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1 Introduction
In 3GPP RAN#47 the multi-user MIMO (MU-MIMO) work item was agreed [1]. The co-scheduled UEs are allocated the same channelization codes and different midamble shifts. However, according to the current specification, the midamble shift is signalled by the higher layer signalling or derived from the allocated channelization codes. In order to the allocated the same channelization codes and different midamble shifts by the Node B, it is necessary to modify the control channel structure. It was agreed in [2] that the special default midamble allocation scheme needs to be extended to 4 patterns to support 4-user MU-MIMO. It is feasible to signal the special midamble pattern to allocate different midamble shifts to the co-scheduled UEs. This document will propose our design of E-AGCH and HS-SCCH for supporting 4-users MU-MIMO.
2 Control channel design for MU-MIMO
2.1       HS-SCCH channel
It has been agreed that MU-MIMO cannot be used with SPS scheme or SU-MIMO scheme in one TTI for one UE. Thus, we only need to modify HS-SCCH type4 and type8 to indicate the time slots, channelisation codes, and midamble shift of the space-division users.

2.1.1  HS-SCCH type4

HS-SCCH shall be of type 4 when any of the following conditions is met:

· the UE is configured in MIMO mode, and the variable MIMO SF mode for HS-PDSCH dual stream is SF1.

· the MU-MIMO indicator is configured and the UE is configured in MIMO mode with the variable MIMO SF mode for HS-PDSCH dual stream is SF1.

· the MU-MIMO indicator is configured and the UE is not configured in MIMO mode
The following information is transmitted by means of the HS-SCCH type 4 physical channels.
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The reserved bit is modified to Flag bit to support MU-MIMO, indicated by xflag,1.
· When the Flag bit xflag,1=’0’, the MU-MIMO is not used. 

· Otherwise when the Flag bit xflag,1=’1’, MU-MIMO is used.
When the flag xflag,1=’1’, 

· the bits xccs,1, xccs,2  are used for identifying the number of space-division users and pattern in the midamble table. The mapping in Table1 below applies. 
· The bits xccs,3, xccs,4, xccs,5, xccs,6 are used for identifying the user’s code channel allocation information. The granularity of code channel allocation is four channels with SF16. If a value of kstart = 13 and kstop = 4 is signalled, a spreading factor of SF=1 shall be used for the HS-PDSCH resources. Other than this case, kstart > kstop are not used. The mapping in Table2 below applies.
Table1: Special default midamble pattern mapping
	The space-division user’s number
	Special default Midamble pattern Table
	xccs,1
	xccs,2

	1
	pattern 1A
	0
	0

	2
	pattern 1B
	0
	1

	3
	pattern 2A
	1
	0

	4
	pattern 2B
	1
	1


Table2: Channelisation code set information mapping
	kstart
	xccs,3
	xccs,4
	kstop
	xccs,5
	xccs,6

	1
	0
	0
	4
	0
	0

	5
	0
	1
	8
	0
	1

	9
	1
	0
	12
	1
	0

	13
	1
	1
	16
	1
	1


2.1.2 HS-SCCH type8
HS-SCCH shall be of type 8 when any of the following conditions is met:

· the UE is configured in MIMO mode, and the variable MIMO SF mode for HS-PDSCH dual stream is SF1/SF16.

· the MU-MIMO indicator is configured and the UE is configured in MIMO mode with the variable MIMO SF mode for HS-PDSCH dual stream is SF1/SF16.
The following information is transmitted by means of the HS-SCCH type 8 physical channels.
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The Field flag and Special information will be used to support MU-MIMO, indicated by xflag2,1 and x,info,1, xinfo,2.
· When xflag2,1=‘0’ , the MU-MIMO is not used and the variable SU-MIMO SF mode for HS-PDSCH single stream is SF1/SF16.The special information x,info,1, xinfo,2 are comprised of the channelisation code set extended information xccs,5, xccs,6 and xinfo,1= xccs,5, xinfo,2= xccs,6. 

· When xflag2,1=‘1’ , the MU-MIMO is used.

When the xflag2,1=‘1’ ,
· The special information x,info,1, xinfo,2 are comprised of the special default midamble pattern information. The mapping in Table3 below applies.
· Channelisation-code-set information xccs,1, xccs,2…, xccs,4 are indicated the channel codes. The granularity of code channel allocation is four channels with SF16. If a value of kstart = 13 and kstop = 4 is signalled, a spreading factor of SF=1 shall be used for the HS-PDSCH resources. The mapping in Table4 below applies.
Table3: Special default midamble pattern mapping
	The space-division user’s number
	Special default Mid-amble pattern Table
	xinfo,1
	xinfo,2

	1
	pattern 1A
	0
	0

	2
	pattern 1B
	0
	1

	3
	pattern 2A
	1
	0

	4
	pattern 2B
	1
	1


Table 4: Channelisation code set information mapping
	kstart
	xccs,1
	xccs,2
	kstop
	xccs,3
	xccs,4

	1
	0
	0
	4
	0
	0

	5
	0
	1
	8
	0
	1

	9
	1
	0
	12
	1
	0

	13
	1
	1
	16
	1
	1


2.2 E-AGCH channel
Only E-AGCH type2 needs to be modified to denote the time slots, channelisation codes, and midamble shift of the space-division users due to the same reason as HS-SCCH modification.

For the 1.28 Mcps TDD, E-AGCH type 2 is used when any of the following conditions is met:

·  the variable E_DCH_SPS_STATUS =TRUE for a UE (as defined in [12]).
· the MU-MIMO indicator is configured by higher layers.
The E-AGCH type 2 carries the following fields:

[image: image3.emf]PRRI

(5bits)

CRRI

(4bits)

TRRI

(5bits)

ECSN

(3bits)

Flag

(2bits)

CRC(16bits)

UE ID(16bits)

ENI

(3bits)

EI/RRPI

(2bits)

RDI+xx/xxxxx

(5bits)

Reserved

(1bit)

The Flag bits xflag,1, xflag,2 will be utilized to indicated MU-MIMO:
· If xflag,1, xflag,2=‘00’, the special information 1(x,info1,1, xinfo1,2) are comprised of the E-HICH indicator(xEI,1, xEI,2) and the special information 2 (x,info2,1, xinfo2,2, x,info2,3, xinfo2,4, x,info2,5,) are comprised of the resource duration indicator (xr,1, xr,2, xr,3) and xinfo2,4, x,info2,5 are reserved.

· If xflag,1, xflag,2=‘01’,  the special information 1 (x,info1,1, xinfo1,2) are comprised of the resource repetition period index (xrrpi,1, xrrpi,2 ) and the special information 2 (x,info2,1, xinfo2,2, x,info2,3, xinfo2,4, x,info2,5,) are reserved. 

· If xflag,1, xflag,2=‘10’, the MU-MIMO scheme is used, the special information 1(x,info1,1, xinfo1,2) are comprised of the E-HICH indicator(xEI,1, xEI,2) and the special information 2 (x,info2,1, xinfo2,2, x,info2,3, xinfo2,4, x,info2,5,) are comprised of the resource duration indicator (xr,1, xr,2, xr,3) and xinfo2,4, x,info2,5 are used to identify the UE Midamble Number  (ie, UMN)of space-division users and pattern in the midamble table. The mapping in Table5 below applies.

· xflag,1, xflag,2=‘11’ is reserved.

Table5: Special default midamble pattern mapping
	The space-division user’s number
	Special default Mid-amble pattern Table
	xinfo2,4
	x,info2,5

	1
	pattern 1A
	0
	0

	2
	pattern 1B
	0
	1

	3
	pattern 2A
	1
	0

	4
	pattern 2B
	1
	1


3 Proposal
It is proposed to adopt the HS-SCCH and E-AGCH design in MU-MIMO given in this document. 
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