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1. Introduction
Compared to Rel-8/9, the MIMO potential is further utilized in Rel-10 including support for higher-order SU-MIMO and enhanced MU-MIMO. At the RAN1 #59bis meeting, dimensioning of MU-MIMO for Rel-10 was discussed, and it was agreed that the following points would be assumed for further study for the design of downlink control signaling in Rel-10.
· Not more than 4 UEs are co-scheduled 
· Not more than 2 layers per UE with 2 orthogonal DM-RS ports
· Not more than 4-layer transmission in total for MU-MIMO transmission 
Furthermore, at the last RAN1 #61bis meeting, the following points were agreed.
· 2 orthogonal DM-RS ports and 2 scrambling sequences are supported in Rel-10

· 4 orthogonal DM-RS 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 
In this contribution, we describe our considerations regarding the downlink control information (DCI) design to support DL MIMO transmission in Rel-10 based on the agreement mentioned above. 
2. Consideration of DCI design for DL MIMO in Rel-10
First of all, the following DL MIMO operations shall be considered in the design of DCI format(s).
· SU-MIMO

· Ranks 1-2: DM-RS density of 12 REs/RB and the OCC length of 2

· Ranks 3-4: DM-RS density of 24 REs/RB and the OCC length of 2

· Ranks 5-8 (only in case of 8 Tx antenna ports): DM-RS density of 24 REs/RB and the OCC length of 4

· MU-MIMO

· Not more than rank 2 for each UE and not more than rank 4 in total

· Transparent MU-MIMO with 2 orthogonal DM-RS ports and 2 scrambling sequences
· DM-RS density of 12 REs/RB and the OCC length of 2

· Dynamic SU/MU-MIMO switching

· Transmission rank of the target UE
· DM-RS ports (and OCC length) assigned to the target UE
· DM-RS scrambling sequence index (SCID) to the target UE
At the RAN1 #59 meeting, it was agreed that dynamic SU/MU-MIMO switching must be supported for DL MIMO in Rel-10. Based on different levels of dynamic SU/MU-MIMO switching, two alternatives are considered for the DCI design.
· Alt. 1: Define a new transmission mode that supports full SU/MU-MIMO switching
· Alt. 2: Define a new transmission mode that only supports SU-MIMO with a rank up to greater than 2, e.g., rank 4 and/or rank 8, and use transmission mode 8 as Rel-9 for SU with rank not more than 2 and MU-MIMO. In case of 4 Tx antenna ports, it is FFS whether the Rel-8 SU-MIMO transmission mode can be reused if Alt. 2 is supported.
Alt.1 may have some potential benefit by fully supporting SU/MU switching and rank adaptation if a dynamic change in the traffic and/or channel state occurs, although we need further study regarding the actual benefits of Alt. 1 from the viewpoint of performance, etc. On the other hand, we consider that Alt. 2 may have some potential benefit in simplifying the DCI format and CSI feedback design for different transmission modes, although some restrictions are imposed for Alt. 2. It is noted that we are open to the two alternatives at this stage. 
Here, the overall states of SU-MIMO and MU-MIMO for DL MIMO in Rel-10 are considered. Table I(a) and I(b) lists all the states of DL MIMO corresponding to 8 Tx antenna ports and 4 Tx antenna ports, respectively. 
Table I – States of DL MIMO in Rel-10 
(a) 8 Tx antenna ports
	State 
index
	UE 
rank
	Number of 
enabled 
transport blocks
	DM-RS ports
	SU/MU
	SCID
	DM-RS 
density 
(REs/RB)
	OCC 
length

	0
	1
	1
	Port {7}
	SU/MU
	0
	12
	2

	1
	1
	1
	Port {8}
	SU/MU
	0
	12
	2

	2
	1
	1
	Port {7}
	MU
	1
	12
	2

	3
	1
	1
	Port {8}
	MU
	1
	12
	2

	4
	2
	1
	Port {7,8}
	SU/MU
	0
	12
	2

	5(*)
	2
	1
	Port {7,8}
	MU
	1
	12
	2

	6
	3
	1
	Port {7,8,9}
	SU
	0
	24
	2

	7
	4
	1
	Port {7,8,9,10}
	SU
	0
	24
	2

	8
	2
	2
	Port {7,8}
	SU/MU
	0
	12
	2

	9
	2
	2
	Port {7,8}
	MU
	1
	12
	2

	10
	3
	2
	Port {7,8,9}
	SU
	0
	24
	2

	11
	4
	2
	Port {7,8,9,10}
	SU
	0
	24
	2

	12
	5
	2
	Port {7,8,9,10,11}
	SU
	0
	24
	4

	13
	6
	2
	Port {7,8,9,10,11,12}
	SU
	0
	24
	4

	14
	7
	2
	Port {7,8,9,10,11,12,13}
	SU
	0
	24
	4

	15
	8
	2
	Port {7,8,9,10,11,12,13,14}
	SU
	0
	24
	4


(b) 4 Tx antenna ports
	State 
index
	UE 
rank
	Number of 
enabled 
transport blocks
	DM-RS ports
	SU/MU
	SCID
	DM-RS 
density 
(REs/RB)
	OCC 
length

	0
	1
	1
	Port {7}
	SU/MU
	0
	12
	2

	1
	1
	1
	Port {8}
	SU/MU
	0
	12
	2

	2
	1
	1
	Port {7}
	MU
	1
	12
	2

	3
	1
	1
	Port {8}
	MU
	1
	12
	2

	4
	2
	1
	Port {7,8}
	SU/MU
	0
	12
	2

	5(*)
	2
	1
	Port {7,8}
	MU
	1
	12
	2

	6
	2
	2
	Port {7,8}
	SU/MU
	0
	12
	2

	7
	2
	2
	Port {7,8}
	MU
	1
	12
	2

	8
	3
	2
	Port {7,8,9}
	SU
	0
	24
	2

	9
	4
	2
	Port {7,8,9,10}
	SU
	0
	24
	2


(*) This state may be used for MU-MIMO between a UE with Rank 2 retransmission using 1 transport block and other UE(s). It is FFS whether such transmission state is really necessary or not.

For Alt. 1, by reusing codeword enable/disable mechanism and an NDI field of the disabled transport block to indicate the DM-RS port index in the same way as in Rel-8/9, 3 (2) additional bits are needed to differentiate all the 16 (10) states with the SCID field removed in Format 2B, i.e., additional 2 (1) bits from Format 2B, in case of 8 (4) transmit antennas. Table II(a) and II(b) provide the examples for indication of each index of a 3 (2)-bit and 2-bit field for Alt. 1 in case of 8 (4) Tx antennas.
Table II – Example of 3-bit field and DL MIMO state indication for Alt. 1

 (a) 8 Tx antenna ports
	Number of 
enabled transport blocks (via MCS 
and RV)
	NDI of disabled transport block
	Additional 
bit field
(3 bits)
	DL MIMO state indication

	1
(Either of the two transport blocks is disabled)
	0
	0
	1 layer; DM-RS port {7}; SCID 0

	
	1
	0
	1 layer; DM-RS port {8}; SCID 0

	
	0
	1
	1 layer; DM-RS port {7}; SCID 1

	
	1
	1
	1 layer; DM-RS port {8}; SCID 1

	
	reserved
	2
	2 layers: DM-RS port {7,8}; SCID 0

	
	reserved
	3
	2 layers: DM-RS port {7,8}; SCID 1(*)

	
	reserved
	4
	3 layers: DM-RS port {7,8,9}; SCID 0

	
	reserved
	5
	4 layers: DM-RS port {7,8,9,10}; SCID 0

	2
(Both of the transport blocks are enabled)
	-
	0
	2 layers; DM-RS port {7,8}; SCID 0

	
	-
	1
	2 layers; DM-RS port {7,8}; SCID 1

	
	-
	2
	3 layers; DM-RS port {7,8,9}; SCID 0

	
	-
	3
	4 layers; DM-RS port {7,8,9,10}; SCID 0

	
	-
	4
	5 layers; DM-RS port {7,8,9,10,11}; SCID 0

	
	-
	5
	6 layers; DM-RS port {7,8,9,10,11,12}; SCID 0

	
	-
	6
	7 layers; DM-RS port {7,8,9,10,11,12,13}; SCID 0

	
	-
	7
	8 layers; DM-RS port {7,8,9,10,11,12,13,14}; SCID 0


(b) 4 Tx antenna ports
	Number of 
enabled transport blocks (via MCS 
and RV)
	NDI of disabled transport block
	Additional 
bit field
(2 bits)
	DL MIMO state indication

	1
(Either of the two transport blocks is disabled)
	0
	0
	1 layer; DM-RS port {7}; SCID 0

	
	1
	0
	1 layer; DM-RS port {8}; SCID 0

	
	0
	1
	1 layer; DM-RS port {7}; SCID 1

	
	1
	1
	1 layer; DM-RS port {8}; SCID 1

	
	reserved
	2
	2 layers: DM-RS port {7,8}; SCID 0

	
	reserved
	3
	2 layers: DM-RS port {7,8}; SCID 1(*)

	2
(Both of the transport blocks are enabled)
	-
	0
	2 layers; DM-RS port {7,8}; SCID 0

	
	-
	1
	2 layers; DM-RS port {7,8}; SCID 1

	
	-
	2
	3 layers; DM-RS port {7,8,9}; SCID 0

	
	-
	3
	4 layers; DM-RS port {7,8,9,10}; SCID 0


(*) This state may be used for MU-MIMO between a UE with Rank 2 retransmission using 1 transport block and other UE(s). It is FFS whether such transmission state is really necessary or not.

For Alt. 2, the new DCI format only needs to support SU-MIMO with a rank of greater than 2. In case of 8 Tx antenna ports, 3 additional bits are needed to differentiate all the 11 states with the SCID field removed from Format 2B, i.e., 2 additional bits from Format 2B. Table III provides an example for the indication of each index of 3-bit field for Alt. 2 for an 8 Tx antenna case. In addition, in case of 4 Tx antenna ports, whether or not such DCI format is actually necessary is FFS since Rel-8 4 Tx SU-MIMO transmission mode has already existed to support SU-MIMO.
Table III – Example of 3-bit field and DL MIMO state indication for Alt. 2 (8 Tx antenna port case)
	Number of 
enabled transport blocks (via MCS 
and RV)
	NDI of disabled transport block
	Additional 
bit field
(3 bits)
	DL MIMO state indication

	1
(Either of the two transport blocks is disabled)
	0
	0
	1 layers: DM-RS port {7}; SCID 0

	
	1
	0
	1 layers: DM-RS port {8}; SCID 0

	
	reserved
	1
	2 layers: DM-RS port {7,8}; SCID 0

	
	reserved
	2
	3 layers: DM-RS port {7,8,9}; SCID 0

	
	reserved
	3
	4 layers: DM-RS port {7,8,9,10}; SCID 0

	2
(Both of the transport blocks are enabled)
	-
	0
	2 layers; DM-RS port {7,8}; SCID 0

	
	-
	1
	3 layers; DM-RS port {7,8,9}; SCID 0

	
	-
	2
	4 layers; DM-RS port {7,8,9,10}; SCID 0

	
	-
	3
	5 layers; DM-RS port {7,8,9,10,11}; SCID 0

	
	-
	4
	6 layers; DM-RS port {7,8,9,10,11,12}; SCID 0

	
	-
	5
	7 layers; DM-RS port {7,8,9,10,11,12,13}; SCID 0

	
	-
	6
	8 layers; DM-RS port {7,8,9,10,11,12,13,14}; SCID 0


3. Conclusions
In this contribution, we described our consideration of the DCI design of DL MIMO for Rel-10, which includes two alternatives.
· Alt. 1: Define a new transmission mode that supports full SU/MU switching

· Alt. 2: Define a new transmission mode that only supports SU with a rank greater than 2, e.g., rank 4 and/or rank 8.
For both alternatives, 3 additional bits are needed for Format 2B with the SCID field removed in the new DCI design for an 8-transmitter antenna case. Further discussion is necessary to select one of the two alternatives.
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