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1 Introduction
Support for uplink spatial multiplexing has been extensively discussed in past RAN1 meetings. Similar to transmission mode 4 in Rel-8 and transmission mode 8 in Rel-9, it is possible to use dynamic switching between single layer transmission and multiple layer transmission [1]. The respective new DCI format will be referred to as DCI format 0B. The precoding information must be provided in DCI format 0B to enable codebook based MIMO transmission. As to the codebook design, the size of codebooks for all rank values has been decided, and this enables  the signalling  design for this precoder information in DCI format 0B.
2 DCI format 0B for UL MIMO 
The size of the UL codebook has been decided to be 3 bits for 2 UE transmitter antennas and 6 bits for 4 UE transmitter antennas. Such bit overhead is the same as for the DL spatial multiplexing mode (i.e. transmission mode 4) in Rel-8. Another decision related to MIMO transmission is to have 2 NDIs and 2 MCSs for the HARQ operation of 2 transport blocks. A detailed discussion on DCI format 0B is provided in [1]. 
As mentioned in [1], disabling a TB by DCI format 0B is needed to support rank-1 transmission for both SU-MIMO and MU-MIMO and also enable single TB retransmission. As to how to disable a TB by DCI format 0B, just as discussed for DL spatial multiplexing in Rel-8, the NDI for a TB may not be used for this purpose due to the possible error cases. This contribution does not considers how to disable a TB but  examines the PMI signalling in the DCI format based on number of enabled TBs. 

3 PMI signalling
According the current status in RAN1, the sizes of codebooks with 1, 2, 3, and 4 layers are 24, 16, 12 and 1 respectively. Then based on the number of enabled TBs, the total number of possible procoding matrixes can be calculated. As shown in Table 1:
· If both 2 TBs are enabled, which means at least 2 layers are present in this uplink transmission, the total number of precoding matrixes that needs to be indicated is 16+12+1=29 and 5 bits are enough.
· If only 1 TB is enabled, following the Rel-8 design for downlink spatial multiplexing (transmission mode 4), rank-1 transmission is possible for both initial transmission and retransmission, and rank-2 transmission is only allowed for retransmission of the TB transmitted using 2 layers. This means that in case 1 TB is enabled, the PMI should be able to indicate a precoder given in both codebooks of rank-1 and rank-2, the corresponding total number of precoding matrices is 24+16=40, and 6 bits are needed.
Table 1: number of precoding matrixes

	Number of precoding matrixes
	1 TB disabled, 1 TB enabled 
	2 TB enabled 

	1 layer 
	24
	

	2 layers 
	16
	16

	3 layers 
	
	12

	4 layers 
	
	1

	Total 
	40
	29


Based on above calculation, different bit overheads for precoding information are needed depending on the number of enabled TB(s). It is desirable to align the two different bit overheads. Since at least 5 bits have to be used in case 2 TBs are enabled, we discuss 2 options on how to use 5 bits to indicate precoding information for 1 TB (re)transmission. 
3.1  Option 1: No 1 CW to 2 layers mapping in grant-based retransmission
Since 2 HARQ-ACK bits will be supported for UL MIMO PUSCH, the case of 2 CW initial transmission and 1 CW retransmission can be supported by the eNB sending a (ACK, NACK) or (NACK, ACK) PHICH signal to the UE.  This has the benefit of saving PDCCH overhead but it losses the ability to do adaptive HARQ retransmission. Following this consideration, the support of 1 CW to 2 layer mapping is not necessary in the UL grant and may not be supported in order to save some states in the MIMO UL grant. For example, if the 1 CW to 2 layers mapping is not supported in a retransmission triggered by an UL grant, the number of layers is fixed to 1 for single TB (re)transmission. That is, only 24 precoding matrixes need to be signalled for the 1 CW case and 5 bits are enough. This does not mean that 1 CW to 2 layers mapping is excluded in uplink spatial multiplexing. Actually, 1 CW to 2 layers mapping can still be enabled by PHICH since 2 HARQ-ACK bits are supported. 

A summary of the number of precoding matrixes for Option 1 is provided in Table 2:
Table 2: number of precoding matrixes

	Number of precoding matrixes
	1 TB disabled, 1 TB enabled 
	2 TB enabled 

	1 layer 
	24
	

	2 layers 
	　
	16

	3 layers 
	　
	12

	4 layers 
	　
	1

	Total 
	24
	29


As discussed above, one drawback for Option 1 is that it mandates to use non-adaptive retransmission in case 1 CW to 2 layers mapping is needed. Hence, another option is considered in the next section. 
3.2  Option 2: Reuse the NDI bit of the disabled TB
As mentioned in section 2, although how to indicate TB disabling has not yet been decided, once a TB is indicated as disabled in DCI format 0B the NDI bit of this disabled TB is useless. Therefore, this NDI bit can be used to assist the precoding information signalling in DCI format 0B. Specifically, the NDI bit of the disabled TB and a 5-bit field for precoding information in DCI format 0B form 6 bits which are adequate for indicating 40 precoding matrixes. An example of option 2 is shown in Table 3.
In Table 3,  the NDI bit of the disabled TB is used to indicate the number of layers, i.e. if the NDI equals 0, the 5-bit precoding information indicates a precoding matrix with 1 layer from 24 candidates; while if NDI equals 1, the 5-bit precoding information indicates a precoding matrix with 2 layers from 16 candidates. 

Table 3: number of precoding matrixes

	Number of precoding matrixes
	1 TB disabled, 1 TB enabled 
	2 TB enabled 

	
	NDI of disabled TB is 0
	NDI of disabled TB is 1
	

	1 layer 
	24
	
	

	2 layers 
	
	16
	16

	3 layers 
	
	
	12

	4 layers 
	
	
	1

	Total 
	24
	16
	29


Compared to option 1, option 2 enables adaptive retransmission for all cases without requiring additional  overhead. Therefore, option 2 is slightly more preferable than Option 1. 
4 Conclusion 
This contribution considered the signalling of precoding information in DCI format 0B. The precoder information can be reduced from 6 bits to 5 bits. Two options were  described. Option 2 is slightly preferable as it  enables the most flexible handling of retransmissions without introducing any overhead. 
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