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1 Introduction
In Rel-10, up to 8 layers transmission should be supported for SU-MIMO to fulfil as high as 30bps/Hz spectrum efficiency required by operator. And the large revolution of Rel-10 MIMO scheme from Rel-8 MIMO scheme is widely adopted DMRS based MIMO transmission scheme. The corresponding DMRS pattern design work was finished before RAN1#61bis meeting. Following a short summary about the DMRS design for Rel-10 MIMO was listed:
· Definition of DM-RS port resource with two CDM groups for rank>2
· 1st CDM group :{port-7, port-8, port-11, port-13}

· 2nd CDM group :{port-9, port-10, port-12, port-14}

· DM-RS port to layer mapping for rank>2
· Layer n corresponds to port-(n+7), n=0,…,7

· One-to-one mapping between DM-RS port and layer
· For retransmission with rank = R, the same layer to DMRS port mapping rule and the same PDSCH to RE mapping rule are applied as an initial transmission with rank R.
And when rank <=2, Rel-9 DMRS design and DMRS port to layer mapping scheme was reused in Rel-10.
In RAN1 #59 meeting, RAN1 #59bis meeting and RAN1 61bis meeting, transparent MU-MIMO was agreed as follows:
· RAN1 #59 meeting[1]
· Switching between SU- and MU-MIMO transmission is possible without RRC reconfiguration
· RAN1 #59bis meeting[2]
· Not more than 4 UEs are co-scheduled 

· Note that the actual maximum number of co-scheduled UEs does not need to be specified.
· Not more than 2 layers per UE with 2 orthogonal DMRS ports
· Not more than 4-layer transmission in total for MU-MIMO transmission
· RAN1 #61bis meeting[3]
· 2 orthogonal DMRS ports and 2 scrambling sequences are supported in Rel-10

· 4 orthogonal DMRS ports are not supported for MU-MIMO in Rel-10
· No dynamic downlink signalling is provided to indicate to a UE whether a downlink transmission to another UE is taking place in the same RB as the one in which the UE is scheduled
According to the agreements above, the corresponding downlink control signalling design is given in this contribution.
2 Downlink MIMO transmission scheme in Rel-10
According to the agreements summarized in section 1, a new SU-MIMO transmission mode (defined as transmission mode 9) with rank up to 8 should be supported. The corresponding control signalling should be able to support up to 2 codeword transmission, resource allocation indication, 2 MCS/NDI/RV indications etc. Note that by including Scrambling identity in the control signalling as we did in Rel-9, this scheme could also be able to support agreed MU-MIMO transmission scheme of Rel-10 due to the agreed transparent MU-MIMO scheme.
One contribution[4]also proposes to design a new transmission mode for Rel-10 MU-MIMO scheme, from our point of view, it is not necessary due to the following reasons:
· Transmission mode 9 with scrambling identity is already able to support Rel-10 MU-MIMO scheme. Further more, if reusing codebook subset restriction configured by higher layer is possible, we could also reduce the feedback complexity by constraint the maximum rank reported from UE up to 2. So from feedback complexity point of view, it's not necessary to exclusively define a new transmission mode for Rel-10 MU-MIMO. 
· From the agreements of the Rel-10 MU-MIMO, we could see Rel-10 MU-MIMO is just the same as Rel-9 MU-MIMO from transmission point of view. That means reusing transmission mode 8 is already able to support Rel-10 MU-MIMO transmission. The only difference between Rel-10 MU-MIMO and Rel-9 MU-MIMO is the feedback enhancement for Rel-10 MU-MIMO, which is a hot discussion in the current meeting. By adding one or more feedback modes into transmission mode 8, Rel-10 MU-MIMO scheme could be well supported. So from feedback enhancement point of view, it's not necessary to exclusively define a new transmission mode for Rel-10 MU-MIMO.
· Another possible argument to support a new transmission mode for Rel-10 MU-MIMO exclusively is the lower control signalling overhead. But it depends on the maximum number of the codeword per UE to be supported in Rel-10 MU-MIMO. If only one codeword per UE is supported in Rel-10 MU-MIMO, a lot of control signalling overhead (about 8 bits) could be saved. But in this case, we need to define a new mapping scheme for Rel-10 UE, in which one codeword could be mapped to two layers in the initial transmission. This scheme deviates the conclusion of transparent MU-MIMO in Rel-10. So from control signalling overhead point of view, it's not necessary to exclusively define a new transmission mode for Rel-10 MU-MIMO.
Proposal:
· Only a new transmission mode 9 is defined in Rel-10 to support both SU-MIMO and MU-MIMO
· Adding more feedback modes into transmission mode 8 to efficiently support Rel-10 MU-MIMO transmission
· Codebook subset restriction could be reused in transmission mode 9 to efficiently support Rel-10 MU-MIMO
3 Search space design for Rel-10 downlink transmission
According to the discussion above, the search space design for transmission mode 9 is in table 1:
Table 1
Search space design for transmission mode 9
	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH

	Transmission mode 9 
	DCI format 1A
	Common and UE specific by C-RNTI
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity

	
	DCI format 2C
	UE specific by C-RNTI
	Rel-10 DMRS based spatial multiplexing transmission

	
	
	
	

	
	
	
	


4 DCI format design for Rel-10 downlink transmission
The details of DCI format 2C are given in table 2:
Table 2 Control signalling format for DCI format 2C
	Contents
	Bit size
	Descriptions

	Resource allocation header
	1
	Type 0/1 resource allocation differentiation

	RB assignment
	Type 0:
Type 1:


	Resource allocation indication

	TPC for PUCCH
	2
	Uplink power control indication

	DAI only for TDD
	0 (FDD), 1(TDD)
	

	HARQ process number
	3 (FDD), 4 (TDD)
	HARQ process number

	TB to codeword swap flag
	0
	Not needed for DL MIMO with DMRS

	TB1 MCS
	5
	IMCS = 0 and RV=1 for TB disabling

	TB1 NDI
	1
	

	TB1 RV
	2
	

	TB2 MCS
	5
	

	TB2 NDI
	1
	

	TB2 RV
	2
	

	Scrambling identity
	1
	transparent Rel-10 MU-MIMO support

	DMRS pattern and rank indicator
	3 
	UE rank and corresponding DMRS pattern


Except the maximum rank, Rel-10 MIMO transmission scheme is very much like that of Rel-9, so the control signalling design could follow DCI format 2B. Although control signalling about PMI is not needed anymore due to the utilization of DMRS, with rank up to 8, the RI for rank indication is still needed to indicate UE about the transmission rank and the corresponding DMRS pattern information.
Transmission rank and corresponding DMRS pattern can be jointly indicted by 3 bits for 8Tx, or 2 bits for 4Tx as shown in Table 3 and 4. The interpretation of the rank and DMRS pattern information depends on the number of enabled codewords. If only one codeword is enabled, the DMRS port and rank can be read from the left half part of the tables. If both codewords are enabled, the index of the DMRS and rank information can be interpreted by the right half of the tables.
Table 3 DMRS port and rank indication for 8Tx
	One codeword: 

Only Codeword 0 or 1 enabled
	Two codewords: 

Codeword 0 enabled, 
Codeword 1 enabled

	index
	UE rank
	DMRS port
	DMRS pattern
	index
	UE rank
	DMRS port
	DMRS pattern

	0
	1
	7
	12 RE, OCC=2
	0
	2
	7,8
	12 RE, OCC=2

	1
	1
	8
	12 RE, OCC=2
	1
	3
	7,8,9
	24 RE, OCC=2

	2
	2
	7,8
	12 RE, OCC=2
	2
	4
	7,8,9,10
	24 RE, OCC=2

	3
	3
	7,8,9
	24 RE, OCC=2
	3
	5
	7,8,9,10,11
	24 RE, OCC=4

	4
	4
	7,8,9,10
	24 RE, OCC=2
	4
	6
	7,8,9,10,11,12
	24 RE, OCC=4

	5
	reserved
	5
	7
	7,8,9,10,11,12,13
	24 RE, OCC=4

	6
	reserved
	6
	8
	7,8,9,10,11,12,13,14
	24 RE, OCC=4

	7
	reserved
	7
	reserved


Table 4 DMRS port and rank indication for 4Tx
	One codeword: 

Only Codeword 0 or 1 enabled
	Two codewords: 

Codeword 0 enabled, 

Codeword 1 enabled

	index
	UE rank
	DMRS port
	DMRS pattern
	index
	UE rank
	DMRS port
	DMRS pattern

	0
	1
	7
	12 RE, OCC=2
	0
	2
	7,8
	12 RE, OCC=2

	1
	1
	8
	12 RE, OCC=2
	1
	3
	7,8,9
	24 RE, OCC=2

	2
	2
	7,8
	12 RE, OCC=2
	2
	4
	7,8,9,10
	24 RE, OCC=2

	3
	reserved
	3
	reserved


5 Conclusions
In this contribution, control signalling design consideration for Rel-10 MIMO is given. And we propose:
· Only a new transmission mode 9 is defined in Rel-10 to support both SU-MIMO and MU-MIMO

· Adding more feedback modes into transmission mode 8 to efficiently support Rel-10 MU-MIMO transmission
· Codebook subset restriction could be reused in transmission mode 9 to efficiently support Rel-10 MU-MIMO
· The search space design in table 1 and DCI format 2C in table 2 could be adopted as the control signalling solution for transmission mode 9.

· A DMRS pattern and Rank joint indicator that depends on number of enabled codewords could be considered in the new DCI scheme.
6 References
[1] RAN1 59, “Draft Report of 3GPP TSG RAN WG1 #59 v0.2.0”, Jeju, South Korea, 9th – 13th November, 2009
[2] RAN1 59bis, “Draft Report of 3GPP TSG RAN WG1 #59bis v0.1.0”, Valencia, Spain, 18th – 22nd January, 2010
[3] RAN1 61bis, “Draft Report of 3GPP TSG RAN WG1 #61bis v0.1.0”, Dresden, Germany, 28th June - 2nd July 2010
[4] R1-103662, Samsung, “Compact DCI Design for MU-MIMO”, Montreal, Canada, 28th Jun –2nd Jul 2010
[5] RAN1 57, “Final Report of 3GPP TSG RAN WG1 #57 v1.0.0”, San Francisco, USA, 4 – 8 May, 2009












































































