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In the RAN1#91 meeting, the following agreements related to the size of MIMO-related field have been achieved [1]
Agreement:
The size of MIMO-related field (e.g., TPMI information for precoding, precoding information) in DL sDCI format is the same as that in legacy LTE.
In [2], the number of bits for precoding information are as following:
5.3.3.1.19	Format 7-1C
…
- Precoding information – number of bits as the value specified in Table 5.3.3.1.5-3 plus 1. 
In [2], the precoding information included in DCI format 7-1C are presented in Table 1 and Table 2:
[bookmark: _Ref505097548]Table 1. Content of current precoding information field for 2 antenna ports in DCI format 7-1C
	Bit field mapped to index
	Message

	0
	2 layers: Transmit diversity

	1
	
1 layer: Precoding corresponding to precoding vector 

	2
	
1 layer: Precoding corresponding to precoder vector 

	3
	
1 layer: Precoding corresponding to precoder vector 

	4
	
1 layer: Precoding corresponding to precoder vector 

	5
	
1 layer: Precoding according to the latest PMI report on PUSCH, using the precoder(s) indicated by the reported PMI(s),if RI=2 was reported, using 1st column multiplied by of all precoders implied by the reported PMI(s)

	6
	
1 layer: Precoding according to the latest PMI report on PUSCH, using the precoder(s) indicated by the reported PMI(s),if RI=2 was reported, using 2nd column multiplied by of all precoders implied by the reported PMI(s)

	7
	
2 layers: Precoding corresponding to precoder matrix 

	8
	
2 layers: Precoding corresponding to precoder matrix 

	9
	2 layers: Precoding according to the latest PMI report on PUSCH, using the precoder(s) indicated by the reported PMI(s)

	10~15
	reserved



[bookmark: _Ref505097550]Table 2. Content of current precoding information field for 4 antenna ports in DCI format 7-1C
	Bit field mapped to index
	Message

	0
	4 layers: Transmit diversity

	1
	1 layer: TPMI=0

	2
	1 layer: TPMI=1

	

	


	16
	1 layer: TPMI=15

	17
	1 layer: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	18
	2 layers: TPMI=0

	19
	2 layers: TPMI=1

	

	


	33
	2 layers: TPMI=15

	34
	2 layers: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	35
	3 layers: TPMI=0

	36
	3 layers: TPMI=1

	

	


	50
	3 layers: TPMI=15

	51
	 3 layers: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	52
	4 layers: TPMI=0

	53
	4 layers: TPMI=1

	
	


	67
	4 layers: TPMI=15

	68
	4 layers: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	69~127
	reserved



In this contribution, we discuss precoding information related aspects for DL sTTI transmission.
[bookmark: _Ref129681832]MIMO-related fields
Comparing Table 1 and Table 2 with other precoding information tables for legacy LTE in [2], one extra bit is added to indicate the precoding information in DCI format 7-1C. However, almost half of the indices in Table 1 and Table 2 are not used, so the added one bit seems redundant and can be removed by getting rid of a few indices in these two tables.
For Table 1, three indices of precoding according to the latest PMI report on PUSCH can be combined as “Precoding according to the latest PMI report on PUSCH, using the precoder(s) indicated by the reported PMI(s)”, since optimum number of layers is also reported by UE and sPDSCH can use the reported number of layers. Thus, Table 1 can be revised as below:









[bookmark: _Ref505101479]Table 3. Contents of proposed precoding information field for 2 antenna ports in DCI format 7-1C
	Bit field mapped to index
	Message

	0
	2 layers: Transmit diversity

	1
	
1 layer: Precoding corresponding to precoding vector 

	2
	
1 layer: Precoding corresponding to precoder vector 

	3
	
1 layer: Precoding corresponding to precoder vector 

	4
	
1 layer: Precoding corresponding to precoder vector 

	5
	
2 layers: Precoding corresponding to precoder matrix 

	6
	
2 layers: Precoding corresponding to precoder matrix 

	7
	Precoding according to the latest PMI report on PUSCH, using the precoder(s) indicated by the reported PMI(s)



Proposal 1: Adopt the following corrections for the precoding information field for 2 antenna ports in DCI format 7-1C:
Table 5.3.3.1.19-1: Content of precoding information field for 2 antenna ports
	Bit field mapped to index
	Message

	0
	2 layers: Transmit diversity

	1
	
1 layer: Precoding corresponding to precoding vector 

	2
	
1 layer: Precoding corresponding to precoder vector 

	3
	
1 layer: Precoding corresponding to precoder vector 

	4
	
1 layer: Precoding corresponding to precoder vector 

	5
	1 layer: 
Precoding according to the latest PMI report on PUSCH, using the precoder(s) indicated by the reported PMI(s),

if RI=2 was reported, using 1st column multiplied by of all precoders implied by the reported PMI(s)

	6
	1 layer:
Precoding according to the latest PMI report on PUSCH, using the precoder(s) indicated by the reported PMI(s),

if RI=2 was reported, using 2nd column multiplied by of all precoders implied by the reported PMI(s)

	75
	
2 layers: Precoding corresponding to precoder matrix 

	86
	
2 layers: Precoding corresponding to precoder matrix 

	97
	2 layers: Precoding according to the latest PMI report on PUSCH, using the precoder(s) indicated by the reported PMI(s)


	10~15
	reserved



For Table 2, to remove the additional one bit, 5 indices need to be deleted. With similar reason as for 2-port case, the indices of precoding according to the latest PMI report on PUSCH can be combined. In addition, since the transmission with large number of layers (i.e., 3 or 4 layer) is rarer than that with fewer layers, and has less impact on both the cell and the UE performance by using MU-MIMO, a few indices for 3 or 4 layers transmission can be deleted. However, to maintain the peak data rate of codebook-based DL transmission, the indices for 4 layers transmission should be retained. Therefore, a few indices for 3 layer transmission should be deleted as shown in Table 4.
[bookmark: _Ref505106884][bookmark: _Ref505800138]Table 4. Contents of proposed precoding information field for 4 antenna ports in DCI format 7-1C
	Bit field mapped to index
	Message

	0
	4 layers: Transmit diversity

	1
	1 layer: TPMI=0

	2
	1 layer: TPMI=1

	

	


	16
	1 layer: TPMI=15

	17
	1 layer: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	18
	2 layers: TPMI=0

	19
	2 layers: TPMI=1

	

	


	33
	2 layers: TPMI=15

	34
	2 layer: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	35
	3 layers: TPMI=0

	36
	3 layers: TPMI=1

	

	


	42
	3 layers: TPMI=7

	43
	3 layer: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	44
	4 layer: TPMI=0

	45
	4 layer: TPMI=1

	

	


	59
	4 layer: TPMI=15

	60
	4 layer: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)



Proposal 2: Adopt the following corrections for the precoding information field for 4 antenna ports in DCI format 7-1C:
Table 5.3.3.1.19-2: Content of precoding information field for 4 antenna ports
	Bit field mapped to index
	Message

	0
	4 layers: Transmit diversity

	1
	1 layer: TPMI=0

	2
	1 layer: TPMI=1

	

	


	16
	1 layer: TPMI=15

	17
	1 layer: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	18
	2 layers: TPMI=0

	19
	2 layers: TPMI=1

	

	


	33
	2 layers: TPMI=15

	34
	2 layers: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	35
	3 layers: TPMI=0

	36
	3 layers: TPMI=1

	

	


	5042
	3 layers: TPMI=157

	5143
	 3 layers: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	5244
	4 layers: TPMI=0

	5345
	4 layers: TPMI=1

	
	


	6759
	4 layers: TPMI=15

	6860
	4 layers: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	6961~12763
	reserved




Conclusion
Based on the above discussion, we have the following proposals:
Proposal 1: Adopt the following corrections for the precoding information field for 2 antenna ports in DCI format 7-1C:
Table 5.3.3.1.19-1: Content of precoding information field for 2 antenna ports
	Bit field mapped to index
	Message

	0
	2 layers: Transmit diversity

	1
	
1 layer: Precoding corresponding to precoding vector 

	2
	
1 layer: Precoding corresponding to precoder vector 

	3
	
1 layer: Precoding corresponding to precoder vector 

	4
	
1 layer: Precoding corresponding to precoder vector 

	5
	1 layer: 
Precoding according to the latest PMI report on PUSCH, using the precoder(s) indicated by the reported PMI(s),

if RI=2 was reported, using 1st column multiplied by of all precoders implied by the reported PMI(s)

	6
	1 layer:
Precoding according to the latest PMI report on PUSCH, using the precoder(s) indicated by the reported PMI(s),

if RI=2 was reported, using 2nd column multiplied by of all precoders implied by the reported PMI(s)

	75
	
2 layers: Precoding corresponding to precoder matrix 

	86
	
2 layers: Precoding corresponding to precoder matrix 

	97
	2 layers: Precoding according to the latest PMI report on PUSCH, using the precoder(s) indicated by the reported PMI(s)


	10~15
	reserved



Proposal 2: Adopt the following corrections for the precoding information field for 4 antenna ports in DCI format 7-1C:
Table 5.3.3.1.19-2: Content of precoding information field for 4 antenna ports
	Bit field mapped to index
	Message

	0
	4 layers: Transmit diversity

	1
	1 layer: TPMI=0

	2
	1 layer: TPMI=1

	

	


	16
	1 layer: TPMI=15

	17
	1 layer: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	18
	2 layers: TPMI=0

	19
	2 layers: TPMI=1

	

	


	33
	2 layers: TPMI=15

	34
	2 layers: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	35
	3 layers: TPMI=0

	36
	3 layers: TPMI=1

	

	


	5042
	3 layers: TPMI=157

	5143
	 3 layers: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	5244
	4 layers: TPMI=0

	5345
	4 layers: TPMI=1

	
	


	6759
	4 layers: TPMI=15

	6860
	4 layers: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	6169~63127
	reserved
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