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1. Introduction
In RAN1#59bis, the following agreements on MU-MIMO were reached [1]: 

For the design of downlink signalling and DMRS, the following is assumed for MU-MIMO:

· 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 

Note: Two alternatives are to be studied:

· Alt1:4 orthogonal DMRS ports and 1 scrambling sequence are defined

· Alt2:2 orthogonal DMRS ports and 2 scrambling sequences are defined as in Rel-9

· FFS whether one or both alternatives will be specified (and if only one, which one?).

Note that in any case Transmission Mode 8 will remain specified in Rel-10.
In RAN1#61bis, further conclusions on the use of DMRS ports/scrambling sequences and transparency of control signaling for MU-MIMO were made [2]:
· 2 orthogonal DM RS ports and 2 scrambling sequences are supported in Rel-10

· 4 orthogonal DM RS ports is 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

In the last meeting, it was agreed that [3]:

· One new transmission mode is defined, supporting:

· SU-MIMO up to rank-8 and SU/MU dynamic switching

· DCI format extended from Format 2B

· Consider further the potential benefits of adding a second new transmission mode, e.g. to support a compact MU-MIMO DCI format or to be more optimised for SU-MIMO up to 8 tx 
· Rel-10 UE are not prohibited from being configured in an existing transmission mode defined in Rel-8 or Rel-9
Based on the above conclusions, we discuss the remaining issues on DCI design for DL-MIMO in Rel-10 in this contribution.
2. Transmission mode configuration for LTE Rel-10
At least one new transmission mode is introduced in LTE Rel-10 to support SU-MIMO up to rank-8 and SU/MU dynamic switching. Also, the legacy transmission modes defined in Rel8/9 should also be supported by Rel-10 UE. Therefore DCI format 1A and TxD are used in fallback transmission scheme. Table 1 shows the transmission mode configuration for Rel-10. 
Table 1. PDCCH and PDSCH configured by C-RNTI
	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	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
	TM9 transmission scheme


3. Control signaling design for DL-MIMO
As up to 2 orthogonal DMRS ports can be used in MU-MIMO transmission, the DMRS pattern is always fixed. The corresponding DMRS density is 12RE per PRB pair for the UE with rank1or rank2 transmission. A DCI format which is suitable for unified SU/MU-MIMO operation in LTE-A can be simply extended based on the signaling defined for TM8 of Rel-9 with a few extra bits. Table 2 shows an example of DMRS port indication for DCI format 2C. The NDI bit of the disabled TB is re-used in this example. The corresponding information fields for DCI format 2C are listed in Table3.
Table2. DM-RS port indication 

	NDI bit of the disabled TB
	DM-RS port indication
	DMRS port assignment

	0
	000
	{7}

	1
	
	{8}

	0/1
	001
	{7,8}
(SCW retransmission)

	Two TBs enabled
	
	{7,8}

	0/1
	010
	{7,8,9}
(SCW retransmission)

	Two TBs enabled
	
	{7,8,9}

	0/1
	011
	{7,8,9,10}
(SCW retransmission)

	Two TBs enabled
	
	{7,8,9,10}

	Two TBs enabled
	100
	{7,8,9,10,11}

	Two TBs enabled
	101
	{7,8,9,10,11,12}

	Two TBs enabled
	110
	{7,8,9,10,11,12,13}

	Two TBs enabled
	111
	{7,8,9,10,11,12,13,14}


Table3. DCI format 2C with separate DMRS port and SCID indications 
	Information Field
	Size(bits)

	Carrier indicator
	0/3

	RA header
	0/1

	RB assignment
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	TPC
	2

	DAI
	2(TDD only)

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

	TB1
	MCS
	5

	
	RV
	2

	
	NDI
	1

	TB2
	MCS
	5

	
	RV
	2

	
	NDI
	1

	SCID
	1

	DMRS port indication
	3

	CRC
	16


In addition, the indication of SCID and DM-RS port assignment can be implemented jointly. Table 4 shows an example of joint encoding scheme. The details about the information field sizes are given in Table 5.
Table4. Joint indication of DM-RS port & SCID
	NDI bit of the disabled TB
	Port/SCID indication
	DMRS port assignment
	SCID

	0
	000
	{7}
	0

	1
	
	{8}
	0

	0
	001
	{7}
	1

	1
	
	{8}
	1

	0
	010
	{7,8}
(SCW retransmission)
	0

	0
	011
	{7,8}
(SCW retransmission)
	1

	Two TBs enabled
	000
	{7,8}
	0

	Two TBs enabled
	001
	{7,8}
	1

	1
	010
	{7,8,9}
(SCW retransmission)
	default

	Two TBs enabled
	
	{7,8,9}
	default

	1
	011
	{7,8,9,10}
(SCW retransmission)
	default

	Two TBs enabled
	
	{7,8,9,10}
	default

	Two TBs enabled
	100
	{7,8,9,10,11}
	default

	Two TBs enabled
	101
	{7,8,9,10,11,12}
	default

	Two TBs enabled
	110
	{7,8,9,10,11,12,13}
	default

	Two TBs enabled
	111
	{7,8,9,10,11,12,13,14}
	default


Table5. DCI format 2C with joint DMRS port and SCID indication
	Information Field
	Size(bits)

	Carrier indicator
	0/3

	RA header
	0/1

	RB assignment
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	TPC
	2

	DAI
	2(TDD only)

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

	TB1
	MCS
	5

	
	RV
	2

	
	NDI
	1

	TB2
	MCS
	5

	
	RV
	2

	
	NDI
	1

	port/ SCID indication
	3

	CRC
	16


4. Conclusions
The DCI format 2C for TM9 is an extension of DCI format 2B. Similar to TM8, as single layer transmission is always possible with DCI format 2C, we don’t see the need for TxD option in this DCI format. Based on the discussion above, the information field sizes can be summarized in Table 4-1 and 4-2 for DCI Format 2C with separate and joint DMRS port/SCID indications respectively. For the case with maximum 2 or 4 layers in DL transmission, different signaling may be considered to reduce the overhead. 

5. References

[1] Report of 3GPP TSG RAN WG1 #59bis
[2] Report of 3GPP TSG RAN WG1 #61bis
[3] Draft report of 3GPP TSG RAN WG1 #62
_1298663907.unknown

