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1. Introduction
In RAN1 #62 meeting, the downlink transmission modes in Rel-10 and its associated downlink control signalling were discussed. As a progress, followings were agreed [1]:

· Rel-10 UEs are not prohibited from being configured in an existing transmission mode defined in Rel-8 or Rel-9

· One new transmission mode is defined, supporting:

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

· DCI format extended from Format 2B

· Consider further the potential benefits of adding a second new transmission mode, e.g. to support a compact MU-MIMO DCI format or to be more optimised for SU-MIMO up to 8 tx

       As agreed, the transmission mode 9 supporting SU-MIMO up to rank-8 and dynamic switching between SU-MIMO and MU-MIMO will be defined in Rel-10 and its associated DCI format will be extended from DCI format 2B. Therefore, further details of DCI format for the supporting new transmission mode should be defined. In addition, R1-105057 was also agreed through RAN1 e-mail reflector as follows:
· 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

· Joint coding of scrambling identity, DM-RS 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.

In this contribution, we discuss on the details of DCI format design for TM-9 to finalize downlink MIMO issues.

2. Details on DCI format for TM-9
It is agreed that DCI format 2C for TM-9 will be designed based on DCI format 2B since the TM-9 can be considered as an extension of the dual-layer beamforming by supporting higher order MIMO transmission. Since it is agreed in RAN1 61bis that the multi-user MIMO capability of TM-9 will be the same as the dual-layer beamforming so that DM-RS port indicator and scrambling ID (SCID) are also available for TM-9 as well.

In order to keep the same scheduling flexibility of dual-layer beamforming, full combinations of transport block number, DM-RS port, and SCID should be available for TM-9 in rank-1 transmission case. On top of that, additional indication for higher rank transmission up to 8 needs to be supported. Since the DM-RS port indicator is only used when the transmission rank is one and the SCID is only applicable if the transmission rank is equal to or smaller than two. The control signalling bits in the DCI format 2C can be minimized by using joint coding of the information. The following table 1 shows an example of the jointly encoded bit for 8Tx case where the DL grant status can be interpreted with the combination of NDI bit status of two transport block and explicit bit field.
Table 1. DL grant status indication with NDI and explicit field for up to 8 layer transmission
	Number of 
enabled TB 
	NDI bit of 
disabled TB
	Bit field
(3 bits)
	DL Grant Status

	One TB enabled
	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

	
	None
	2
	2 layers: DM-RS port {7,8}; SCID 0

	
	None
	3
	3 layers: DM-RS port {7,8,9}; SCID 0

	
	None
	4
	4 layers: DM-RS port {7,8,9,10}; SCID 0

	
	-
	5
	Reserved

	
	-
	6
	Reserved

	
	-
	7
	Reserved

	Two TB enabled
	None
	0
	2 layers; DM-RS port {7,8}; SCID 0

	
	None
	1
	2 layers; DM-RS port {7,8}; SCID 1

	
	None
	2
	3 layers; DM-RS port {7,8,9}; SCID 0

	
	None
	3
	4 layers; DM-RS port {7,8,9,10}; SCID 0

	
	None
	4
	5 layers; DM-RS port {7,8,9,10,11}; SCID 0

	
	None
	5
	6 layers; DM-RS port {7,8,9,10,11,12}; SCID 0

	
	None
	6
	7 layers; DM-RS port {7,8,9,10,11,12,13}; SCID 0

	
	None
	7
	8 layers; DM-RS port {7,8,9,10,11,12,13,14}; SCID 0


        Since the two layer transmission with single codeword is only used for retransmission case, it would be the natural extension to use SCID=0 only.
        The tables 2 and 3 show the DL grant status when the maximum transmission layers are 4 and 2, respectively. As seen in the tables, the 2bit and 1bit field seems to be respectively required for 4 layers and 2 layers cases. Since the number of control signaling bits can be reduced, separate tables for each case can be defined in the specification. 
Table 2. DL grant status indication with NDI and explicit bit field for up to 4 layer transmission

	Number of 
enabled TB 
	NDI bit of 
disabled TB
	Bit field
(2 bits)
	DL Grant Status

	One TB enabled
	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

	
	None
	2
	2 layers: DM-RS port {7,8}; SCID 0

	
	-
	3
	Reserved

	Two TB enabled
	None
	0
	2 layers; DM-RS port {7,8}; SCID 0

	
	None
	1
	2 layers; DM-RS port {7,8}; SCID 1

	
	None
	2
	3 layers; DM-RS port {7,8,9}; SCID 0

	
	None
	3
	4 layers; DM-RS port {7,8,9,10}; SCID 0


Table 3. DL grant status indication with NDI and explicit bit field for up to 2 layer transmission

	Number of 
enabled TB 
	NDI bit of 
disabled TB
	Bit field
(1 bits)
	DL Grant Status

	One TB enabled
	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

	Two TB enabled
	None
	0
	2 layers; DM-RS port {7,8}; SCID 0

	
	None
	1
	2 layers; DM-RS port {7,8}; SCID 1


Proposal: joint coding of rank, DM-RS port indicator, and SCID seems to be appropriate to minimize control signalling bits and separate tables according to the maximum transmission rank cases such as 2, 4, and 8 needs to be defined.

3. Transmit Diversity Fall-back
As agreed, DCI format 1A based fall-back is supported in TM 9 as used in all other transmission modes defined in Rel-8/9. In addition, transmit diversity scheme is also used for all transmission modes with DCI format 1A as far as the number of CRS port is larger than one since the transmit diversity scheme provides significant diversity gain compared with other transmission scheme so that robust transmission is possible. Therefore, it seems to be quite natural to reuse transmit diversity scheme defined in Rel-8 for DCI format 1A for transmission 9 as well.
Proposal: transmit diversity scheme should be reused for DCI format 1A based fall-back in TM 9

On the other hand, the benefit of transmit diversity fall-back with DCI format 2C seems to be unclear considering that TxD fall-back with DCI format 1A is always possible. The major difference of the TxD fall-back with DCI format 2C could be that the TB selection would be possible when the number of TB is changed from two to one for TxD fall-back transmission. Since this case can be considered as a corner case, it is slightly preferred not to employ TxD fall-back for DCI format 2C.
Proposal: TxD scheme is not used in the DCI format 2C as a fall-back transmission scheme
4. Conclusions

In this contribution, we discussed the remaining details on DCI format 2C for transmission mode 9. From the discussions, our preference can be summarized as follows:

· Joint encoding of rank, DM-RS port indicator, and SCID seems to be appropriate to minimize control signalling bits and separate tables according to the maximum transmission rank cases such as 2, 4, and 8 needs to be defined.
· Transmit diversity scheme should be reused for DCI format 1A based fall-back in TM 9
· TxD scheme is not used in the DCI format 2C as a fall-back transmission scheme.
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