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1. Introduction

In the previous meeting, a way forward was submitted to address the DCI format design for enhanced downlink MIMO transmission [1]. The following content was agreed

· 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.

Based on the above agreement, a new DCI format will be defined for transmission mode 9 to support SU-MIMO up to rank-8 and SU/MU dynamic switching. Basically, we propose to introduce two additional bits as auxiliary rank information and base the design on the information content in DCI format 2B. In this contribution, we will share our views on details of DCI format design and the joint coding of two bits with scrambling identity (SI), DMRS port and number of layers. 
2. DCI format design
The new DCI format in Rel-10 is defined as an extension to Rel-9 DCI format 2B, where most of the signaling content can be re-used and the MU-MIMO dimensioning is completely inherited. Information content copied from DCI format 2B includes max two codewords, resource allocation, HARQ processing, TPC command, etc. The main effort is to support signaling of rank of up to 8. In order to keep a consistent naming rule, the new DCI format in Rel-10 is  named DCI format 2C.
Observation:
· The new DCI format for transmission mode 9 is called 2C
2.1. Details of DCI format 2C

The 1-bit scrambling identity (SI) present in DCI format 2B is only used for rank 1 and 2, according to the agreed MU-MIMO dimensioning. Hence, the 1-bit SI is free to be used for SU rank 3-8 in DCI format 2C. In order to keep a unified design between SU rank 3-8 and rank 1-2 SU/MU switching, we propose to introduce two additional bits as auxiliary rank information with joint coding with the 1-bit SI to distinguish different cases in DCI format 2C. A corresponding signaling table for DCI format 2C can be found in the Table 1 and Table 2.
· Case-1: One codeword - Codeword 0 or 1 enabled. The scope includes two application cases, i.e. rank 1 transmission for SU or MU and single codeword retransmission with up to rank 4. For this case, we propose to use two bits with the 1-bit SI for joint coding. This allows aligning the usage of two bits for SU rank 3-8 (as described in case-2 below). Table 1 shows the details of the joint coding approach. 
Table 1
Joint coding for only one enabled codeword
	Two bits (aux rank info)
	SI
	Message

	(0 0)
	0/1
	1 layer on antenna port 7 with scrambling index=SI

	(0 1)
	0/1
	1 layer on antenna port 8 with scrambling index=SI

	(1 0)
	0/1
	2 layers on antenna ports 7, 8 with scrambling index=SI  

	(1 1)
	0
	3 layers on antenna ports 7, 8, 9

	(1 1)
	1
	4 layers on antenna ports 7, 8, 9, 10


· Case-2: Both codewords - Codeword 0 and 1 enabled. The scope includes two application cases too, i.e. rank 2 SU/MU transmission and SU-MIMO rank 3-8. For this case, we propose to use two bits with the 1-bit SI for joint coding, as shown in Table-2. 
Table 2
Joint coding for both enabled codewords
	Two bits (aux rank info)
	SI
	Message

	(0 0) 
	0/1
	2 layers on antenna ports 7, 8, scrambling index=SI

	(0 1)
	0
	3 layers on antenna ports 7, 8, 9

	(0 1)
	1
	4 layers on antenna ports 7, 8, 9, 10

	(1 0)
	0
	5 layers on antenna ports 7, 8, 9, 10, 11

	(1 0)
	1
	6 layers on antenna ports 7, 8, 9, 10, 11, 12

	(1 1)
	0
	7 layers on antenna ports 7, 8, 9, 10, 11, 12, 13

	(1 1)
	1
	8 layers on antenna ports 7, 8, 9, 10, 11, 12, 13, 14


Proposal:
· Two additional bits are introduced in DCI format 2C

· Joint coding of the  two bits with the 1-bit SI shown in Table 1 and Table-2 is proposed

The designed DCI format 2C should be transparent to different MIMO configurations at eNB side, e.g. 2Tx, 4Tx and 8Tx. In addition, Rel-10 is targeting for higher layer transmission with higher-order MIMO configuration and the signaling saving for 2Tx and 4Tx seems marginal compared with the challenges of handling additional DCI formats. So, we propose to maintain the present agreement of having one DCI format that can handle the different antenna options. In addition, the value of adding a TxD option in DCI format 2C is not clear since DCI format 1A with TxD is already available as fallback scheme for handling abnormal cases. 
Proposal:
· Present agreement of having one DCI format for handling all antenna options is maintained

· One unified signaling table shown in Table-1 and Table-2 is proposed for handling all MIMO applications
· No need to include TxD option in DCI format 2C

3. DCI format design
Based on the above discussion and analysis, we propose:

· Two additional bits are introduced in DCI format 2C

· Joint coding of the two bits with the 1-bit SI shown in Table 1 and Table-2 is proposed

· One unified signaling table shown in Table-1 and Table-2 is proposed for handling all MIMO applications
· No need to include TxD option in DCI format 2C
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