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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 TPMI bit and layer splitting, the following agreements were achieved.
	Agreement
For partially coherent precoding by an 8TX UE with Ng antenna groups, down-select from,
· Alt-1: All Rel-15 full-coherent 4TX and 2 TX UL precoders are supported for Ng=2 and Ng=4, respectively
· For Ng=2 and Ng=4, up to N bits are used for joint TPMI/TRI indication, respectively
· Number of bits (value of N) depend on the configured max rank 
· A single TPMI/TRI field is indicated
· FFS: Mapping between TPMI/TRI codepoint and Rel-15 precoders

Agreement
For partially coherent precoding by an 8TX UE with Ng=2 and Ng=4 antenna groups, up to N=10 bits are used for joint TPMI/TRI and split-layer indication.
· The actual number of bits (value of N) depends on the configured max rank
· FFS: Mapping between TPMI/TRI codepoint and Rel-15 precoders


Agreement
For partially coherent uplink precoding by an 8TX UE, Ng=2, 
· Alt1. Following combinations of layer splitting are supported
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	5
	· 
	(2,3)

	7
	· 
	(3,4)



Agreement
For an 8TX UE, with Ng=2, configured for full power transmission with ‘fullpowerMode1’, at least following precoder is supported 
	Rank = 1

	


· FFS other additions

Agreement
For an 8TX UE, with Ng=4, configured for full power transmission with ‘fullpowerMode1’, at least following precoders are supported per rank,
	Rank 1
	Rank 2
	Rank 4

	
	
	None


· FFS other additions

Agreement
For an 8TX UE, with Ng=4 and Ng=8, configured for full power transmission with ‘fullpowerMode1’, at least following precoders are supported per rank,



Agreement (#113)
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 (#113)
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)







Ng=2 case 
The number of PMI candidate is 697(696 + 1 for fullpowerMode1) as following table. Thus, the required bit for Ng=2 is 10, which is aligned with the previous agreement. 
Observation 1: For the Ng=2 case, the number of PMI candidates associated with the previous agreements is 697.
Table 3: Number of PMI candidates of 4TX UL codebook for each rank combination corresponding to FC precoder (colored with agreed 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
	696(agreed)
	960



Ng=4 case
According to the agreements from #112b-e to #114 meeting, number of PMI candidates to be supported bacome 1003 (1000 + 3 for fullpoqwerMode1) at least, which needs 10 bits. If needed, we can add up to 21 candidates with no increasing the TPMI overhead. It may be the layer combinations associated with the 16 and/or 8 candidates. Therefore, to complete the specification in this meeting, only following alternatives should be discussed; (a) Not add candidates to the agreed layer combinations, (b) Add the 16 candidates (E.g. rank5 (L1, L2, L3, L4) = (2, 2, 1, 0)) to agreed layer combinations, (c) Add the 8+8 candidates (E.g. rank6 (L1, L2, L3, L4) = {(2, 2, 0, 2),(0, 2, 2, 2)}) to the agreed layer combinations.
Observation 2: For the Ng=4 case, the number of PMI candidates associated with the previous agreements is 1003.
Proposal 1: Downselect the following alternatives for the addition of PMI candidates associated with the layer splitting at Ng=4 case.
· Alt. a: Don’t add candidates to the agreed PMI.
· Alt. b: Add the 16 candidates (E.g. rank5 (L1, L2, L3, L4) = (2, 2, 1, 0)) to the agreed PMI.
· Alt. c: Add the 8+8 candidates (E.g. rank6 (L1, L2, L3, L4) = {(2, 2, 0, 2), (0, 2, 2, 2)}) to the agreed PMI.
Table 4: Number of PMI candidates of 2TX UL codebook for each rank combination corresponding to FC precoder (colored with agreed or should be discussed 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




1.2. Full power operation
For full power operation, the following agreements were achieved.
	Agreement
For an 8TX UE, configured for full power transmission with ‘fullpowerMode2’ for Ng=2
· UE power capability is indicated per antenna group, where for an indicated group, full power is supported for all ranks
· For when Ng=2, a single bit is used to indicate which of the antenna group has full power capability.

Agreement
For an 8TX UE, configured for full power transmission with ‘fullpowerMode2’,
· Subject to UE capability, a maximum of 2 or 4 SRS resources are supported in an SRS resource set with usage set to 'codebook',
· An SRS resource set can be configured with one or more of 1-, 2-, 4-, or 8-port SRS resources.

Conclusion
· Full power transmission with ‘fullpowerMode2’ with TPMI capability reporting when Ng=4 is not supported in Rel-18
· Full power transmission with ‘fullpowerMode2’ with TPMI capability reporting when Ng=8 is not supported in Rel-18

Agreement (#113)
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 (#113)
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.





Ng=2 case
In the previous meeting, fullpowerMode2 for Ng=2 was agreed to be supported, and which antenna group has Full power capability is indicated by 1 bit. For indicated antenna group, full power transmission with all ranks can be performed, so that means each of all antenna port (E.g. #1000, #1001, #1004, #1005) has full-rated PA (such as 23dBm). It seems to be too restricted and such PA architecture would be expensive. Since fullpowerMode with Ng=4 or Ng=8 did not achieve consensus, fullpowerMode with Ng=2 should support a more flexible PA architecture. However, there is not a lot of time to discuss detail specification of TPMI group. Therefore, the Rel-16 TPMI group should be reused in addition to the indication which antenna group is used. By these indication, we can support PA architectures as following table.
Proposal 2: For fullpowerMode2 with Ng=2, Rel-16 TPMI group should be reused in addition to the 1bit indication which antenna group is used.
Table 2: Supporting PA architecture
	TPMI group
	only 1bit indication
	1bit indication + Rel-16 TPMI group 

	N/A
	(23,23,23,23, -,-,-,-) or
(-,-,-,-, 23,23,23,23)
	(23,23,23,23, -,-,-,-) or
(-,-,-,-, 23,23,23,23)

	G0
	
	(23,x,x,x, -,-,-,-) or (-,-,-,-, 23,x,x,x)

	G1
	
	(23,x,x,x, -,-,-,-) or (-,-,-,-, 23,x,x,x)
(x,x,23,x, -,-,-,-) or (-,-,-,-, x,x,23,x)
(20,x,20,x, -,-,-,-) or (-,-,-,-, 20,x,20,x)

	G2
	
	(23,x,x,x, -,-,-,-) or (-,-,-,-, 23,x,x,x)
(x,23,x,x, -,-,-,-) or (-,-,-,-, x,23,x,x)
(x,x,23,x, -,-,-,-) or (-,-,-,-, x,x,23,x)
(20,20,x,x, -,-,-,-) or (-,-,-,-, 20,20,x,x) (20,x,20,x, -,-,-,-) or (-,-,-,-, 20,x,20,x)
(x,20,20,x, -,-,-,-) or (-,-,-,-, x,20,20,x)
(18,18,18,x, -,-,-,-) or (-,-,-,-, 18,18,18,x)

	G3
	
	(20,20,x,x, -,-,-,-) or (-,-,-,-, 20,20,x,x) (20,x,20,x, -,-,-,-) or (-,-,-,-, 20,x,20,x)
(x,20,20,x, -,-,-,-) or (-,-,-,-, x,20,20,x)
(18,18,18,x, -,-,-,-) or (-,-,-,-, 18,18,18,x)

	G4
	
	(20,x,20,x, -,-,-,-) or (-,-,-,-, 20,x,20,x)

	G5
	
	(20,20,x,x, -,-,-,-) or (-,-,-,-, 20,20,x,x) (20,x,20,x, -,-,-,-) or (-,-,-,-, 20,x,20,x)
(x,20,20,x, -,-,-,-) or (-,-,-,-, x,20,20,x)
(18,18,18,x, -,-,-,-) or (-,-,-,-, 18,18,18,x)

	G6
	
	(20,20,x,x, -,-,-,-) or (-,-,-,-, 20,20,x,x) (20,x,20,x, -,-,-,-) or (-,-,-,-, 20,x,20,x)
(20,x,x,20, -,-,-,-) or (-,-,-,-, 20,x,x,20)
(x,20,20,x, -,-,-,-) or (-,-,-,-, x,20,20,x) (x,20,x,20, -,-,-,-) or (-,-,-,-, x,20,x,20)
(x,x,20,20, -,-,-,-) or (-,-,-,-, x,x,20,20)
(18,18,18,x, -,-,-,-) or (-,-,-,-, 18,18,18,x)



1.3. TPMI table
In the following draft CR 38.212, TPMI table for maxRank>4 include TRI and TPMI to indicate the {1, 2, …, maxRank} layer precoders in same column. 
	Table 7.3.1.1.2-5B: Precoding information and number of layers, for 8 antenna ports, if transform precoder is disabled, maxRank = 8, and CodebookType=Codebook1
	Bit field mapped to index
	ULcodebookFC-N1N2 = (4, 1)
	Bit field mapped to index
	ULcodebookFC-N1N2 = (2, 2)

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…

	15
	1 layer: TPMI=15
	15
	1 layer: TPMI=15

	16
	2 layers: TPMI=0
	16
	2 layer2: TPMI=0

	17
	2 layers: TPMI=1
	17
	2 layer2: TPMI=1

	…
	…
	…
	…

	47
	2 layers: TPMI=31
	47
	2 layers: TPMI=31

	48
	3 layers: TPMI=0
	48
	3 layers: TPMI=0

	49
	3 layers: TPMI=1
	49
	3 layers: TPMI=1

	…
	…
	…
	…

	71
	3 layers: TPMI=23
	71
	3 layers: TPMI=23

	72
	4 layers: TPMI=0
	72
	4 layers: TPMI=0

	73
	4 layers: TPMI=1
	73
	4 layers: TPMI=1

	…
	…
	…
	…

	95
	4 layers: TPMI=23
	95
	4 layers: TPMI=23

	96
	5 layers: TPMI=0
	96
	5 layers: TPMI=0

	97
	5 layers: TPMI=1
	97
	5 layers: TPMI=1

	…
	…
	…
	…

	103
	5 layers: TPMI=7
	103
	5 layers: TPMI=7

	104
	6 layers: TPMI=0
	104
	6 layers: TPMI=0

	105
	6 layers: TPMI=1
	105
	6 layers: TPMI=1

	…
	…
	…
	…

	111
	6 layers: TPMI=7
	111
	6 layers: TPMI=7

	112
	7 layers: TPMI=0
	112
	7 layers: TPMI=0

	113
	7 layers: TPMI=1
	113
	7 layers: TPMI=1

	…
	…
	…
	…

	115
	7 layers: TPMI=3
	119
	7 layers: TPMI=7

	116
	8 layers: TPMI=0
	120
	8 layers: TPMI=0

	117
	8 layers: TPMI=1
	121
	8 layers: TPMI=1

	…
	…
	…
	…

	119
	8 layers: TPMI=3
	127
	8 layers: TPMI=7

	120-127
	reserved
	
	






[bookmark: _GoBack]Since such a table allows dual CW transmission with rank<=4, TPMIs with <=4 layers and TPMIs with >4 layers should be listed separately in different columns. 
Proposal 3: For TPMI table when maxRank>4, TPMIs with <=4 layers and TPMIs with >4 layers should be listed separately in different columns. 
Proposal 4: The following TP should be adopted in TS38.212: 
	6.1.1.1	Codebook based UL transmission
< Unchanged parts are omitted >
Table 7.3.1.1.2-5B: Precoding information and number of layers, for 8 antenna ports, if transform precoder is disabled, maxRank = 8, CodebookType=Codebook1, and ULcodebookFC-N1N2 = (4, 1)
	Bit field mapped to index
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Bit field mapped to index
	Two Codeword:
Codeword 0 enabled,
Codeword 1 enabled

	0
	1 layer: TPMI=0
	0
	5 layers: TPMI=0

	1
	1 layer: TPMI=1
	1
	5 layers: TPMI=1

	…
	…
	…
	…

	15
	1 layer: TPMI=15
	7
	5 layers: TPMI=7

	16
	2 layers: TPMI=0
	8
	6 layers: TPMI=0

	17
	2 layers: TPMI=1
	9
	6 layers: TPMI=1

	…
	…
	…
	…

	47
	2 layers: TPMI=31
	15
	6 layers: TPMI=7

	48
	3 layers: TPMI=0
	16
	7 layers: TPMI=0

	49
	3 layers: TPMI=1
	17
	7 layers: TPMI=1

	…
	…
	…
	…

	71
	3 layers: TPMI=23
	19
	7 layers: TPMI=3

	72
	4 layers: TPMI=0
	20
	8 layers: TPMI=0

	73
	4 layers: TPMI=1
	21
	8 layers: TPMI=1

	…
	…
	…
	…

	95
	4 layers: TPMI=23
	23
	8 layers: TPMI=3

	96-127
	reserved
	23-127
	reserved


 
(Same change for the other TPMI tables when maxRank>4)
< Unchanged parts are omitted >






Conclusion
In this contribution, we have the following proposal:
Observation 1: For the Ng=2 case, the number of PMI candidates associated with the previous agreements is 697.
Observation 2: For the Ng=4 case, the number of PMI candidates associated with the previous agreements is 1003.
Proposal 1: Downselect the following alternatives for the addition of PMI candidates associated with the layer splitting at Ng=4 case.
· Alt. a: Don’t add candidates to the agreed PMI.
· Alt. b: Add the 16 candidates (E.g. rank5 (L1, L2, L3, L4) = (2, 2, 1, 0)) to the agreed PMI.
· Alt. c: Add the 8+8 candidates (E.g. rank6 (L1, L2, L3, L4) = {(2, 2, 0, 2), (0, 2, 2, 2)}) to the agreed PMI.
Proposal 2: For fullpowerMode2 with Ng=2, Rel-16 TPMI group should be reused in addition to the 1bit indication which antenna group is used.
Proposal 3: For TPMI table when maxRank>4, TPMIs with <=4 layers and TPMIs with >4 layers should be listed separately in different columns. 
Proposal 4: The following TP should be adopted in TS38.212: 
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