T L W W LWL N LWL WL W L iy
SIS ELRLSAAINN N N
Lo e 0% %6 5% % 0% % %%
IR IR AR

*:

ol

., A

US RE47,463 L

RESOURCE ELEMENTS
FOR CoMP PDSCH

\Lﬂ
-—
10
-
L
=
%":
O
5’1:0
'
'-ED'
Iﬂ.
2
Do
Z
0 Ty
= Ll
TIRS> \
15
LUIU—J .
L
QO O
0 < m—
2O
0@3;3 LL.
i1}
0
-
wv—
Te'
-
o
O =
- O
U3 (D
Em
A
g....}
@
W 7
R
O
v
— L e
2z &
L O |
N
NN




US RE47,463 E

1

SYSTEM AND METHOD FOR DYNAMIC
CELL SELECTION AND RESOURCE
MAPPING FOR COMP JOINT
TRANSMISSION

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATION(S) AND CLAIM OF PRIORITY

The present application is [related to] an application for
reissue of U.S. Pat. No. 8,274,951 issued Sep. 25, 2012 on
U.S. Non-Provisional patent application Ser. No. 12/716,
144 filed Mar. 2, 2010, and claims the priority to and the
benefit under 35 U.S.C. § 119(e) of the filing date of U.S.
Provisional Patent Application No. 61/210,291, filed Mar.
17, 2009, entitled “DYNAMIC CELL SELECTION FOR
CoMP REPORTING SET AND TRANSPARENT
RESOURCE MAPPING FOR CoMP JP”. [Provisional Pat-
ent Application No. 61/210,291 1s assigned to the assignee
of the present application and] The content of the above-
identified patent documents 1s hereby incorporated by rei-
erence 1nto the present application as 11 fully set forth herein.

[The present application hereby claims priority under 35
U.S.C.§119(e) to U.S. Provisional Patent Application No.
61/210,291.]

TECHNICAL FIELD OF THE INVENTION

The present application relates generally to wireless com-
munications and, more specifically, to dynamic cell selection
and resource mapping i1n wireless communications net-
works.

BACKGROUND OF THE INVENTION

In a wireless communications network, multiple cells or
base stations (also referred to as “eNBs™) use frequency
bands and standardized codebooks for precoding transmis-
sion to their respective user equipments (UEs), using mul-
tiple transmit antennas. A typical problem of this procedure
occurs where several cells or base stations are serving their
intended UEs while interfering with each other’s signal. This
scenar1o 1s called “inter-cell interierence.” Inter-cell inter-
ference constrains the throughput of the wireless network.

SUMMARY OF THE INVENTION

A base station capable of communicating with a plurality
of subscriber stations 1s provided. The base station includes
a plurality of antenna configured to transmit data and control
information and a transmitter coupled to the plurality of
antenna. The transmitter 1s configured to transmit a plurality
of symbols 1n a sub-frame to a subscriber station. The base
station also includes a controller configured to include a
bitmap 1n a downlink control information (DCI). The bitmap
1s configured to inform the subscriber station regarding a
subset of cells within a CoMP measurement set for channel
quality information reporting.

A subscriber station capable of communicating with a
plurality of base stations 1s provided. The subscriber station
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includes a plurality of antenna configured to receive data and
control information and a recerver coupled to the plurality of
antenna. The receiver 1s configured to receive a plurality of
symbols 1n a sub-frame from a base station. The subscriber
station also includes a controller configured to interpret a
bitmap 1n a downlink control information (DCI). The bitmap
1s configured to identily a subset of cells within a CoMP
measurement set for channel quality information reporting.

A method for communicating with a plurality of sub-
scriber stations 1s provided. The method includes transmit-
ting, to a subscriber station, a plurality of symbols 1n a
sub-frame and including a bitmap 1n a downlink control
information (DCI). The bitmap 1s configured to inform the
subscriber station regarding a subset of cells within a CoMP
measurement set for channel quality information reporting.

A base station capable of communicating with a plurality
of subscriber stations 1s provided. The base station 1includes
a plurality of antenna configured to transmait data and control
information. The base station also includes a transmitter
coupled to the plurality of antenna. The transmitter is
configured to transmit a first resource block to a subscriber
station. The base station further includes a controller con-
figured to coordinate transmission of the first resource block
with a transmission of at least one additional resource block
that 1s transmitted from at least one additional base station
to the subscriber station. The transmissions of the first and
at least one additional resource blocks are coordinated such
that the subscriber station receives single resource block that
comprises at least one of the first and the at least one
additional resource block. The first and at least one addi-
tional resource blocks include at least one reference signal
(RS) pattern. The controller 1s configured to puncture a
plurality of resource elements 1n the first resource block that
might overlap with one of the RS patterns in one or more of
the additional resource block(s) such that no data 1s trans-
mitted i the plurality of punctured resource elements.

A subscriber station capable of communicating with a
plurality of base stations 1s provided. The subscriber station
includes a plurality of antenna configured to receive data and
control information and a recerver coupled to the plurality of
antenna. The receirver 1s configured to receive a single
resource block. The single resource block includes at least
one of: a first resource block received from a first base
station; and at least one additional resource block received
from at least one additional base station. The first and at least
one additional resource blocks include at least one reference
signal (RS) pattern. The receiver 1s configured to not expect
data 1n a plurality of punctured resource elements in the first
resource block that might overlap with one of the at least one
RS pattern in one or more of the at least one additional
resource block.

A method for communicating with a plurality of sub-
scriber stations 1s provided. The method includes transmit-
ting a first resource block to a subscriber station and coor-
dinating the transmission of the first resource block with a
transmission of at least one additional resource block from
at least one additional base station to the subscriber station
such that the subscriber station receives single resource
block that includes at least one of the first and the at least one
additional resource block. The first and at least one addi-
tional resource blocks comprise at least one reference signal
(RS) patterns. The method also includes puncturing a plu-
rality of resource elements 1n the first resource block that
might overlap with one of the at least one RS patterns 1n the
at least one additional resource block such that no data 1s
transmitted in the plurality of resource elements 1n the first
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resource block that might overlap with one of the at least one
RS patterns in the at least one additional resource block.

Before undertaking the DETAILED DESCRIPTION OF
THE INVENTION below, 1t may be advantageous to set

torth definitions of certain words and phrases used through-
out this patent document: the terms “include” and “com-
prise,” as well as dertvatives thereof, mean inclusion without
limitation; the term “or,” 1s 1nclusive, meaning and/or; the
phrases “associated with” and “associated therewith,” as
well as deritvatives thereof, may mean to include, be
included within, interconnect with, contain, be contained
within, connect to or with, couple to or with, be communi-
cable with, cooperate with, interleave, juxtapose, be proxi-
mate to, be bound to or with, have, have a property of, or the
like; and the term “controller” means any device, system or
part thereof that controls at least one operation, such a
device may be implemented 1n hardware, firmware or soit-
ware, or some combination of at least two of the same. It
should be noted that the functionality associated with any
particular controller may be centralized or distributed,
whether locally or remotely. Definitions for certain words
and phrases are provided throughout this patent document,
those of ordinary skill in the art should understand that in
many, 11 not most 1stances, such defimitions apply to prior,

as well as future uses of such defined words and phrases.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure¢ and 1ts advantages, reference 1s now made to the
tollowing description taken in conjunction with the accom-
panying drawings, in which like reference numerals repre-
sent like parts:

FIG. 1A illustrates exemplary wireless network 100 that
1s capable of decoding data streams according to an exem-
plary embodiment of the disclosure;

FIG. 1B 1illustrates a joint transmission in a wireless
network according embodiments of the present disclosure;

FIG. 1C 1llustrates CMCS, CRCS and Active CoMP Sets
according to embodiments of the present disclosure;

FIG. 2 1llustrates exemplary base station 1n greater detail
according to embodiments of the present disclosure;

FIG. 3 illustrates an exemplary wireless mobile station
according to embodiments of the present disclosure;

FIGS. 4 and 6 illustrate an uplink scheduling grant for
CoMP transmissions according to embodiments of the pres-
ent disclosure:

FIG. 5 1llustrates a process for network configuration of
CoMP sets according to embodiments of the present disclo-
SUre;

FIGS. 7 through 11 illustrate CoMP PDSCH resource
mapping according to embodiments of the present disclo-
SUre;

FIGS. 12 and 14 illustrate frequency shifts for CRS
according to embodiments of the present disclosure; and

FIGS. 13 and 15 1llustrate a resource element mapping of
CoMP PDSCH based on overlapping patterns according to
embodiments of the present disclosure.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

FIGS. 1 through 135, discussed below, and the various
embodiments used to describe the principles of the present
disclosure 1n this patent document are by way of 1llustration
only and should not be construed 1n any way to limit the
scope of the disclosure. Those skilled 1n the art will under-
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stand that the principles of the present disclosure may be
implemented 1n any suitably arranged wireless communica-
tion system.

With regard to the following description, 1t 1s noted that
the LTE term “node B” 1s another term for “base station™
used below. Further, the term “cell” 1s a logic concept that
can represent a “base station” or a “sector” belongs to a
“base station”. In the present disclosure, “cell” and “base
station” are used interchangeably to indicate the actual
transmission units (may be “sector” or “base station” and the
like) 1n the wireless system. Also, the LTE term “user
equipment” or “UE" 1s another term for “subscriber station™
used below.

With regard to the following description, 1t 1s noted that
the discussion 1s focused on reference signals (RS) including
common reference signals (CRS), channel state information
reference signals (CSI-RS), and the like. The collision
between CRS and PDSCH discussed 1n the document 1s for
illustration purpose, however, the collision between refer-
ence signal resource elements and PDSCH resource ele-
ments will occur for any type of reference signals.

FIG. 1A illustrates exemplary wireless network 100 that
1s capable of decoding data streams according to one
embodiment of the present disclosure. In the 1llustrated
embodiment, wireless network 100 includes base station
(BS) 101, base station (BS) 102, and base station (BS) 103.
Base station 101 communicates with base station 102 and
base station 103. Base station 101 also communicates with
Internet protocol (IP) network 130, such as the Internet, a
proprietary IP network, or other data network.

Base station 102 provides wireless broadband access to
network 130, via base station 101, to a first plurality of
subscriber stations within coverage area 120 of base station
102. The first plurality of subscriber stations includes sub-
scriber station (SS) 111, subscriber station (S5) 112, sub-
scriber station (SS) 113, subscriber station (SS) 114, sub-
scriber station (SS) 115 and subscriber station (SS) 116.
Subscriber station (S5) may be any wireless communication
device, such as, but not limited to, a mobile phone, mobile
PDA and any mobile station (IMS). In an exemplary embodi-
ment, SS 111 may be located 1n a small business (SB), SS
112 may be located 1n an enterprise (E), SS 113 may be

located 1 a WiF1 hotspot (HS), SS 114 may be located 1n a
residence, SS 115 may be a mobile (M) device, and SS 116
may be a mobile (M) device.

Base station 103 provides wireless broadband access to
network 130, via base station 101, to a second plurality of
subscriber stations within coverage area 125 of base station
103. The second plurality of subscriber stations includes
subscriber station 115 and subscriber station 116. In alter-
nate embodiments, base stations 102 and 103 may be
connected directly to the Internet or other controller unit by
means of a wired broadband connection, such as an optical
fiber, DSL, cable or T1/E1 line, rather than indirectly
through base station 101.

In other embodiments, base station 101 may be 1n com-
munication with either fewer or more base stations. Further-
more, while only six subscriber stations are shown 1n FIG.
1A, 1t 1s understood that wireless network 100 may provide
wireless broadband access to more than six subscriber
stations. It 1s noted that subscriber station 115 and subscriber
station 116 are on the edge of both coverage area 120 and
coverage areca 125. Subscriber station 115 and subscriber
station 116 each communicate with both base station 102
and base station 103 and may be said to be cell-edge devices
interfering with each other. For example, the communica-
tions between BS 102 and SS 116 may be interfering with
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the communications between BS 103 and SS 115. Addition-
ally, the communications between BS 103 and SS 115 may
be interfering with the communications between BS 102 and
SS 116.

In an exemplary embodiment, base stations 101-103 may
communicate with each other and with subscriber stations
111-116 using an IEEE-802.16 wireless metropolitan area
network standard, such as, for example, an IEEE-802.16¢
standard. In another embodiment, however, a different wire-
less protocol may be employed, such as, for example, a
HIPERMAN wireless metropolitan area network standard.
Base station 101 may communicate through direct line-oi-
sight or non-line-of-sight with base station 102 and base
station 103, depending on the technology used for the
wireless backhaul. Base station 102 and base station 103
may each communicate through non-line-of-sight with sub-
scriber stations 111-116 using OFDM and/or OFDMA tech-
niques.

Base station 102 may provide a T1 level service to
subscriber station 112 associated with the enterprise and a
fractional T1 level service to subscriber station 111 associ-
ated with the small business. Base station 102 may provide
wireless backhaul for subscriber station 113 associated with
the WiF1 hotspot, which may be located in an airport, cafe,
hotel, or college campus. Base station 102 may provide
digital subscriber line (DSL) level service to subscriber
stations 114, 115 and 116.

Subscriber stations 111-116 may use the broadband access
to network 130 to access voice, data, video, video telecon-
terencing, and/or other broadband services. In an exemplary
embodiment, one or more of subscriber stations 111-116
may be associated with an access point (AP) of a Wiki
WLAN. Subscriber station 116 may be any of a number of
mobile devices, mcluding a wireless-enabled laptop com-
puter, personal data assistant, notebook, handheld device, or
other wireless-enabled device. Subscriber station 114 may
be, for example, a wireless-enabled personal computer, a
laptop computer, a gateway, or another device.

Dotted lines show the approximate extents ol coverage
arcas 120 and 125, which are shown as approximately
circular for the purposes of 1llustration and explanation only.
It should be clearly understood that the coverage areas
associated with base stations, for example, coverage areas
120 and 125, may have other shapes, including irregular
shapes, depending upon the configuration of the base sta-
tions and variations in the radio environment associated with
natural and man-made obstructions.

Also, the coverage areas associated with base stations are
not constant over time and may be dynamic (expanding or
contracting or changing shape) based on changing transmis-
sion power levels of the base station and/or the subscriber
stations, weather conditions, and other {factors. In an
embodiment, the radius of the coverage areas of the base
stations, for example, coverage areas 120 and 125 of base
stations 102 and 103, may extend in the range from less than
2 kilometers to about fifty kilometers from the base stations.

As 1s well known 1n the art, a base station, such as base
station 101, 102, or 103, may employ directional antennas to
support a plurality of sectors within the coverage area. In
FIG. 1, base stations 102 and 103 are depicted approxi-
mately 1n the center of coverage areas 120 and 125, respec-
tively. In other embodiments, the use of directional antennas
may locate the base station near the edge of the coverage
area, for example, at the point of a cone-shaped or pear-
shaped coverage area.

The connection to network 130 from base station 101 may
comprise a broadband connection, for example, a fiber optic
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line, to servers located 1n a central oflice or another operating
company point-of-presence. The servers may provide com-
munication to an Internet gateway for internet protocol-
based communications and to a public switched telephone
network gateway for voice-based communications. In the
case of voice-based communications in the form of voice-
over-IP (VoIP), the tratlic may be forwarded directly to the
Internet gateway instead of the PSTN gateway. The servers,
Internet gateway, and public switched telephone network
gateway are not shown i1n FIG. 1A. In another embodiment,
the connection to network 130 may be provided by diflerent
network nodes and equipment.

In accordance with an embodiment of the present disclo-
sure, one or more of base stations 101-103 and/or one or
more of subscriber stations 111-116 comprises a receiver
that 1s operable to decode a plurality of data streams received
as a combined data stream from a plurality of transmuit
antennas using an MMSE-SIC algorithm. As described 1n
more detail below, the receiver i1s operable to determine a
decoding order for the data streams based on a decoding
prediction metric for each data stream that i1s calculated
based on a strength-related characteristic of the data stream.
Thus, 1n general, the recerver 1s able to decode the strongest
data stream first, followed by the next strongest data stream,
and so on. As a result, the decoding performance of the
receiver 1s improved as compared to a receiver that decodes
streams 1n a random or pre-determined order without being,
as complex as a receiver that searches all possible decoding
orders to find the optimum order.

FIG. 1B illustrates a joint transmission 1 a wireless
network 100 according embodiments of the present disclo-
sure. Base station (BS) 102 (e.g., “Cell 17) and BS 103 (e.g.,
“Cell 27) are performing a coordinated multipoint (CoMP)
transmission to the subscriber station (S5) 116, that 1s,
communications to and from SS 116 are conducted through
BS 102 and BS 103. H,, corresponds to the wireless channel
from “Cell 1” to SS 116. Accordingly, H,, 135 corresponds
to the wireless channel from BS 102 to SS 116; and H,, 140
corresponds to the wireless channel from BS 103 to SS 116.
When 1n the joint processing mode, BS 102 and BS 103
jomtly process SS 116°s imnformation together. BS 102 and
BS 103 send SS 116°s information over the air to SS 116
substantially simultaneously through the wireless channels.
By doing this, the interference 1s greatly reduced while the
received power (sum from the two cells BS 102 and BS 103)
1s greatly improved. Illustration of two cells, BS 102 and BS
103 i1s for example purposes only and other embodiments
including more than two cells could be used without depart-
ing from the scope of this disclosure.

CoMP transmission can be classified into two categories:
coordinated scheduling and/or beam-forming, and CoMP
joint transmission. In coordinated scheduling and/or beam-
forming, data to SS 116 1s transmitted from BS 102 while the
scheduling decisions are coordinated to control the interfer-
ence generated 1n a set of coordinated cells. In other words,
the data intended for SS 116 1s not shared while some
information related to the channels and the controls are
shared among diflerent cells. The signals received from
other cells or base stations are treated as inter-cell interfer-
ence and are avoided in the spatial, frequency or time
domain. Alternatively, 1n the class of joint processing and
joint transmission, data to SS 116 1s substantially simulta-
neously transmitted from multiple transmission points to
improve the received signal quality and/or cancel activity
interference for other subscriber stations. Data intended for
a particular SS 116 1s shared among diflerent cells, such as
between BS 102 and BS 103, and is jomntly processed at
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these cells. As a result of this joint processing, the received
signals at SS 116 will be coherently or non-coherently added
up together. The signals received from other cells or base
stations are treated as useful signals that contribute to a
much higher received SNR at SS 116. Within this mode of

operation, the two classes of transmission schemes are:
CoMP SU-MIMO and CoMP For CoMP SU-MIMO, the
CoMP joint transmission can increase both the average cell
throughput together with the cell-edge user throughput.

SS 116 can receive signals H;, 135 from BS 102 and
signals H,, 140 from BS 103 respectively. SS 116 superim-
poses the signals with each other instead of treating one of
the signals as interfering. For example, BS 102 includes a
number, N, of transmit antenna. Additionally, SS 116
includes a number, N, of receive antennas. The received
signal at SS 116 can be represented by Equation 1:

Y1:H11W1X1+H2 1W2X1+N1 [Eqﬂ 1]

In Equation 1, H,, 135 and H,, 140 represent the respec-
tive channel gains from BS 102 and BS 103 to SS 116.
Additionally, Y, 1s the N,x1 vector of received signal at SS
116, X, 1s the intended message for SS 116, w, 1s the N, xv
precoding vector of transmitted signal at BS 102, and N, 1s
the No.x1 AWGN noise vector. Further, v 1s the number of
transmission layers of signal X, .

FIG. 1C 1llustrates CMCS, CRCS and Active CoMP Sets
according to embodiments of the present disclosure. The
embodiment shown 1n FIG. 1C 1s for 1llustration only. Other
embodiments could be used without departing from the
scope of this disclosure.

In order to perform the CoMP joint processing operation,
the network decides which set of cells will be transmitting
to a particular CoMP UE (e.g., CoMP subscriber station) and
what the related channel mformation 1s. In some embodi-
ments, there exist several CoMP sets. The network first
configures a set of cells (“CoMP measurement cell set
(CMCS)”) to be measured by CoMP subscriber stations. The
CMCS 145 1s a set of cells monitored, measured, and
reported by the CoMP UE. The CMCS 145 1s configured
semi-statically and can be completely determined by the
network or be determined by the network with the assistant
from CoMP UEs. Based on the measurements on the
“CMCS” 143, the network will then configure another set of
cells (“CoMP reporting cell set (CRCS) 1507) to be the set
of cells that CoMP UEs should report the information related
to channel knowledge (channel coeflicients, precoding
matrix indices, channel quality indices and so forth). This
CRCS 150 can be configured by the network with the
assistance of the CoMP UEs. In some embodiments, to
enable this procedure SS 116 can feedback a received SINR
or an 1ndication of preference. After obtaining the channel
related information, the network decides the “Active CoMP
set” 155 (the set of cells which send CoMP PDSCH to the
CoMP UE) and pertorms the CoMP joint processing. That 1s,
the network determines which set of cells, referred to as the
Active CoMP set 155, will transmit to the CoMP UE.

The configuration of the CRCS 150 can be semi-statistic
and subscriber station-specific. The configuration of the
CRCS 150 and can be mmportant for the uplink overhead
since the UL channel quality reporting of SS 116, when a
CoMP subscriber station, 1s tied to this set. In some embodi-
ments, the reporting within the CRCS 150 1s dynamic. Since
the CRCS 150 can be relatively large, such as three (3) cells
or more, 1if SS 116 reports channel related information for all
the cells within the CRCS 150 all the time, the overhead can
be very large. Furthermore, since demodulation of CoMP

PDSCH will be based on DRS, R1-091066, “Way forward
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on downlink reference signals for LTE-A”, the contents of
which hereby are incorporated by reference, the network can
be free to decide the active CoMP set 155. Theretfore, 11 the
network decides to use fewer transmission points within the
CRCS 150, the network only needs to know channel related
information for a subset of the CRCS 150. The dynamic
channel feedback reporting will then significantly reduce the
teedback overhead.

In CoMP joint processing, a collision between CoMP
PDSCH and reference signals (RS) including common ret-
erence signals (CRS) from different cells may occur. This
problem can occur where cell-specific frequency/time shifts
are used for the reference signals 1n the cells mnvolved in the
jomt transmission and, at the same time, the PDSCH map-
ping 1s assumed to be the same 1n all the cells. In general,
this 1ssue exists for non-CoMP subscriber stations when
their PDSCH collides with reference signals from other
cells. However, CoMP subscriber stations can be more
susceptible to this type of PDSCH-to-RS interference

because the PDSCH received 1s assumed to be coherently
combined over the air.

The demodulation of CoMP PDSCH can be based on
DRS to enable transparent transmission between SS 116 and
the active CoMP set. That 1s, SS 116, as a CoMP subscriber
station, should not be aware of the active CoMP set.

FIG. 2 illustrates an exemplary base station 1n greater
detail according to one embodiment of the present disclo-
sure. The embodiment of base station 102 illustrated 1n FIG.
2 1s for 1illustration only. Other embodiments of the base
station 102 could be used without departing from the scope
of this disclosure.

Base station 102 comprises base station controller (BSC)
210 and base transceiver subsystem (BTS) 220. A base
station controller 1s a device that manages wireless commu-
nications resources, icluding the base transceiver subsys-
tems, for specified cells within a wireless communications
network. A base transceiver subsystem comprises the RF
transceivers, antennas, and other electrical equipment
located 1n each cell site. This equipment may include air
conditioning units, heating units, electrical supplies, tele-
phone line interfaces and RF transmitters and RF receivers.
For the purpose of simplicity and clarity in explaining the
operation of the present disclosure, the base transceiver
subsystems 1n each of cells 121, 122 and 123 and the base
station controller associated with each base transceiver
subsystem are collectively represented by BS 101, BS 102
and BS 103, respectively.

BSC 210 manages the resources in cell site 121, including,
BTS 220. BTS 220 comprises BTS controller 225, channel
controller 235, transcerver interface (IF) 245, RF transceiver
umt 250, and antenna array 255. Channel controller 235
comprises a plurality of channel elements, including exem-
plary channel element 240. BTS 220 also comprises a
memory 260. The embodiment memory 260 included within
BTS 220 1s for i1llustration only. Memory 260 can be located
in other portions of BS 102 without departing from the scope
of this disclosure.

BTS controller 225 comprises processing circuitry and
memory capable of executing an operating program that
communicates with BSC 210 and controls the overall opera-
tion of BTS 220. Under normal conditions, BTS controller
225 directs the operation of channel controller 235, which
contains a number of channel elements, including channel
clement 240, that perform bi-directional communications 1n
the forward channels and the reverse channels. A forward
channel refers to a channel in which signals are transmaitted
from the base station to the mobile station (also referred to
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as DOWNLINK communications). A reverse channel refers
to a channel 1n which signals are transmitted from the mobile
station to the base station (also referred to as UPLINK
communications). In an advantageous embodiment of the
present disclosure, the channel elements communicate
according to an OFDMA protocol with the mobile stations
in cell 120. Transceiver IF 245 transfers the bi-directional
channel signals between channel controller 240 and RF
transcerver unit 250. The embodiment of RF transceiver unit
250 as a single device 1s for 1llustration only. RF transceiver
unit 250 can separate transmitter and receiver devices with-
out departing from the scope of this disclosure.

Antenna array 255 transmits forward channel signals
received from RF transcerver umt 250 to mobile stations in
the coverage area of BS 102. Antenna array 255 also sends
to transceiver 250 reverse channel signals received from
mobile stations i1n the coverage area of BS 102. In some
embodiments of the present disclosure, antenna array 235 1s
a multi-sector antenna, such as a three-sector antenna in
which each antenna sector 1s responsible for transmitting
and receiving 1 a 120° arc of coverage area. Additionally,
RF transceiver 250 may contain an antenna selection unit to
select among diflerent antennas 1n antenna array 255 during
transmit and receive operations.

According to some embodiments of the present disclo-
sure, BTS controller 225 1s operable to execute programs,
such as an operating system (OS) and processes for CoMP
reporting and transparent resource mapping, stored in a
memory 260. Memory 260 can be any computer readable
medium, for example, the memory 260 can be any elec-
tronic, magnetic, electromagnetic, optical, electro-optical,
clectro-mechanical, and/or other physical device that can
contain, store, communicate, propagate, or transmit a coms-
puter program, software, firmware, or data for use by the
microprocessor or other computer-related system or method.
Memory 260 comprises a random access memory (RAM)
and another part of memory 260 comprises a Flash memory,
which acts as a read-only memory (ROM).

BSC 210 1s operable to maintain communications
between BS 102 and BS 101 and BS 103. BS 102 commu-
nicates to BS 101 and BS 103 via the wireless connection
131. In some embodiments, the wireless connection 131 1s
wire-line connection.

FIG. 3 illustrates an exemplary wireless subscriber station
according to embodiments of the present disclosure. The
embodiment of wireless subscriber station 116 1llustrated 1n
FIG. 3 1s for illustration only. Other embodiments of the
wireless subscriber station 116 could be used without depart-
ing from the scope of this disclosure.

Wireless subscriber station 116 comprises antenna 303,
radio frequency (RF) transceiver 310, transmit (TX) pro-
cessing circuitry 315, microphone 320, and receive (RX)
processing circuitry 325. SS 116 also comprises speaker
330, main processor 340, mput/output (I/O) mtertace (IF)
345, keypad 350, display 355, and memory 360. Memory
360 further comprises basic operating system (OS) program
361 and applications for CoMP reporting and transparent
resource mapping 362.

Radio frequency (RF) transceiver 310 receives Ifrom
antenna 305 an mcoming RF signal transmitted by a base
station of wireless network 100. Radio frequency (RF)
transceiver 310 down-converts the imncoming RF signal to
produce an intermediate frequency (IF) or a baseband si1gnal.
The IF or baseband signal 1s sent to receiver (RX) processing
circuitry 325 that produces a processed baseband signal by
filtering, decoding, and/or digitizing the baseband or IF
signal. Receiver (RX) processing circuitry 325 transmits the
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processed baseband signal to speaker 330 (1.e., voice data)
or to main processor 340 for further processing (e.g., web
browsing).

Transmitter (1X) processing circuitry 315 receives analog,
or digital voice data from microphone 320 or other outgoing
baseband data (e.g., web data, e-mail, interactive video game
data) from main processor 340. Transmitter (1X) processing
circuitry 315 encodes, multiplexes, and/or digitizes the
outgoing baseband data to produce a processed baseband or
IF signal. Radio frequency (RF) transceiver 310 recerves the
outgoing processed baseband or IF signal from transmitter
(TX) processing circuitry 315. Radio frequency (RF) trans-
ceiver 310 up-converts the baseband or IF signal to a radio
frequency (RF) signal that 1s transmitted via antenna 305.

In some embodiments of the present disclosure, main
processor 340 1s a microprocessor or microcontroller.
Memory 360 1s coupled to main processor 340. According to
some embodiments of the present disclosure, part of
memory 360 comprises a random access memory (RAM)
and another part of memory 360 comprises a Flash memory,
which acts as a read-only memory (ROM).

Main processor 340 executes basic operating system (OS)
program 361 stored i memory 360 1n order to control the
overall operation of wireless subscriber station 116. In one
such operation, main processor 340 controls the reception of
forward channel signals and the transmission of reverse
channel signals by radio frequency (RF) transceiver 310,
receiver (RX) processing circuitry 325, and transmitter (TX)
processing circuitry 315, in accordance with well-known
principles.

Main processor 340 1s capable of executing other pro-
cesses and programs resident in memory 360. Main proces-
sor 340 can move data into or out of memory 360, as
required by an executing process. In some embodiments, the
main processor 340 1s configured execute programs, such as
OS 361 and processes for CoMP reporting and transparent
resource mapping 362. The main processor 340 can execute
the CoMP reporting and transparent resource mapping 362
based on OS program 361 or in response to a signal recerved
from BS 102. Main processor 340 1s also coupled to 1/0
interface 343. I/O interface 345 provides subscriber station
116 with the ability to connect to other devices such as
laptop computers and handheld computers. I/O interface 345
1s the communication path between these accessories and
main controller 340.

Main processor 340 1s also coupled to keypad 350 and
display unit 355. The operator of subscriber station 116 uses
keypad 350 to enter data into subscriber station 116. Display
355 may be a liquid crystal display capable of rendering text
and/or at least limited graphics from web sites. Alternate
embodiments may use other types of displays.

In some embodiments, the network first configures, via
higher layer signaling, a set of cells, 1.e., the CMCS 1435, to
be measured by CoMP UEs, 1.e., SS 116. After obtaining a
teedback from SS 116, the network semi-statistically con-
figures, via higher layer signaling, a second set of cells, 1.e.,
the CRCS 150, to be the set of cells to which SS 116 reports
information related to the channel.

FIG. 4 illustrates an uplink scheduling grant for CoMP
transmissions according to embodiments of the present
disclosure. The embodiment of the scheduling grant 400
shown 1n FIG. 4 1s for illustration only. Other embodiments
could be used without departing from the scope of this
disclosure.

In some embodiments, the network dynamically assigns
channel information related reports, such as a channel qual-

ity index (CQI) report, within the CRCS 150. Additionally,
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the reporting set, CRCS 150, may not be used since the
measurement set, CMCS 145, can be used to serve as the
reporting set (that 1s, the measurement set and the reporting
set can be merged into the measurement set). The uplink
scheduling grant 400 includes a bitmap 408 included in a
new downlink control information (DCI) format. The bits
410, 412, 414 indicate the cells to be reported by SS 116 on
the channel related information through the CQI report. The
cell IDs of these cells are available at SS 116. For example,
the first bit 410 corresponds to BS 102, the second bit 412
corresponds to BS 103 and the third bit 414 corresponds to
BS 101. The default ordering of the cells within the CRCS
150 can be 1n increasing order of the cell IDs or in decreas-
ing order of the cell IDs. For each bit 410, 412, 414, *“0” can
indicate that the corresponding cell, such as BS 102, is
needed for channel information related feedback report,
such as the CQI report and vice versa.

For example, using the uplink scheduling grant 400 with
the new DCI format shown in FIG. 4, 1t 1s indicated to SS
116 that SS 116 needs to feedback channel related informa-
tion concerning BS 102 (Cell 0) and BS 101 (Cell 2) during
the CQI report process. The ordering of the cells in the
bitmap 408 can be in the increasing order of the cell IDs,
decreasing order or any other predetermined order. In the
bitmap 408 all the cells or base stations within the CRCS
150 will be 1indicated by the bitmap 408. The overall process
can be 1llustrated with respect to FIG. 5.

FIG. 5 illustrates a process for network configuration of
CoMP sets according to embodiments of the present disclo-
sure. The embodiment shown in FIG. 5 1s for illustration
only. Other embodiments could be used without departing
from the scope of this disclosure.

The network 505 configures 510 the CMCS 145 for SS
116 via higher layer signaling. The network 505 can con-
figure 510 the CMCS 145 to SS 116 through a radio resource
control (RRC) configuration. Then, SS 116 knows which
cells are included 1n the CMCS 145. Thereafter, SS 116
transmits a measurement report 315 regarding each of the
cells included 1 the CMCS 145. The network 505 config-
ures 520 the CRCS 150. The CRCS 150 can be configured
as a periodic CQI. The network 505 then configures 525 a
subset of the CRCS 1350 to be the set of cells regarding which
SS 116 should report the information related to channel
knowledge. The subset of the CRCS 150 can be an aperiodic
CQI report. Accordingly, SS 116 can down-select, from the
CMCS 145 and CRCS 150, the cells under review. For
example, SS 116 can perform aperiodic CQI reporting of the
subset of the cells mncluded in the CRCS 150.

FIG. 6 illustrates another uplink scheduling grant for
CoMP transmissions according to embodiments of the pres-
ent disclosure. The embodiment of the scheduling grant 600
shown 1n FIG. 6 1s for 1llustration only. Other embodiments
could be used without departing from the scope of this
disclosure.

In some embodiments, the bitmap 608 only indicates the
cells or base stations, other than the anchor cell, within the
CRCS. In this setup, SS 116 always reports channel related
information concerning BS 102 (the anchor cell) during the
CQI report process. For example, when BS 102 (Cell 0) 1s
the anchor cell, only two (2) bits of the bitmap 608 are
needed to indicate the other cells, BS 101 and BS 103,
within the CoMP set. The mapping can be in increasing
order of the cell ID, in decreasing order of the cell ID or
another predetermined order as configured by higher layer.
For example, SS 116 can include a bitmap table, such as
Table 1 below, stored 1n memory 360. SS 116 can interpret
the bitmap 608 according to Table 1.
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TABLE 1

Bitmap of Cell Selection for COQI reporting

Reporting Cells of the CQI

Bit in the field Report Process

00 Cell O

01 Cell O and Cell 2

1 0] Cell O and Cell 1

1 1] Cell O, Cell 1, and Cell 2

For example, when the bitmap 1s “1 07, SS 116 reports
channel related information for BS 102 (the anchor cell, cell

0) and BS 103 (cell 1).

In some embodiments, the PDSCH 1s transmitted only 1n
the resource elements that will not overlap with any of the
possible reference signals, such as one or more CRSs. In this
way, the PDSCH transmission of CoMP joint processing can
be transparent in the sense that the SS 116 does not need to
know the actual “active CoMP set”. SS 116 may not expect
to recerve a CoMP PDSCH from the resource elements that
have the possibility of colliding with CRS from other cells.

FIG. 7 1illustrates CoMP PDSCH resource mapping
according to embodiments of the present disclosure. The
embodiment of the CoMP PDSCH resource maps 700, 701
shown 1 FIG. 7 1s for illustration only. Other embodiments
could be used without departing from the scope of this
disclosure.

For example, for the case where four CRSs are configured
for each cell within the active CoMP set 155, the control
region 705 for the CoMP joint processing 1s sent 1n the first
three OFDM symbols 721, 722, 723 while the CoMP
PDSCH region starts from the fourth OFDM symbol 724 1n
one subiframe. The CoMP PDSCH Mapping includes a
CoMP PDSCH Map 700 for BS 102 (the anchor cell, 1.e.,
cell 0) and a CoMP PDSCH Map 701 for BS 103 (cell 1).
In each CoMP PDSCH resource map 700, 701, R denotes a
downlink reference signal such that R, R, R, and R, are the
common reference symbols. It will be understood that R 1s
not limited to a common reference signal and that R can
refer to any reference signal without departing from the
scope ol this disclosure. The shaded resource elements
(REs) 710 are the REs where a CRS-PDSCH collision can
occur. Therefore, the shaded REs 710 are punctured and,

thus, not used for transmitting CoMP PDSCH (data) 715. As

such, SS 116 1s not expecting to receive data from the second
722, fifth 725, eighth 728, ninth 729 and twelith 732 OFDM
symbols 1n a normal CP subiframe. When an RE 1s punc-
tured, such as by the BS, no data or reference symbol 1s
transmitted in that RE. Puncturing the shaded REs 710
enables a reference symbol, such as the CRS, to be received
stronger than if data 715 1s transmitted in the shaded REs
710.

In another example, illustrated 1n FIG. 8, two CRSs, R,

and R, are configured for each cell within the active CoMP
set 155. In the CoMP PDSCH resource map 800 for BS 102

(the anchor cell, cell 0) and the CoMP PDSCH resource amp
801 for BS 103 (cell 1), the CoMP PDSCH region starts
from the fourth OFDM symbols 824 1n one subirame. The
shaded resource elements (REs) 810 are the REs where a
CRS-PDSCH collision can occur. Accordingly, the shaded
REs 810 are punctured such that SS 116 1s not expecting to
receive data 8135 from the fifth 825, eighth 828 and twelith
832 OFDM symbols.

In some embodiments, the CoMP PDSCH resource map-
ping 1s performed according to the cell-specific shifts of the

cell IDs of the CRCS. As shown 1 FIG. 1C, 85116 (1.e., the
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CoMP UE) will be required to report channel related infor-
mation to the cells 1 the CRCS 150 during the CQI report
process; therefore, the Cell IDs of the cells within CRCS 150
will be available at the CoMP UEs, such as SS 116. Under
this situation, SS 116 does not expect to receive data from
resource elements that will overlap with any of the possible
CRSs within the CRCS 150.

In 3GPP TS36.211. v8.5.0. “EUTRA.: Physical Channels
and Modulation”, the contents of which are incorporated by
reference, the cell-specific frequency shift 1s given by

cell
V-Sh-iﬁ — N]JD de6

Assume the cell 1Ds of the cells in the CRCS are

cell cell
N.’Dl g N,’DZ

and

cell
N.’DE’J ?

the set of possible cell-specific frequency shift can be
illustrated by Equation 2:

|[Eqn. 2]

Ve = {vi, i = 1, 2, 3|v; = NS4 mod6).

Then, SS 116 does not expect to receive CoMP PDSCH from

the positions of the CRS resource elements of the described
frequency shiits.

FIG. 9 illustrates CoMP PDSCH Resource Mapping
Based on CRCSI1 according to embodiments of the present
disclosure. For example, 1f the CRCS1 includes three cells,
in which the cells IDs are ‘0’ for BS 102, ‘2’ for BS 101 and
‘6’ for another BS. Then the CoMP PDSCH resource map-
ping can be as shown in FIG. 9 for the case of two CRSs, R,
and R,, configuration. The CoMP PDSCH Mapping
includes a CoMP PDSCH Map 900 for BS 102 (the anchor
cell, 1.e., cell 0), a CoMP PDSCH Map 901 for BS 103 (cell
1), and a CoMP PDSCH Map 902 for the cell 6 BS. In each
of the CoMP PDSCH Maps 900, 901, 902, the control region
905 for the CoMP joint processing 1s sent in the first three
OFDM symbols 921, 922, and 923 while the CoMP PDSCH
region starts from the fourth OFDM symbol 924. The shaded
resource elements (REs) 910 are the REs 1n which a CRS-
PDSCH collision can occur. Therefore the shaded REs 910
are punctured and are the REs m which SS 116 does not
expect to receive data 915.

FIG. 10 1illustrates another example of CoMP PDSCH
resource mapping according to this disclosure. In FIG. 10, a
CRCS2 15 utilized for the case of two CRSs, R, and R,
configuration. The CRCS2 includes three cells in which the
cells IDs are ‘0’ for BS 102, 2’ for BS 101 and ‘6’ for
another BS. The CoMP PDSCH Mapping includes a CoMP
PDSCH Map 1000 for BS 102 (the anchor cell, 1.¢., cell 0),
a CoMP PDSCH Map 1002 for BS 101 (cell 2), and a CoMP
PDSCH Map 1003 for the cell 6 BS. In each of the CoMP
PDSCH Maps 1000, 1002, 1003, the control region 1005 for
the CoMP joint processing 1s sent 1n the first three OFDM
symbols 1021, 1022, and 1023 while the CoMP PDSCH

10

15

20

25

30

35

40

45

50

55

60

65

14

region starts from the fourth OFDM symbol 1024. The
shaded resource elements (REs) 1010 are the REs 1n which
a CRS-PDSCH collision can occur. Therefore the shaded

REs 1010 that are punctured and are the REs 1n which SS
116 does not expect to receive data 1015.

FIG. 11 illustrates another example of CoMP PDSCH
resource mapping according to this disclosure. In FIG. 11, a
CRCS3 15 utilized for the case of two CRSs, R, and R,
configuration. The CRCS3 includes three cells in which the
cells IDs are ‘0’ for BS 102, ‘6’ for another BS and ‘12’ for
yet another BS. The CoMP PDSCH Mapping includes a
CoMP PDSCH Map 1100 for BS 102 (the anchor cell, 1.e.,
cell 0), a CoMP PDSCH Map 1103 for cell 6 BS, and a
CoMP PDSCH Map 1104 for the cell 12 BS. In each of the
CoMP PDSCH Maps 1100, 1102, 1103, the control region
1105 for the CoMP joint processing 1s sent in the first three
OFDM symbols 1121, 1122, and 1123 while the CoMP
PDSCH region starts from the fourth OFDM symbol 1124.
In CRCS3, no RFs exist in which a CRS-PDSCH collision
can occur since the CRSs, R, and R, are transmitted in the
same REs (also referred to as CSREs).

The resource elements mapping for CoMP PDSCH 1llus-
trated 1in FIGS. 7 through 11 are transparent schemes where
SS 116 does not need to recerve additional information
regarding the CoMP PDSCH resource mapping 1n the down-
link grant. However, 1n some embodiments an indication 1s
included 1n the downlink grant (such as in possible new DCI
formats) to indicate the possible CRS-PDSCH overlapping
pattern of the active CoMP set; and SS 116 can expect to
avold performing demodulation on those overlapped
resource elements.

FIG. 12 illustrates frequency shifts for CRS according to
embodiments of the present disclosure. The embodiment of
the frequency shifts shown 1 FIG. 12 1s for 1llustration only.
Other embodiments could be used without departing from
the scope of this disclosure.

The CoMP UE, such as SS 116, can receive an explicit
indication regarding which RE’s to avoid. The indicator,
included in the downlink grant, can indicate the possible
CRS-PDSCH overlapping patterns and, as such, expressly
indicate which REs to avoid.

For example, for the two CRS and four CRS configura-
tions, for each OFDM symbol containing a CRS, only two
other cell-specific frequency shiits can exist in that symbol.
BS 102 (e.g., the anchor cell) transmits the CRS, R, and R,
in a symbol 1205 as shown. The CRS, R, and R,, are
transmitted by BS 103 in the symbol 1205 using the next
corresponding frequency, shift 1 1210. That 1s, BS 103
shifts the frequency for the CRS by one frequency unit in the
resource map from the anchor cell, BS 102. The CRS, R, and
R, are transmitted by BS 101 in the symbol 1205 using the
next corresponding frequency, shiit_2 1215, That 1s, BS 103
shifts the frequency for the CRS by two from the anchor cell,
BS 102.

Therefore, from the active CoMP set 155, four possible
CRS-PDSCH overlapping patterns exist: none of the other
frequency shiits, possible frequency shift 1 1210, possible
frequency shift 2 1215, and both of the other possible
frequency shifts. Two bits can be used to indicate the
overlapping pattern in the downlink grant. SS 116 can store

a possible bitmap that can be summarized according to Table
2.
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TABLE 2

Bitmap of CRS Possible Positions for 2 CRS and 4
CRS Configuration

Bit in the field CRS Position

Only anchor cell

Anchor Cell, and Possible
frequency shift 2

Anchor Cell and Possible
frequency shift 1

Anchor Cell, Possible frequency
shift 1 and Pmsmble frequency
shift 2

In Table 2, the possible frequency shift_1 1210 can be

defined as the smallest frequency shift value other than
anchor cell frequency shift and possible frequency shift_2
1215 can be defined as the other frequency shift value and
vice versa. After recerving the downlink grant, SS 116 can
expect to recerve CoMP PDSCH, that 1s, data 1315, from the
PDSCH resource elements region, except for the REs 1310
indicated from the bitmap. For example, assume the cell ID
of the anchor cell, BS 102 1s °0,” the expected RE mapping
of CoMP PDSCH can be 111ustrated in FIG. 13 for the case
where the CoMP PDSCH region starts from the fourth
OFDM symbol 1305.

For the case where only one CRS 1s configured at each
cell, five other possible frequency shifts exist. Therefore five
bits are used to indicate the possible CRS-PDSCH overlap-
ping patterns as illustrated in FIG. 14.

The bitmap can be formed the same way as the two CRS
and four CRS cases, while the ordering of the other possible
frequency shifts can be 1n the increasing order or decreasing
order of mod 6, other than the anchor cell. In this case, the
i bit in the bit field indicates whether the possible frequency
shift ‘1’ 1s on or not (‘1 stands for on and ‘0’ stands for ofl,
and vice versa). For example, a ‘1” in the i bit in the bitmap
indicates that the SS 116 will not expect to receive CoMP
PDSCH (e.g., data) from resource element (k, L) as shown
in Equation 3:

k=6m+(v+v, .+1)mod6

|Eqn. 3]

[,=0, NPt 3

svmb

m=0,1,... ,2-NB& 1.

The wvariables v and Vanis define the position in the
frequency domain for the diflerent reference signals where
v 1s given by Equation 4:

it L=0

0 [Eqn. 4]
|1 ifL£0

The cell-specific frequency shift 1s given by

Vshift = NfEH mod6
where
I
Nip

1s the anchor cell ID.
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FIG. 15 illustrates a resource element mapping of CoMP
PDSCH based on overlapping patterns according to embodi-
ments of the present disclosure. The embodiment shown in
FIG. 15 1s for illustration only. Other embodiments could be
used without departing from the scope of this disclosure.

For example, when the cell ID of BS 102, e.g., the anchor
cell, 1s ‘0,” the expected RE mapping of CoMP PDSCH can
be as illustrated 1n FIG. 15. In the CoMP PDSCH resource
map 1500 for BS 102 (the anchor cell, cell 0) and the CoMP
PDSCH resource amp 1501 for BS 103 (cell 1), the CoMP
PDSCH region starts from the fourth OFDM symbols 1524
in one subirame. Further, the bitmap in the DL grant for
CoMP PDSCH resource map 1500 1s “1 O 1 0 17 and the
bitmap for CoMP PDSCH resource map 1501 1s“11000.”
The shaded resource elements (REs) 1510 are the REs where
a CRS-PDSCH collision can occur. Accordingly, the shaded
REs 1510 are punctured such that SS 116 1s not expecting to
receive data 1515 1n the shaded REs 1510.

In some embodiments, the CRS-PDSCH overlapping
pattern 1s configured semi-statistically. The bitmap of the
overlapping pattern can be sent to SS 116 through higher
layer signaling semi-statistically. Once SS 116 receives the
indication, SS 116 will assume certain type of CoMP
PDSCH resource mapping for the downlink transmission.

Although the present disclosure has been described with
an exemplary embodiment, various changes and modifica-
tions may be suggested to one skilled 1n the art. It 1s intended
that the present disclosure encompass such changes and
modifications as fall within the scope of the appended
claims.

What 1s claimed 1s:

1. For use 1n a wireless communication network, a base
station capable of communicating with a plurality of sub-
scriber stations, the base station comprising;:

a plurality of antennas configured to transmit data and

control information;

a transmitter coupled to the plurality of antenna, wherein
the transmitter 1s configured to transmit a plurality of
symbols 1n a sub-frame to a subscriber station; and

a controller configured to include a bitmap 1n a downlink
control information (DCI), wherein the bitmap 1s con-
figured to inform the subscriber station regarding a
subset of cells [within], from among a coordinated
multipoint (CoMP) measurement set of cells, to be
measured for channel quality information reporting.

2. The base station as set forth in claim 1, wherein the
bitmap comprises a plurality of bits that correspond to
respective cells of the CoMP measurement set.

3. The base station as set forth in claim 2, wherein the
subset of cells within the CoMP measurement set includes
an anchor cell serving the subscriber station and wherein the
plurality of bits comprises at least two bits configured to
identify cells within the subset of cells within the CoMP
measurement set other than the anchor cell.

4. For use 1n a wireless communication network, a sub-
scriber station capable of communicating with a plurality of
base stations, the subscriber station comprising:

a plurality of antennas configured to recerve data and

control information;

a recerver coupled to the plurality of antenna, wherein the
receiver 1s configured to receive a plurality of symbols
from a Physical Downlink Control Channel (PDCCH)
in a subframe from a base station; and

a controller configured to interpret a bitmap in a downlink
control information (DCI), wherein the bitmap 1s con-
figured to identify a subset of cells [within], from
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among a coordinated multipoint (CoMP) measurement
set of cells, to be measured 1or channel quality infor-
mation reporting.

5. The subscriber station as set forth in claim 4, wherein
the bitmap comprises a plurality of bits that correspond to
respective cells of the CoMP measurement set.

6. The subscriber station as set forth in claim 5, wherein
the subset of cells within the CoMP measurement set
includes an anchor cell serving the subscriber station and
wherein the plurality of bits comprises at least two bits
configured to identify cells within the subset of cells within
the CoMP measurement set other than the anchor cell.

7. For use 1n a wireless communication network, a method
for communicating with a plurality of subscriber stations,
the method comprising;

transmitting, to a subscriber station, a plurality of symbols

in a sub-frame; and

including a bitmap 1 a downlink control information

(DCI), the bitmap configured to inform the subscriber
station regarding a subset of cells [within], from among
a coordinated multipoint (CoMP) measurement set of
cells, to be measured Tor channel quality information
reporting.

8. The method as set forth 1n claim 7, wherein the bitmap
comprises a plurality of bits that correspond to respective
cells of the CoMP measurement set.

9. The method as set forth 1n claim 8, wherein the subset
of cells within the CoMP measurement set includes an
anchor cell serving the subscriber station and wherein the
plurality of bits comprises at least two bits configured to
identily cells within the subset of cells within the CoMP
measurement set other than the anchor cell.

10. A method, comprising:

receiving higher laver signaling that provides a set o

frequency shifts for reference signals (RS), and

a downlink control information (DCI) format that

includes a field indicating a frequency shift from the set

of frequency shifts and scheduling reception of a physi-
cal downlink shared channel (PDSCH) over a set of

resource elements (RESs),
wherein the set of REs within which the PDSCH is

scheduled for reception excludes REs corresponding to

REs of the RS for the indicated frequency shift; and
extracting data from the PDSCH.
11. The method of claim 10, wherein the frequency shift
corresponds to the respective RS.
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12. A method, comprising:

transmitting higher layer signaling that provides a set of
frequency shifts for reference signals (RS), and

a downlink control information (DCI) format that
includes a field indicating a frequency shift from the set
of frequency shifts and scheduling reception of a physi-
cal downlink shared channel (PDSCH) over a set of
resource elements (REs),

wherein the set of REs within which the PDSCH is

scheduled for reception excludes REs covresponding to

REs of the RS for the indicated frequency shift; and

transmitting data in the PDSCH.

13. The method of claim 12, wherein the frequency shift

corresponds to the respective RS.

14. A base station, comprising.

a controller: and

a transmitter communicably coupled to the controller, the
transmitter configured to transmit higher layer signal-
ing that provides a set of frequency shifts for rveference
signals (RS), and

a downlink control information (DCI) format that
includes a field indicating a frequency shift from the set
of frequency shifts and scheduling reception of a physi-
cal downlink shared channel (PDSCH) over a set of
resource elements (REs),

wherein the set of REs within which the PDSCH is
scheduled for veception excludes RE's corresponding to
REs of the RS for the indicated frequency shift, and

data in the PDSCH.

15. The base station of claim 14, wherein the frequency
shift corresponds to the respective RS.
16. A user equipment, comprising:
a receiver configured to receive
higher layer signaling that provides a set of frequency
shifts for veference signals (RS), and
a downlink control information (DCI) including a field
indicating a frequency shift from the set of frequency
shifts and scheduling reception of a physical down-

link shared channel (PDSCH) over a set of resource
elements (REs),
wherein the set of REs within which the PDSCH is
scheduled for reception excludes REs corresponding
to RE's of the RS for the indicated frequency shift;
and
a controller configured to extract data from the PDSCH.
17. The user equipment of claim 16, wherein the frequency
shift corresponds to the respective RS.
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