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1 Introduction
In RAN1#62, a way forward on the transmission mode and the DCI design for Rel-10 DL MIMO was agreed [1]. It has been agreed that a new transmission mode (mode 9) will support SU-MIMO up to rank-8 as well as SU/MU dynamic switching. Much of the details of the corresponding DCI format (format 2C), have been left open, e.g. encoding of scrambling identity, DM RS port and the number of layers, transmit diversity (TxD) support and the design of the signalling table. In this contribution, we present our views on these remaining details of DCI format 2C.
2 Discussions
2.1 Encoding of scrambling identity, DM RS port and the number of layers
The design of DCI format 2C has been discussed extensively in several past contributions, e.g.[2][3]

 REF _Ref273113204 \n \h 
[4]

 REF _Ref273112335 \n \h 
[5]. One of the open issues is how to encode information such as the scrambling identity, the number of layers assigned and the DM RS port indication for single antenna port transmission to support dynamic SU and MU-MIMO operation. We agree with the majority view that the information encoding should be dependent on the number of transport blocks that are enabled, as in Rel-8 DCI format 2 and 2A. A transport block is disabled if its 
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In our view, jointly encoding the number of layers and scrambling identity and reuse NDI of disabled transport block to indicate DM RS port 7 or 8 for single antenna port transmission as in DCI format 2B should be the preferred design. This approach can be seen as just extending the scrambling identify field of DCI format 2B, so it achieves maximum reuse of DCI format 2B design.
This approach also achieves the smallest DCI format size. If different signaling tables are defined for different maximum number of layers, the DCI format size is even smaller than what is possible by jointly encoding scrambling identity, the number of layers and the DM RS port indication. For example, if the maximum number of layers is 4, 3 bits are required to jointly encode all information as shown in Table 1; whereas only 2 bits are needed if joint encoding is only done on the scrambling ID and the number of layers (Table 4).
Table 1: Joint encoding of scrambling ID, DM RS port indication and the number of layers (maximum of 4 layers)
	One codeword: 

Codeword 0 enabled, 

Codeword 1 disabled
	Two codewords: 

Codeword 0 enabled, 

Codeword 1 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	1 layer, SC-ID=0, port 7
	0
	2 layers, SC-ID=0

	1
	1 layer, SC-ID=0, port 8
	1
	2 layers, SC-ID=1

	2
	1 layer, SC-ID=1, port 7
	2
	3 layers

	3
	1 layer, SC-ID=1, port 8
	3
	4 layers

	4
	2 layers, SC-ID=0
	4
	reserved

	5
	2 layers, SC-ID=1
	5
	reserved

	6
	Reserved
	6
	reserved

	7
	Reserved
	7
	reserved


Proposal 1:
· Joint encoding of the number of layers and scrambling identity. 
· Reuse NDI of disabled transport block to indicate DM RS port 7 or 8 for single antenna port transmission as in DCI format 2B.

2.2 Support of Transmit Diversity Scheme
Another FFS issues for DCI format 2C is whether or not to support transmit diversity option in this DCI format. In our view, the support of transmit diversity scheme is not needed for DCI format 2C for the following reasons:

· DCI format 1A already provides efficient support of transmit diversity scheme with compact overhead.
· Transmit diversity scheme is not supported in DCI format 2B and this has never been an issue in Rel-9. There is a lack of justification why it would be needed for DCI format 2C in Rel-10.
Proposal 2:

· No support of transmit diversity scheme in DCI format 2C.
2.3 Signaling Table Design 
An open issue with the signaling table design is whether to define different signaling depending on the number of layers. In our view, it is desirable to have different signaling table for different maximum number of transmission layers, if some DL signaling overhead can be saved as a result. This is also the principle followed in Rel-8. Having a single table that supports up to 8 layers is wasteful in terms of the signaling overhead since the prioritized antenna configuration in Rel-10 is the 2 or 4 TX antennas and not the 8 TX antennas.
It has been proposed that the signaling table can also be dependent on the number of layers that the UE is capable of receiving [5]. This will result in UE-specific DCI format sizes for the same format in a cell. Since this can save 1 or 2 bits overhead for low capability UEs, we agree that the signaling table should be dependent on the maximum number of layers that can be assigned by the eNB to the UE, determined by the eNB’s and the UE’s antenna configurations. For maximum of 2 layers, DCI format 2C and DCI format 2B are effectively the same.
Proposal 3:

· Define signaling tables for layer indication depending on the maximum number of layers that can be assigned by the eNB to the UE, i.e. 2, 4 and 8 layers, determined by the eNB’s and the UE’s antenna configurations.
Based on the discussions above as well as Proposals 1, 2 and 3, the details of signaling tables for DCI format 2C are shown in Table 3 to Table 6. The resulting number of bits is shown in Table 2.
Table 2: Number of bits for layer indication (Proposed)
	Maximum number of layers
	Number of bits for layer indication

	2
	1

	4
	2

	8
	3


Table 3: Content of layer indication field for maximum of 2 layers (Proposed)
	One codeword: 

Codeword 0 enabled, 

Codeword 1 disabled
	Two codewords: 

Codeword 0 enabled, 

Codeword 1 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	1 layer, SC-ID=0
	0
	2 layers, SC-ID=0

	1
	1 layer, SC-ID=1
	1
	2 layers, SC-ID=1


Table 4: Content of layer indication field for maximum of 4 layers (Proposed)
	One codeword: 

Codeword 0 enabled, 

Codeword 1 disabled
	Two codewords: 

Codeword 0 enabled, 

Codeword 1 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	1 layer, SC-ID=0
	0
	2 layers, SC-ID=0

	1
	1 layer, SC-ID=1
	1
	2 layers, SC-ID=1

	2
	2 layers, SC-ID=0
	2
	3 layers

	3
	2 layers, SC-ID=1
	3
	4 layers


Table 5: Content of layer indication field for maximum of 8 layers (Proposed)
	One codeword: 

Codeword 0 enabled, 

Codeword 1 disabled
	Two codewords: 

Codeword 0 enabled, 

Codeword 1 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	1 layer, SC-ID=0
	0
	2 layers, SC-ID=0

	1
	1 layer, SC-ID=1
	1
	2 layers, SC-ID=1

	2
	2 layers, SC-ID=0
	2
	3 layers

	3
	2 layers, SC-ID=1
	3
	4 layers

	4
	3 layers
	4
	5 layers

	5
	4 layers
	5
	6 layers

	6
	Reserved
	6
	7 layers

	7
	Reserved
	7
	8 layers


Table 6: Antenna port for single-antenna port transmission (one transport block disabled) (Proposed)
	New data indicator of the disabled transport block
	Antenna port 

	0
	7

	1
	8


Proposal 4:

· Adopt Table 3, Table 4, Table 5 and Table 6 as the signaling tables for DCI format 2C.
3 Conclusions
In this contribution, we presented our views on the remaining details of DCI format 2C. Our proposals are summarised below:
Proposal 1:

· Joint encoding of the number of layers and scrambling identity. 

· Reuse NDI of disabled transport block to indicate DM RS port 7 or 8 for single antenna port transmission as in DCI format 2B.

Proposal 2:

· No support of transmit diversity scheme in DCI format 2C.

Proposal 3:

· Define signaling tables for layer indication depending on the maximum number of layers that can be assigned by the eNB to the UE, i.e. 2, 4 and 8 layers, determined by the eNB’s and the UE’s antenna configurations.
Proposal 4:

· Adopt Table 3, Table 4, Table 5 and Table 6 as the signaling tables for DCI format 2C.
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