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Background
In RAN plenary #94e, the work item on MIMO Evolution for Downlink and Uplink was approved [1]. According to the WID, the following work item needs to be studied, and if justified, specified.
5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.

In this contribution, we share our views on 8TX UL transmission.

Discussions
1.1. Codebook design for partial/non-coherent
For layer splitting, the following agreements were achieved.
	Agreement
Confirm the Working Assumption with revision,
For partially coherent uplink precoding by an 8TX UE, Ng=2, 
· At least the following combinations of layer splitting are supported
· FFS: For rank>4, all the layers for each CW is mapped to only one antenna group
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(1,2), (2,1)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2)

	5
	· 
	[(2,3), (3,2)]

	6
	· 
	(3,3)

	7
	· 
	[(3,4), (4,3)]


The part in square brackets is still Working Assumption
Note: At least one permutation will be selected in RAN1#114.

Agreement (#112)
For partially coherent uplink precoding by an 8TX UE codebook, Ng=2, 
· Following rank and layer splitting cases are supported
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	1
	(1,0), (0,1)
	· 

	8
	· 
	(4,4)



· Select from the following cases based on the performance and overall DCI overhead
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(2,1), (1,2)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2), (3,1), (1,3)

	5
	· 
	(4,1), (1,4), (2,3), (3,2)

	6
	· 
	(4,2), (2,4), (3,3)

	7
	· 
	(4,3), (3,4)


Note: Above is not relevant to how precoders are indicated.
Working Assumption (#112b-e)
For partially coherent uplink precoding by an 8TX UE, Ng=2, 
· At least the following combinations of layer splitting are supported
· FFS: For rank>4, all the layers for each CW is mapped to only one antenna group
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(1,2), (2,1)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2)

	5
	· 
	(2,3), (3,2)

	6
	· 
	(3,3)

	7
	· 
	(3,4), (4,3)



Agreement
For partially coherent uplink precoding by an 8TX UE, Ng=4, 
· The following rank and layer splitting cases are supported,
	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups
(All possible permutations)

	3
	· 
	Transmission by 2 of the 4 antenna groups:
(2,1,0,0), (2,0,1,0), (2,0,0,1), (0,2,1,0), (0,2,0,1), (0,0,2,1),
 
Transmission by 3 of the 4 antenna groups:
(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)

	5
	·  
	Transmission by 3 of the antenna groups:
(2,0,2,1), (0,2,2,1),  
 
Transmission by 4 of the 4 antenna groups:
(1,1,2,1)

	6
	·  
	Transmission by 3 of the 4 antenna groups:
(2,2,2,0), (2,0,2,2)
 
Transmission by 4 of the 4 antenna groups:
(2,1,2,1)

	7
	· 
	Transmission by 4 of the 4 antenna groups:
(2,1,2,2)



Agreement (#112b-e)
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, 
· The following rank and layer splitting cases are supported,
	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups

	1
	(1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1)
	·  

	2
	(2,0,0,0), (0,2,0,0), (0,0,2,0), (0,0,0,2)
	·  

	2
	· 
	Transmission by 2 of the 4 antenna groups:
(1,1,0,0), (1,0,1,0), (1,0,0,1)
(0,1,1,0), (0,1,0,1), (0,0,1,1)

	4
	·  
	(1,1,1,1)

	4
	· 
	Transmission by 2 of the 4 antenna groups:
(2,2,0,0), (2,0,2,0), (2,0,0,2)
(0,2,2,0), (0,2,0,2), (0,0,2,2)

	8
	·  
	(2, 2, 2, 2)



Agreement (#112b-e)
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, 
· In addition to the previously agreed cases, down-select from the rank and layer splitting cases listed below 
	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups
(All possible permutations)

	3
	· 
	Transmission by 2 of the 4 antenna groups:
(2,1,0,0), (2,0,1,0), (2,0,0,1), (0,2,1,0), (0,2,0,1), (0,0,2,1),
(1,2,0,0), (1,0,2,0), (1,0,0,2), (0,1,2,0), (0,1,0,2), (0,0,1,2)
 
Transmission by 3 of the 4 antenna groups:
(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)

	4
	· 
	Transmission by 3 of the 4 antenna groups:
(2,1,1,0), (0,2,1,1), (1,0,2,1), (1,1,0,2)
(1,2,1,0), (1,1,2,0), (0,1,2,1), (0,1,1,2), (1,0,1,2), (2,0,1,1), (2,1,0,1), (1,2,0,1)

	5
	·  
	Transmission by 3 of the antenna groups:
(2,2,1,0), (2,2,0,1), (2,0,2,1), (0,2,2,1),  
(2,1,2,0), (1,2,2,0), (2,1,0,2), (1,2,0,2), (2,0,1,2), (1,0,2,2), (0,2,1,2), (0,1,2,2)
 
Transmission by 4 of the 4 antenna groups:
(1,1,2,1), (1,1,1,2), (2,1,1,1), (1,2,1,1)

	6
	·  
	Transmission by 3 of the 4 antenna groups:
(2,2,2,0), (2,2,0,2), (2,0,2,2), (0,2,2,2)
 
Transmission by 4 of the 4 antenna groups:
(2,1,2,1), (1,2,1,2), (1,2,2,1), (2,1,1,2), (2,2,1,1), (1,1,2,2

	7
	· 
	Transmission by 4 of the 4 antenna groups:
(2,1,2,2), {(2,2,2,1), (1,2,2,2), (2,2,1,2)







We need to consider the TPMI overhead to determine the supported layer splitting of the codebook design for partial coherent. Through the discussion so far, there is common understanding that need to reduce the TPMI overhead. The overhead become an issue especially for the partial-coherent codebook. In the case as the partial-coherent precoding structure consist of two precoding matrices taken from Rel-15 4TX UL codebook (A1, A2 described as observation 1), it needs as two times as the conventional TPMI overhead. As the codebook Subset is same as existing configuration (E.g. codebookSubset=fullyAndPartialAndNonCoherent), the number of PMI candidates become 62 for each 4TX UL codebook. Considered when the rank(A1) or the rank(A2) is 0, the total number of TPMI is 63*63-1 = 3968 for 8TX partial-coherent codebook. This TPMI indication needs 12 bits.
Table 1: Number of PMI candidate of 4TX UL codebook for each coherence type
	　
	FC
	PC
	NC
	FCPCNC

	Rank 1
	16
	8
	4
	28

	Rank 2
	8
	8
	6
	22

	Rank 3
	4
	2
	1
	7

	Rank 4
	2
	2
	1
	5

	sum
	30
	20
	12
	62



Table 2: Number of PMI candidate of 2TX UL codebook for each coherence type
	　
	FC
	NC(PC)
	FCPCNC

	Rank 1
	4
	2
	6

	Rank 2
	2
	1
	3

	sum
	6
	3
	9



On the other hand, if codebookSubset is separated by one coherent capability, the total number of TPMI is 31*31-1 = 960, which needs 10 bits. In other words, 2 bits of overhead can be reduced. Therefore, the codebookSubset should be separated so that the codebookSubset contains only one coherent capability.
Observation 1: A separated codebookSubset can reduce the TPMI overhead.
Also, when 8TX UL codebook consists of four 2TX UL codebooks for Ng=4, the total number of TPMI is 10*10*10*10-1 = 9999, which needs 14 bits. Even if only TPMIs corresponding to fully-coherent were included, the total number of TPMI would be as large as 7*7*7*7-1 = 2400 which needs 12bits. 
For L1 = rank(A1) and L2 = rank(A2), the PMI candidates for each rank combination is shown in the tables below. Since the number of candidates becomes large when all rank combinations are considered, it is expected to reduce the number of PMI candidates by supporting only some combinations. That is the intention for layer splitting.
Table 3: Number of PMI candidates of 4TX UL codebook for each rank combination corresponding to FC precoder (colored with agreed or discussed state)
	maxRank
	L1
	L2
	　
	N(A1)
	N(A2)
	N(A1)*N(A2)
	sum

	1
	1
	
	　
	16
	1
	16
	32

	　
	
	1
	　
	1
	16
	16
	　

	2
	2
	
	　
	8
	1
	8
	272

	　
	1
	1
	　
	16
	16
	256
	　

	　
	
	2
	　
	1
	8
	8
	　

	3
	3
	
	　
	4
	1
	4
	264

	　
	2
	1
	　
	8
	16
	128
	　

	　
	1
	2
	　
	16
	8
	128
	　

	　
	
	3
	　
	1
	4
	4
	　

	4
	4
	
	　
	2
	1
	2
	196

	　
	3
	1
	　
	4
	16
	64
	　

	　
	2
	2
	　
	8
	8
	64
	　

	　
	1
	3
	　
	16
	4
	64
	　

	　
	
	4
	　
	1
	2
	2
	　

	5
	4
	1
	　
	2
	16
	32
	128

	　
	3
	2
	　
	4
	8
	32
	　

	　
	2
	3
	　
	8
	4
	32
	　

	　
	1
	4
	　
	16
	2
	32
	　

	6
	4
	2
	　
	2
	8
	16
	48

	　
	3
	3
	　
	4
	4
	16
	　

	　
	2
	4
	　
	8
	2
	16
	　

	7
	4
	3
	　
	2
	4
	8
	16

	　
	3
	4
	　
	4
	2
	8
	　

	8
	4
	4
	　
	2
	2
	4
	4

	
	
	
	
	
	
	total
	960



Table 4: Number of PMI candidates of 2TX UL codebook for each rank combination corresponding to FC precoder (colored with agreed state)
	maxRank
	L1
	L2
	L3
	L4
	　
	N(A1)
	N(A2)
	N(A3)
	N(A4)
	N(A1)* N(A2)* N(A3)* N(A4)
	sum

	1
	1
	
	
	　
	　
	4
	1
	1
	1
	4
	16

	　
	
	1
	
	　
	　
	1
	4
	1
	1
	4
	　

	　
	
	
	1
	　
	　
	1
	1
	4
	1
	4
	　

	　
	　
	　
	　
	1
	　
	1
	1
	1
	4
	4
	　

	2
	2
	　
	　
	　
	　
	2
	1
	1
	1
	2
	104

	　
	
	2
	
	　
	　
	1
	2
	1
	1
	2
	　

	　
	
	
	2
	　
	　
	1
	1
	2
	1
	2
	　

	　
	
	
	
	2
	　
	1
	1
	1
	2
	2
	　

	　
	1
	1
	
	　
	　
	4
	4
	1
	1
	16
	　

	　
	1
	
	1
	　
	　
	4
	1
	4
	1
	16
	　

	　
	1
	
	
	1
	　
	4
	1
	1
	4
	16
	　

	　
	
	1
	1
	　
	　
	1
	4
	4
	1
	16
	　

	　
	
	1
	
	1
	　
	1
	4
	1
	4
	16
	　

	　
	　
	　
	1
	1
	　
	1
	1
	4
	4
	16
	　

	3
	2
	1
	
	　
	　
	2
	4
	1
	1
	8
	352

	　
	2
	
	1
	　
	　
	2
	1
	4
	1
	8
	　

	　
	2
	
	
	1
	　
	2
	1
	1
	4
	8
	　

	　
	1
	2
	
	　
	　
	4
	2
	1
	1
	8
	　

	　
	
	2
	1
	　
	　
	1
	2
	4
	1
	8
	　

	　
	
	2
	
	1
	　
	1
	2
	1
	4
	8
	　

	　
	1
	
	2
	　
	　
	4
	1
	2
	1
	8
	　

	　
	
	1
	2
	　
	　
	1
	4
	2
	1
	8
	　

	　
	
	
	2
	1
	　
	1
	1
	2
	4
	8
	　

	　
	1
	
	
	2
	　
	4
	1
	1
	2
	8
	　

	　
	
	1
	
	2
	　
	1
	4
	1
	2
	8
	　

	　
	
	
	1
	2
	　
	1
	1
	4
	2
	8
	　

	　
	1
	1
	1
	　
	　
	4
	4
	4
	1
	64
	　

	　
	1
	1
	
	1
	　
	4
	4
	1
	4
	64
	　

	　
	1
	
	1
	1
	　
	4
	1
	4
	4
	64
	　

	　
	　
	1
	1
	1
	　
	1
	4
	4
	4
	64
	　

	4
	2
	2
	　
	　
	　
	2
	2
	1
	1
	4
	664

	　
	2
	
	2
	　
	　
	2
	1
	2
	1
	4
	　

	　
	2
	
	
	2
	　
	2
	1
	1
	2
	4
	　

	　
	
	2
	2
	　
	　
	1
	2
	2
	1
	4
	　

	　
	
	2
	
	2
	　
	1
	2
	1
	2
	4
	　

	　
	
	
	2
	2
	　
	1
	1
	2
	2
	4
	　

	　
	2
	1
	1
	　
	　
	2
	4
	4
	1
	32
	　

	　
	2
	1
	
	1
	　
	2
	4
	1
	4
	32
	　

	　
	2
	
	1
	1
	　
	2
	1
	4
	4
	32
	　

	　
	1
	2
	1
	　
	　
	4
	2
	4
	1
	32
	　

	　
	1
	2
	
	1
	　
	4
	2
	1
	4
	32
	　

	　
	
	2
	1
	1
	　
	1
	2
	4
	4
	32
	　

	　
	1
	1
	2
	　
	　
	4
	4
	2
	1
	32
	　

	　
	1
	
	2
	1
	　
	4
	1
	2
	4
	32
	　

	　
	
	1
	2
	1
	　
	1
	4
	2
	4
	32
	　

	　
	1
	1
	
	2
	　
	4
	4
	1
	2
	32
	　

	　
	1
	
	1
	2
	　
	4
	1
	4
	2
	32
	　

	　
	
	1
	1
	2
	　
	1
	4
	4
	2
	32
	　

	　
	1
	1
	1
	1
	　
	4
	4
	4
	4
	256
	　

	5
	2
	2
	1
	　
	　
	2
	2
	4
	1
	16
	704

	　
	2
	2
	
	1
	　
	2
	2
	1
	4
	16
	　

	　
	2
	1
	2
	　
	　
	2
	4
	2
	1
	16
	　

	　
	2
	
	2
	1
	　
	2
	1
	2
	4
	16
	　

	　
	2
	1
	
	2
	　
	2
	4
	1
	2
	16
	　

	　
	2
	
	1
	2
	　
	2
	1
	4
	2
	16
	　

	　
	1
	2
	2
	　
	　
	4
	2
	2
	1
	16
	　

	　
	
	2
	2
	1
	　
	1
	2
	2
	4
	16
	　

	　
	1
	2
	
	2
	　
	4
	2
	1
	2
	16
	　

	　
	
	2
	1
	2
	　
	1
	2
	4
	2
	16
	　

	　
	1
	
	2
	2
	　
	4
	1
	2
	2
	16
	　

	　
	
	1
	2
	2
	　
	1
	4
	2
	2
	16
	　

	　
	2
	1
	1
	1
	　
	2
	4
	4
	4
	128
	　

	　
	1
	2
	1
	1
	　
	4
	2
	4
	4
	128
	　

	　
	1
	1
	2
	1
	　
	4
	4
	2
	4
	128
	　

	　
	1
	1
	1
	2
	　
	4
	4
	4
	2
	128
	　

	6
	2
	2
	2
	　
	　
	2
	2
	2
	1
	8
	416

	　
	2
	2
	
	2
	　
	2
	2
	1
	2
	8
	　

	　
	2
	
	2
	2
	　
	2
	1
	2
	2
	8
	　

	　
	
	2
	2
	2
	　
	1
	2
	2
	2
	8
	　

	　
	2
	2
	1
	1
	　
	2
	2
	4
	4
	64
	　

	　
	2
	1
	2
	1
	　
	2
	4
	2
	4
	64
	　

	　
	2
	1
	1
	2
	　
	2
	4
	4
	2
	64
	　

	　
	1
	2
	2
	1
	　
	4
	2
	2
	4
	64
	　

	　
	1
	2
	1
	2
	　
	4
	2
	4
	2
	64
	　

	　
	1
	1
	2
	2
	　
	4
	4
	2
	2
	64
	　

	7
	2
	2
	2
	1
	　
	2
	2
	2
	4
	32
	128

	　
	2
	2
	1
	2
	　
	2
	2
	4
	2
	32
	　

	　
	2
	1
	2
	2
	　
	2
	4
	2
	2
	32
	　

	　
	1
	2
	2
	2
	　
	4
	2
	2
	2
	32
	　

	8
	2
	2
	2
	2
	　
	2
	2
	2
	2
	16
	16

	
	
	
	
	
	
	
	
	
	
	total
	2400



From Table 3, the number of PMI candidates when all combinations are supported is 960, and the number of PMI candidates when Ng=2 corresponding to the working assumption in the previous meeting is 736 or 696. We don’t support the working assumption because the number of required bits remains the same even if layer combinations are restricted. 
Proposal 1: We don’t support the working assumption for the layer splitting.
Proposal 2: Support the all layer combination in case of Ng = 2.
For the Ng=4 case, it is necessary to eliminate at least 2400-2048=352 PMI candidates to reduce the number by 1 bit. without performance degradation. Basically, the easiest way is to support all combinations, but it is possible to discuss ways to reduce the number of bits without degrading performance.
Observation 2: For the Ng=4 case, it is necessary to eliminate at least 352 PMI candidates to reduce the number by 1 bit.
According to the agreements in #112b-e and #113 meeting, number of PMI candidates to be supported bacome 1000 at least, which needs 10 bits. If needed, we can add up to 24 candidates with no increasing the TPMI overhead. It may be the layer combinations associated with the 16 and/or 8 candidates. On the other hand, addition of the 1048 candidates can be supported if we can accept that TPMI overhead increases to 11 bits. Therefore, to complete the specification in this meeting, only following alternatives should be discussed; (a) 10 bits with no addition of candidates to the agreed layer combinations, (b) 10 bits with addition of up to 24 candidates to agreed layer combinations, (c) 11 bits with addition of up to 1048 candidates to the agreed layer combinations.
Observation 3: For the Ng=4 case, the number of PMI candidates associated with the previous agreements is 1000.
Proposal 3: Downselect the following alternatives for the required bits associated with the layer splitting at Ng=4 case.
· Alt. a: 10 bits with no addition of PMI candidates to the agreed layer combinations.
· Alt. b: 10 bits with addition of up to 24 PMI candidates to agreed layer combinations.
· Alt. c: 11 bits with addition of up to 1048 PMI candidates to the agreed layer combinations.

1.2. Full power operation
For full power operation, the following agreements were achieved.
	Agreement
For full power PUSCH transmission by an 8TX UE, confirm the Working Assumption for Mode1 with updates:
· To support full power transmission with Mode1, Rel-16 Mode1 (fullPowerMode1) is re-used.
· FFS if more than one of the 8TX full coherent precoders is used. 
· FFS: identification of precoders per rank / per Ng

Agreement
For full power PUSCH transmission by an 8TX UE, confirm the Working Assumption for Mode2 with updates:
· To support full power transmission with Mode2, Rel-16 Mode2 (fullPowerMode2) is re-used.
· FFS definition of precoder groups (G0, G1, …)
· FFS enhancements for SRS configuration


Agreement (#112b-e)
Framework for full power PUSCH transmission by an 8TX UE 
· To support full power transmission with Mode0, Rel-16 Mode0 (fullPower) is re-used.
· FFS if any change is required in the specifications.
· Working Assumption To support full power transmission with Mode1, Rel-16 Mode1 (fullPowerMode1) is re-used.
· FFS if more than one of the 8TX full coherent precoders is used per rank. 
· Working Assumption To support full power transmission with Mode2, Rel-16 Mode2 (fullPowerMode2) is re-used.
· FFS definition of precoder groups (G0, G1, …)
· FFS enhancements for SRS configuration 

Agreement (#112)
For CB-based 8TX PUSCH transmission, where Mode 2 uplink full power transmission (if supported) is not used, re-use legacy Rel-15 mechanism, that is
· when only one SRS resource in a resource set is configured, the SRI field in DCI is absent, 
· when two SRS resources are configured in a resource set, 1 bit of SRI field in DCI is used to indicate the selected SRS resource in the set.





The existing fullpowermode 1 is performed by indicating the TPMI index associated with the precoder which can light up the all antenna ports across the layer. The number of this TPMI indication is only one per layer, e.g. 1 layer: TPMI=13, 2 layer: TPMI=6 and 3 layer: TPMI=1 when using four antenna ports transmission with codebookSubset=nonCoherent. On the other hand, 8TX precoder with Ng=2 or Ng=4 for the partial cohernet UE is based on the precoder corresponding only to the 2TX/4TX FC precoder. It means that all possible 2TX/4TX precoders can light up the two/four antenna ports. Thus, a new method of indication for fullpowermode 1 is needed only when the any rank for the 2TX/4TX precoder is 0. Here, 3 following alternatives can be considered to apply the precoder lighting up the all antenna ports. 
· Alt. 1: Add one TPMI index per layer combination based on the exsiting rule for fullpowermode 1
 (numbers of additional PMI candidates are 8 for Ng=2 and 30 for Ng=4)
· Alt. 2: Add as many TPMI indexes per layer combination as the corresponding candidates
 (numbers of additional PMI candidates are 60 for Ng=2 and 404 for Ng=4)
· Alt. 3: Introduce a new procedure which can light up the all antenna ports
 (no additional PMI candidates for Ng=2 and Ng=4)
As described above, number of PMI candidates is 736 or 696 for Ng=2 and 1000 for Ng=4. Alt. 1 has close principle of existing rule, and Alt. 2 provides more flexible precoder with fullpowermode 1. However, both alternatives need increasing bits for Ng=4 case unless reducing the candidates already agreed. Therefore, Alt.3 is most reasonable solution to work the fullpowermode 1.
Observation 4: For fullpowermode 1, 3 alternatives can be considered as follows.
· Alt. 1: Add one TPMI index per layer combination based on the exsiting rule for fullpowermode 1
· (numbers of additional PMI candidates are 8 for Ng=2 and 30 for Ng=4)
· Alt. 2: Add as many TPMI indexes per layer combination as the corresponding candidates
· (numbers of additional PMI candidates are 60 for Ng=2 and 404 for Ng=4)
· Alt. 3: Introduce a new procedure which can light up the all antenna ports
· (no additional PMI candidates for Ng=2 and Ng=4)
Observation 5: For fullpowermode 1, Alt.1 and Alt.2 need increasing bits for Ng=4 case unless reducing the candidates already agreed.
Proposal 4: For fullpowermode 1, support Alt. 3 (introduce a new procedure which can light up the all antenna ports with no additional PMI candidates for Ng=2 and Ng=4).



Conclusion
In this contribution, we have the following proposal:
Observation 1: A separated codebookSubset can reduce the TPMI overhead.
Proposal 1: We don’t support the working assumption for the layer splitting.
Proposal 2: Support the all layer combination in case of Ng = 2.
Observation 2: For the Ng=4 case, it is necessary to eliminate at least 352 PMI candidates to reduce the number by 1 bit.
Observation 3: For the Ng=4 case, the number of PMI candidates associated with the previous agreements is 1000.
Proposal 3: Downselect the following alternatives for the required bits associated with the layer splitting at Ng=4 case.
· Alt. a: 10 bits with no addition of PMI candidates to the agreed layer combinations.
· Alt. b: 10 bits with addition of up to 24 PMI candidates to agreed layer combinations.
· Alt. c: 11 bits with addition of up to 1048 PMI candidates to the agreed layer combinations.
Observation 4: For fullpowermode 1, 3 alternatives can be considered as follows.
· Alt. 1: Add one TPMI index per layer combination based on the exsiting rule for fullpowermode 1
· (numbers of additional PMI candidates are 8 for Ng=2 and 30 for Ng=4)
· Alt. 2: Add as many TPMI indexes per layer combination as the corresponding candidates
· (numbers of additional PMI candidates are 60 for Ng=2 and 404 for Ng=4)
· Alt. 3: Introduce a new procedure which can light up the all antenna ports
· (no additional PMI candidates for Ng=2 and Ng=4)
Observation 5: For fullpowermode 1, Alt.1 and Alt.2 need increasing bits for Ng=4 case unless reducing the candidates already agreed.
Proposal 4: For fullpowermode 1, support Alt. 3 (introduce a new procedure which can light up the all antenna ports with no additional PMI candidates for Ng=2 and Ng=4).
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