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1 Introduction
In 3GPP RAN1#62bis, the following conclusion was made on MU-MIMO control signalling:
· 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 

Furthermore, a way forward [1] is agreed after an e-mail reflector discussion, whose contents are reproduced below:
· Transmission Mode and DCI design for Rel-10 DL MIMO
· One new transmission mode is defined for Rel-10 DL MIMO (transmission mode 9) supporting SU-MIMO up to rank-8 and SU/MU dynamic switching

· A new DCI Format should be defined for this new transmission mode. 

· The new DCI format handles SU-MIMO operation for rank 3-8 in addition to carrying the information content of DCI format 2B for rank 1-2.

· Encoding of the information content is FFS
· DCI format 1A is used in the fall-back scheme of this transmission mode 

· Details of DCI design
· Joint coding of scrambling identity, DMRS port and number of layers can be considered to save signaling overhead. 

· Other joint encoding schemes not precluded

· TxD option in this DCI format is FFS

·  At least one signaling table with 8 maximum number of layers has to be defined. 

· Whether to define different signaling for 2 and 4 maximum number of layers is FFS.

In this contribution, we discuss about MU-MIMO control signalling, based on the above cited agreement. 

2 Details of DCI design for Rel-10 DL MIMO
In this section, we consider signalling of both a DM RS pattern and antenna port indices within the selected DM RS pattern assigned for a UE for maximum flexibility. We construct the set of states to be dynamically signalled as in the following table:
Table 1 The set of states to be dynamically signalled

	State number
	DM RS pattern
	Port indices
	SCID

	0
	Rank-2
	7
	0

	1
	Rank-2
	7
	1

	2
	Rank-2
	8
	0

	3
	Rank-2
	8
	1

	4
	Rank-2
	7,8
	0

	5
	Rank-2
	7,8
	1

	6
	Rank-4
	7, 8, 9
	0

	7
	Rank-4
	7, 8, 9, 10
	0

	8
	Rank-8
	7, 8, 9, 10, 11
	0

	9
	Rank-8
	7, 8, 9, 10, 11, 12
	0

	10
	Rank-8
	7, 8, 9, 10, 11, 12, 13
	0

	11
	Rank-8
	7, 8, 9, 10, 11, 12, 13, 14
	0


In the table, the total number of states is 12; and hence we need at most 4 bits to signal this information. 
As a simple extension of Rel-9 DCI format 2B, we consider DCI format 2C for MU-MIMO control signalling in Rel-10, where the DCI format 2C is composed of all the bits of DCI format 2B after excluding the SC-ID field, and an additional N-bit DM-RS port indication field. 

With N=3 bits, all the states in Table 1 can be indicated by the DM RS port indication field, where the interpretation of the 3-bit DM RS port indication field changes depending on the number of enabled TBs, as shown in Table 2.
Table 2 Signalling of a selected DM RS pattern, port indices and an SC-ID: Up to 8 layers.
    When only one TB is enabled                                   When both TBs are enabled
	Bit field mapped to index
	DMRS pattern
	Port indices
	SCID
	
	Bit field mapped to index 
	DMRS pattern
	Port indices
	SCID

	0
	Rank-2
	7
	0
	
	0
	Rank-2 
	7,8
	0

	1
	Rank-2
	7
	1
	
	1
	Rank-2
	7,8
	1

	2
	Rank-2
	8
	0
	
	2
	Rank-4
	7,8,9
	0

	3
	Rank-2
	8
	1
	
	3
	Rank-4
	7,8,9,10
	0

	4*
	Rank-2
	7,8
	0
	
	4
	Rank-8
	7,8,9,10,11
	0

	5*
	Rank-2
	7,8
	1
	
	5
	Rank-8
	7,8,9,10,11,12
	0

	6*
	Rank-4
	7,8,9
	0
	
	6
	Rank-8
	7,8,9,10,11,12,13
	0

	7*
	Rank-4
	7,8,9,10
	0
	
	7
	Rank-8
	7,8,9,10,11,12,13,14
	0


* States associated with single-CW retransmissions for dual-CW initial transmissions. 
On the two FFS’s of the details of DCI design, our views are summarized below:

· Whether to indicate TxD transmissions in the DCI or not:

· In Rel-8, a TxD transmission in a DL MIMO SM transmission mode can be indicated by DCI format 2/2A by setting the PMI field = 0 when one only one CW is enabled. One motivation of having one code point in DCI format 2/2A for TxD was to allow for TxD retransmission of a single CW, when two CWs had been initially transmitted by an SM transmission. If a consensus is built on the necessity of keeping this operation alive in Rel-10, it seems that it is easy to indicate TxD using remaining codepoints in DCI format 2C, e.g., an NDI bit of a disabled TB. 

· Whether to design only one DM-RS port indication table supporting up to 8-layer transmissions or to design two tables, one for up to 4-layer transmissions and the other for up to 8-layer transmissions:

· In Rel-8, for up to 2-layer transmissions and for up to 4-layer transmissions, two separate PMI tables are defined to save DCI overhead in 2-layer transmissions. We believe that the same argument applies for Rel-10, where 8-layer-capable systems are expected to be not major during at least first deployments of Rel-10. For 4-layer-capable systems, we do not think that it is a good idea to waste one bit in the DCI format at all the time. 
· For up to 4 layer transmissions, as shown in Table 3, a 3-bit combined field composed of N=2 bit DM RS port indication field and 1-bit NDI of a disabled TB is sufficient to indicate all the 6 states associated with one-TB transmission, and N=2 bit DM RS port indication field is sufficient to indicate all the 4 states associated with two-TB transmission. If a TxD indication is needed, one reserved state when only one TB is enabled can be used for TxD indication.
Table 3 Signalling of a selected DM RS pattern, port indices and an SC-ID: Up to 4 layers.

When only one TB is enabled                                   When both TBs are enabled
	Bit field mapped to index 
	DMRS pattern
	Port indices
	SCID
	
	Bit field mapped to index 
	DMRS pattern
	Port indices
	SCID

	0
	Rank-2
	7
	0
	
	0
	Rank-2 
	7,8
	0

	1
	Rank-2
	7
	1
	
	1
	Rank-2
	7,8
	1

	2
	Rank-2
	8
	0
	
	2
	Rank-4
	7,8,9
	0

	3
	Rank-2
	8
	1
	
	3
	Rank-4
	7,8,9,10
	0

	4*
	Rank-2
	7,8
	0
	
	
	
	
	

	5*
	Rank-2
	7,8
	1
	
	
	
	
	

	6
	Reserved
	
	
	
	
	
	
	

	7
	Reserved
	
	
	
	
	
	
	


* States associated with single-CW retransmissions for dual-CW initial transmissions. 

Synchronous Retransmissions in Transmission mode 9
There have been concerns on the PDCCH capacity when MU-MIMO transmissions are frequently used in the system, as shown in e.g., [2]. To relieve the PDCCH capacity problem, we may consider indicating synchronous retransmissions in a PDCCH scheduling an initial-transmission of a single TB, for which an MU-MIMO transmission can be scheduled. When a UE has been indicated synchronous retransmissions in a PDCCH in subframe n, the UE would expect to receive a synchronous retransmission in subframe n+8 even without receiving a PDCCH, if the UE have sent a NACK in subframe n+4. For facilitating DL synchronous HARQ, we may consider assigning additional code points for indicating synchronous HARQ in DCI format 2C.
3 Conclusion
This contribution proposes:
· At least one DCI format, DCI format 2C, is introduced for Rel-10 DL SU/MU-MIMO transmission mode. 

· DCI format 2C is extended from DCI format 2B, with removing the SC-ID field and adding N bits for UE RS port indication. The UE RS port indication field is interpreted differently depending on the number of enabled TBs.
· For 8-Tx transmissions, N=3 bits are added. UE RS ports are indicated according to Table 2.

· For 4-Tx transmissions, N=2 bits are added. UE RS ports are indicated according to Table 3.

· For facilitating DL synchronous HARQ, consider assigning additional code points for indicating synchronous HARQ in DCI format 2C.
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