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1 Introduction 

In RAN1#62 the following was agreed:
· One new transmission mode is defined, supporting:

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

· DCI format extended from Format 2B

In addition, during email discussion after the meeting, the following was agreed in [1]:

· 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

2 Discussion
The following information is carried in DCI Format 2B on which Format 2C is to be based:

	Field
	Number of bits
	Comments

	CIF
	0 or 3
	

	Resource allocation header
	1
	Only present if DL BW > 10 RBs

	Resource assignment
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	PUCCH TPC
	2
	

	DAI
	0 (FDD) / 2 (TDD)
	

	HARQ Process ID
	3 (FDD) / 4 (TDD)
	

	Scrambling identity
	1
	

	MCS1
	5
	

	NDI1
	1
	

	RV1
	2
	

	MCS2
	5
	

	NDI2
	1
	

	RV2
	2
	


For DCI Format 2C, the following additional information is needed:
· DMRS port indicator

· Number of layers
Furthermore, the scrambling identity is only needed when the number of layers is 1 or 2, according to the agreements on MU-MIMO dimensioning in Rel-10. The scrambling identity nSCID is assumed to be 0 if the number of layers is greater than 2 in Rel-10.

The combinations of layers, antenna ports and scrambling ID that have to be able to be signalled are listed below:

	Number of layers
	Antenna Ports
	Scrambling ID

	1
	7
	0

	
	
	1

	
	8
	0

	
	
	1

	2
	7,8
	0

	
	
	1

	3
	7,8,9
	0

	4
	7,8,9,10
	0

	5
	7,8,9,10,11
	0

	6
	7,8,9,10,11,12
	0

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

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


It can be seen that if no joint coding is employed, 9 new values are needed, leading to a new 4-bit field in the DCI format 2C. 

However, by considering that the information on the number of enabled codewords is already available, this can be reduced to 3 bits (when 1 codeword is enabled, 5 combinations of antenna ports are needed, while with 2 codewords enabled 7 combinations of antenna ports are needed).  
It would in theory be possible to save 1 further bit by re-using the SCID field when its value is assumed to be 0. However, this seems to introduce unnecessary complexity into the DCI coding, as well as removing flexibility for forward compatibility. Further, a 1 bit saving is equivalent to a gain of just 0.08dB, which is definitely not worth pursuing in view of the disadvantages. 
We therefore propose:

· A 3-bit Antenna Port Indicator field is included in DCI Format 2C. 

· When the number of enabled codewords is 1, valid values of the Antenna Port Indicator are as follows:

	Antenna Port Indicator Value
	Number of layers
	Antenna Ports

	0
	1
	7

	1
	1
	8

	2
	2
	7,8

	3
	3
	7,8,9

	4
	4
	7,8,9,10


· When the number of enabled codewords is 2, valid values of the Antenna Port Indicator are as follows:

	Antenna Port Indicator Value
	Number of layers
	Antenna Ports

	0
	2
	7,8

	1
	3
	7,8,9

	2
	4
	7,8,9,10

	3
	5
	7,8,9,10,11

	4
	6
	7,8,9,10,11,12

	5
	7
	7,8,9,10,11,12,13

	6
	8
	7,8,9,10,11,12,13,14


· The antenna port field is not jointly coded with the SCID field. 
It has been suggested in [1] that separate formats could be considered for a maximum of 2 or 4 layers. 
For a maximum of 2 layers, the UE can be configured in transmission mode 8, so we do not see that it is necessary to define another new format limited to 2 layers. 

For a maximum of 4 layers, only 1 bit can be saved compared to what is set out above for up to 8 layers, and we therefore do not believe that this is a worthwhile optimisation in view of the additional complexity of defining another format. 
Finally, we do not see the need to include the possibility of signalling TxD with Format 2C, given that TxD can be signalled using the fallback Format 1A as already agreed. 

3 Conclusions

For the remaining details of DCI Format 2C, we propose: 
· A 3-bit Antenna Port Indicator field is included in DCI Format 2C, with values as listed above. 

· The antenna port field is not jointly coded with the SCID field. 

· No separate formats are introduced for 2 tx or 4 tx. 

· TxD is not able to be signalled using Format 2C. 
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