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1 Introduction

After RAN1 #62bis, the way forward [1] was agreed through email discussion.  We have reached the following conclusions on the 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 
The following details of DCI design should be further studied: 
· 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.
· Joint coding of scrambling identity, DMRS port and number of layers can be considered to save signaling overhead.
· TxD option in this DCI format is FFS

In this contribution, we further discuss about these remaining issues.  

2 Remaining Issues on DCI Design
2.1 The number of signaling tables

Rel-8 DCI signaling tables for precoding information in DCI format 2 (tables 5.3.3.1.5-4 and 5.3.3.1.5-5) depend on the cell-specific CRS antenna ports.   It is natural to follow the Rel-8 way to define signaling tables depending on the cell-specific CSI-RS antenna ports in Rel-10 as shown in tables 1-3.  Signaling overhead can be easily reduced comparing with using one unified signaling table.  There was discussion that the overhead can be further reduced by defining the signaling tables based on the UE capability of maximum number of layers which is UE-specific.  However, complexity is expected to be slightly higher as this is different from the Rel-8 approach.  In this case, eNB has to use different tables for different UEs.   To be more compatible with Rel-8, defining the signaling tables based on the cell-specific antenna ports is preferable.  

2.2 Joint coding of scrambling identity, DMRS port and number of layers 
Joint coding of scrambling identity, DMRS port indication and number of layers is preferable since this can easily reduce the signaling overhead.  As shown in tables 1-3, the signaling overhead to do this joint coding are 3bits, 2bits and 1bit respectively for 8, 4 and 2 antenna ports.    In following design, we consider signalling with doing joint coding of necessary information differently according to the number of enabled codewords, i.e.
 - Only one codeword enabled

 - Two codewords enabled.

This is similar to Format 2/2A in which different signaling is considered depending on the number of codewords.    
	One codeword: 

Codeword 0 enabled, 

Codeword 1 disabled
	Two codewords: 

Codeword 0 enabled, 

Codeword 1 enabled

	
	Message
	
	Message

	0
	Transmit diversity
	0
	2 layers, ports 7-8, SCID=0,

	1
	1 layer, port 7 or 8, SCID=0
	1
	2 layers, ports 7-8,

SCID=1

	2
	1 layer, port 7 or 8, SCID=1
	2
	3 layers, ports 7-9

	3
	2 layers, ports 7,8
	3
	4 layers, ports 7-10

	4
	3 layers, ports 7-9
	4
	5 layers, ports 7-11

	5
	4 layers, ports 7-10
	5
	6 layers, ports 7-12

	6
	reserved
	6
	7 layers, ports 7-13

	7
	reserved
	7
	8 layers, ports 7-14


Table 1 DMRS Port and SCID Indication for 8 antenna ports
	One codeword: 

Codeword 0 enabled, 

Codeword 1 disabled
	Two codewords: 

Codeword 0 enabled, 

Codeword 1 enabled

	
	Message
	
	Message

	0
	Transmit diversity
	0
	2 layers, ports 7-8, SCID=0,

	1
	1 layer, port 7 or 8, SCID=0
	1
	2 layers, ports 7-8,

SCID=1

	2
	1 layer, port 7 or 8, SCID=1
	2
	3 layers, ports 7-9

	3
	2 layers, ports 7,8
	3
	4 layers, ports 7-10


Table 2 DMRS Port and SCID Indication for 4 antenna ports
	One codeword: 

Codeword 0 enabled, 

Codeword 1 disabled
	Two codewords: 

Codeword 0 enabled, 

Codeword 1 enabled

	
	Message
	
	Message

	0
	1 layer, port 7 or 8, SCID=0
	0
	2 layers, ports 7-8, SCID=0,

	1
	1 layer, port 7 or 8, SCID=1
	1
	2 layers, ports 7-8,

SCID=1


Table 3 DMRS Port and SCID Indication for 2 antenna ports  (The same as the SCID bit in DCI format 2B)
Antenna port for single-antenna port transmission (one transport block disabled).

	New data indicator of the disabled transport block
	Antenna port 

	0
	7

	1
	8


2.3 TxD option in normal mode 

Note that Rel-8 kind of  TxD (i.e. SFBC based) can be supported as there is a free state when only 1 codeword is enabled as shown in tables 1&2.   This is similar as Rel-8 DCI format 2.  Therefore, the complexity increase is minimal as this is already supported in Rel-8.  This will give the flexibility for eNB to choose SFBC based TxD as the re-transmission scheme.  Also, resource allocation types 0 &1 can be used along with TxD in this case unlike format 1A in the fall back scheme.  Therefore, TxD support in normal mode is slightly preferred.
3 Conclusion

In this contribution, we discuss about the remaining issues of DCI design for Rel-10 transmission mode 9.  We have the following conclusions:
1. Define signaling tables depending on the cell-specific CSI-RS antenna ports as shown in tables 1-3. 

2. Joint coding of scrambling identity, DMRS port indication and number of layers should be supported.
3. TxD support in normal mode is slightly preferred.
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