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1 Introduction
A new Rel-10 WI “MU-MIMO for 1.28Mcps TDD” has been approved in RAN #47 [1]. MU-MIMO can support maximum 4 different UEs use the same channelization codes and different midamble shifts for both HS-DSCH and E-DCH. The HS-SCCH and E-AGCH type for MU-MIMO scheduling need to be discussed in RAN1.
2 HS-SCCH for DL MU-MIMO scheduling
For UEs support MU-MIMO but no SU-MIMO SF=1 capability, SU-MIMO SF=1 but no MU-MIMO capability, or MU-MIMO and SU-MIMO capability, when any of the following conditions is true, HS-SCCH type 4 should be used:
· the UE is configured in MIMO mode, and the variable MIMO SF mode for HS-PDSCH dual stream is SF1.
· UE is configured in 4 user MU-MIMO mode, but the UE is not configured in MIMO mode.
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Figure 1. HS-SCCH type 4
-
Type flag 1 (1 bit): xflag1,1
-
Channelisation-code-set information (6 bits): xccs,1, xccs,2, …, xccs, 6

-
Type flag 2 (1 bit): xflag2,1
-
Time slot information (5bits): xts,1, xts,2, …, xts,5
-
Modulation scheme information (1 bit): xms,1
-
Transport-block size information (6 bits): xtbs,1, xtbs,2, …, xtbs,6
-
Hybrid-ARQ process information (4 bits): xhap,1, xhap,2, xhap,3, xhap,4,
-
Redundancy version information (2 bits): xrv,1, xrv,2
-
HS-SCCH cyclic sequence number (3 bits): xhcsn,1, xhcsn,2, xhcsn,3
-
Reserved (1 bit): xres,1
-
UE identity (16 bits): xue,1, xue,2, …, xue,16

Because only one stream data transmission needs to be supported for UE configured in MU-MIMO mode but not configured in MIMO mode, the Hybrid-ARQ process information for MU-MIMO mode only UE should be xhap,1, xhap,2, xhap,3.
Reserved (1 bit): xres,1 can be replace by a Type flag 3 (1 bit) xflag3,1.
When Type flag 3 (1 bit) xflag3,1.=’0’, it represents SU-MIMO transmission.

When Type flag 3 (1 bit) xflag3,1.=’1’, it represents MU-MIMO transmission. The xccs,1, xccs,2 can be used to represent the MU-MIMO midamble pattern. The MU-MIMO midamble pattern is shown as below:

Table 1: Special default Mid-amble pattern Table

	Index
	Special default Mid-amble pattern Table
	xccs,1
	xccs,2

	1
	pattern 1
	0
	0

	2
	pattern 2
	0
	1

	3
	pattern 3
	1
	0

	4
	pattern 4
	1
	1


The CCS field can be represented by the xccs,3 ,xccs,4 ,xccs,5 ,xccs,6 , The start code kstart is signalled by the bits xccs,3 ,xccs,4 and the stop code kstop by the bits xccs,5, xccs,6. The mapping in Table 2 below applies.
Table 2: 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


Proposal 1: For UEs support MU-MIMO but no SU-MIMO SF=1 capability, SU-MIMO SF=1 but no MU-MIMO capability, or MU-MIMO and SU-MIMO capability, HS-SCCH type 4 should be used for MU-MIMO or SU-MIMO single stream HS-DSCH scheduling.
Proposal 2: HS-SCCH type 4 for MU-MIMO but no SU-MIMO SF=1 scheduling should support 2 bit Special default Mid-amble pattern Table index, 4 bit CCS field xccs,3 ,xccs,4 ,xccs,5 ,xccs,6  and only support Hybrid-ARQ process information(3bit): xhap,1, xhap,2, xhap,3. 
Proposal 3: HS-SCCH type 4 for SU-MIMO SF=1 but no MU-MIMO scheduling, or MU-MIMO and SU-MIMO capability scheduling should support 2 bit Special default Mid-amble pattern Table index, 4 bit CCS field xccs,3 ,xccs,4 ,xccs,5 ,xccs,6 and Hybrid-ARQ process information(4bit): xhap,1, xhap,2, xhap,3, xhap,4 

For UEs support SU-MIMO SF=1&16 but no MU-MIMO capability, or MU-MIMO and SU-MIMO SF=1&16 capability, HS-SCCH type 8 should be used:
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Figure 2. HS-SCCH type 8

-
Channelisation-code-set information (4 bits): xccs,1, xccs,2…, xccs,4
-
Transport-block size information (6 bits ): xtbs,1, xtbs,2, …, xtbs,6
-
Modulation scheme information (1 bit): xms,1
-
Time slot information (5bits): xts,1, xts,2, …, xts,5
-
Redundancy version information (2 bits): xrv,1, xrv,2
-
Type flag 1 (6 bits): xflag1,1, xflag1,2, xflag1,3, xflag1,4, xflag1,5, xflag1,6,
-
Field flag 2 (1 bit): xflag2,1
-
Special Information (2 bits): xinfo,1, xinfo,2
-
Hybrid-ARQ process information (4 bits): xhap,1, xhap,2, xhap,3, xhap,4,

-
HS-SCCH cyclic sequence number (3 bits): xhcsn,1, xhcsn,2, xhcsn,3
-
UE identity (16 bits): xue,1, xue,2, …, xue,16

If field flag 2 (1 bit):xflag2,1=‘0’ , 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. 
The field flag xflag2,1=’1’and the special information x,info,1, xinfo,2 which is reserved in HS-SCCH type8 can be used to represent MU-MIMO transmission. The x,info,1, xinfo,2 can be used to represent the MU-MIMO midamble pattern. The MU-MIMO midamble pattern is shown as below:

Table 3: Special default Mid-amble pattern Table

	Index
	Special default Mid-amble pattern Table
	x,info,1
	xinfo,2

	1
	pattern 1
	0
	0

	2
	pattern 2
	0
	1

	3
	pattern 3
	1
	0

	4
	pattern 4
	1
	1


Proposal 4: For UEs support SU-MIMO SF=1&16 but no MU-MIMO capability, or MU-MIMO and SU-MIMO SF=1&16 capability, HS-SCCH type 8 should be used for MU-MIMO or SU-MIMO single stream HS-DSCH scheduling.
Discussion:

For UEs support MU-MIMO and SU-MIMO SF=1&16 capability, or MU-MIMO and SU-MIMO SF=1 capability, according to the current SU-MIMO specification and MU-MIMO agreement, three kinds of transmission mode should be supported by UE and NW:

· default midamble(( spreading codes mapping relationship should be used for SU-MIMO single stream transmission;
· two pattern special default midamble(( spreading codes mapping relationship should be used for SU-MIMO dual stream transmission;
· four pattern special default midamble(( spreading codes mapping relationship should be used for MU-MIMO single stream transmission;
SU-MIMO dual stream and MU-MIMO single can use the same 4 user MU-MIMO midamble(( spreading codes mapping relationship. If SU-MIMO dual stream need to be transmitted, NW can use 2 pattern in 4 user MU-MIMO special default for midamble(( spreading codes mapping. The difference of SU-MIMO dual stream transmission and MU-MIMO dual stream transmission is that the special default mapping relationship is changed from 2 patterns to 4 patterns. If single user dual stream transmission can be supported in MU-MIMO, both the UE peak rate and the cell throughput can be enhanced by the combination of SU-MIMO and MU-MIMO spacial multiplex gains.
Proposal 5: For UEs support SU-MIMO SF=1&16 and MU-MIMO capability, or SU-MIMO SF=1 and MU-MIMO capability, MU-MIMO dual stream transmission can be introduced in MU-MIMO. 
3 E-AGCH for UL MU-MIMO scheduling

For UEs support UL MU-MIMO capability, E-AGCH type 2 should be used:
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 Figure 3. E-AGCH type 2

In E-AGCH type2, some reserved bits can be used to represent MU-MIMO pattern:
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.

When 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. 
When xflag,1, xflag,2=‘10’, the special information 1(x,info1,1, xinfo1,2) are comprised of the E-HICH indicator(xEI,1, xEI,2) and the first 3 bits in 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 can be used to represent the MU-MIMO midamble pattern. The MU-MIMO midamble pattern is shown as below:

Table 4: Special default Mid-amble pattern Table

	Index
	Special default Mid-amble pattern Table
	x,info,1
	xinfo,2

	1
	pattern 1
	0
	0

	2
	pattern 2
	0
	1

	3
	pattern 3
	1
	0

	4
	pattern 4
	1
	1


Proposal 6: For UEs support MU-MIMO capability, E-AGCH type 2 should be used for MU-MIMO E-DCH scheduling. When xflag,1, xflag,2=‘10’, the special information 1(x,info1,1, xinfo1,2) are comprised of the E-HICH indicator(xEI,1, xEI,2) and the first 3 bits in 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 can be used to represent the MU-MIMO midamble pattern.

4 Proposals

Proposal 1: For UEs support MU-MIMO but no SU-MIMO SF=1 capability, SU-MIMO SF=1 but no MU-MIMO capability, or MU-MIMO and SU-MIMO capability, HS-SCCH type 4 should be used for MU-MIMO or SU-MIMO single stream HS-DSCH scheduling.

Proposal 2: HS-SCCH type 4 for MU-MIMO but no SU-MIMO SF=1 scheduling should support 2 bit Special default Mid-amble pattern Table index, 4 bit CCS field xccs,3 ,xccs,4 ,xccs,5 ,xccs,6  and only support Hybrid-ARQ process information(3bit): xhap,1, xhap,2, xhap,3. 

Proposal 3: HS-SCCH type 4 for SU-MIMO SF=1 but no MU-MIMO scheduling, or MU-MIMO and SU-MIMO capability scheduling should support 2 bit Special default Mid-amble pattern Table index, 4 bit CCS field xccs,3 ,xccs,4 ,xccs,5 ,xccs,6 and Hybrid-ARQ process information(4bit): xhap,1, xhap,2, xhap,3, xhap,4 

Proposal 4: For UEs support SU-MIMO SF=1&16 but no MU-MIMO capability, or MU-MIMO and SU-MIMO SF=1&16 capability, HS-SCCH type 8 should be used for MU-MIMO or SU-MIMO single stream HS-DSCH scheduling.

Proposal 5: For UEs support SU-MIMO SF=1&16 and MU-MIMO capability, or SU-MIMO SF=1 and MU-MIMO capability, MU-MIMO dual stream transmission can be introduced in MU-MIMO. 

Proposal 6: For UEs support MU-MIMO capability, E-AGCH type 2 should be used for MU-MIMO E-DCH scheduling. When xflag,1, xflag,2=‘10’, the special information 1(x,info1,1, xinfo1,2) are comprised of the E-HICH indicator(xEI,1, xEI,2) and the first 3 bits in 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 can be used to represent the MU-MIMO midamble pattern.
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