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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 fully-coherent
For codebook design of fully-coherent UE, the following agreements were achieved.
	Agreement
For a fully coherent uplink precoding by an 8TX UE, 
 Support NR Rel-15 single panel DL Type I codebook as the starting point for design of the codebook
o FFS: For a constructed codebook with size M based on above method, unless ; otherwise, round up the codebook size to the smallest integer  by adding  precoders generated via Alt 2a. 
 No LS to RAN4 will be needed

Agreement (#110)
For evaluation purpose of codebook alternatives when a precoder based on Rel-15 DL Type I is used, following oversampling ratios are assumed
· (O1, O2) = (1,1), (2,1), (2,2)
· Note: Other values may be used and reported by companies
· Note: When deciding the supported O1, O2 combination, the signalling overhead, performance, UE complexity, etc should be considered




For supported antenna layout, we need to determine pairs of (N1,N2) values. So far, (N1,N2) = (4,1) and (2,2) have been proposed. The values are reasonable because that are specified for conventional specification of DL Type I codebook. In addition, the information should be based on UE capability.
Proposal 1: Support the following pairs of (N1,N2) values for fully-coherent precoding based on NR Rel-15 DL Type I codebook.
· (N1,N2) = (4,1)
· (N1,N2) = (2,2)
Proposal 2: Support UE capability for pairs of (N1,N2) values for fully-coherent precoding based on NR Rel-15 DL Type I codebook.

No particular change is necessary when DL Type I codebook is used for UL 8TX codebook, but the granularity of the beam should be discussed. In the RAN1#110 meeting, some combination of oversampling value (O1,O2) = {(1,1), (2,1), (2,2)} were proposed. For the oversampling ratio O1,O2, a very large value should not be used to prevent an increase in TPMI overhead. Also, too high value is not feasible for UL transmission due to UE’s capability. Therefore, we support the different capability for  oversampling ratio, (O1,O2) = (1,1) as mandatory, and (O1,O2) = {(2,1), (2,2)} as optional.
Proposal 3: Support UE capability for oversampling ratio, (O1,O2) = (1,1) as mandatory, and (O1,O2) = {(2,1), (2,2)} as optional.

1.2. Codebook design for partial/non-coherent
For codebook design of partial/non-coherent UE, the following agreement was achieved.
	Agreement
For an 8TX partial/non-coherent precoder, for study on full power codebook-based PUSCH transmissions, use Rel-16 full power modes as the starting point for the design. 
Note: This does not mandate support of all Rel-16 modes.

Agreement (#110b)
For 8TX UE codebook-based uplink transmission,
 For partially/non-coherent precoding, support NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of codebook




In the previous meeting, various structures were proposed for partial-coherent precoding matrix, each structures seem to have the different advantage. However, we should determine the codebook according to the two points; support of the full power mode described as the agreement, and as simple as possible structure not to increase the TPMI overhead. Therefore, we support the following precoding structure.
Proposal 4: Support the following precoding structure of codebook design for partial-coherent.
, where  and  are precoding matrices taken from Rel-15 4TX UL codebook, the rank=rank() + rank() is one of 1, 2, 3, 4, 5, 6, 7 or 8. 

1.3. TRI/SRI/TPMI indication for codebook-based transmission
For TRI/TPMI indication for codebook-based transmission, the following agreement was achieved.
	Agreement
For CB-based 8TX PUSCH transmission, for rank indication, down-select among the following
· Separate indication of TRI and TPMI
· Joint indication of TRI and TPMI




Through the previous meeting, there is common understanding that need to reduce the TPMI overhead. The overhead become a issue especially for the partial-cohenret 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 proposal 4), it needs as two times as the conventional TPMI overhead. As the codebookSubset 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.
Proposal 5: The codebookSubset should be separated by one coherent capability.
Also, if an 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 13bits. Thus, even with Ng=4, the precoding structure should be same as Ng=2; consist of two precoding matrices taken from Rel-15 4TX UL codebook. 
Proposal 6: Both precoding structures corresponding to Ng=2,4 should consist of two precoding matrices.
For rank(A1) and rank(A2) described in Proposal 4, the PMI candidates for each rank combination is shown in the table below. And assuming only TPMI corresponding to PC for Ng=4, the total number of PMI candidate is 21*21-1 = 440 as shown in Table 5. 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. 
Table 3: Number of PMI candidates of 4TX UL codebook for each rank combination
	maxRank
	rank(A1)
	rank(A2)
	　
	N(A1)
	N(A2)
	N(A1)*N(A2)
	sum

	1
	1
	0
	　
	16
	1
	16
	32

	　
	0
	1
	　
	1
	16
	16
	　

	2
	2
	0
	　
	8
	1
	8
	272

	　
	1
	1
	　
	16
	16
	256
	　

	　
	0
	2
	　
	1
	8
	8
	　

	3
	3
	0
	　
	4
	1
	4
	264

	　
	2
	1
	　
	8
	16
	128
	　

	　
	1
	2
	　
	16
	8
	128
	　

	　
	0
	3
	　
	1
	4
	4
	　

	4
	4
	0
	　
	2
	1
	2
	196

	　
	3
	1
	　
	4
	16
	64
	　

	　
	2
	2
	　
	8
	8
	64
	　

	　
	1
	3
	　
	16
	4
	64
	　

	　
	0
	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 3: Number of PMI candidates of 2TX UL codebook for each rank combination
	maxRank
	rank(A1)
	rank(A2)
	　
	N(A1)
	N(A2)
	N(A1)*N(A2)
	sum

	1
	1
	0
	　
	8
	1
	8
	16

	　
	0
	1
	　
	1
	8
	8
	　

	2
	2
	0
	　
	8
	1
	8
	80

	　
	1
	1
	　
	8
	8
	64
	　

	　
	0
	2
	　
	1
	8
	8
	　

	3
	3
	0
	　
	2
	1
	2
	132

	　
	2
	1
	　
	8
	8
	64
	　

	　
	1
	2
	　
	8
	8
	64
	　

	　
	0
	3
	　
	1
	2
	2
	　

	4
	4
	0
	　
	2
	1
	2
	100

	　
	3
	1
	　
	2
	8
	16
	　

	　
	2
	2
	　
	8
	8
	64
	　

	　
	1
	3
	　
	8
	2
	16
	　

	　
	0
	4
	　
	1
	2
	2
	　

	5
	4
	1
	　
	2
	8
	16
	64

	　
	3
	2
	　
	2
	8
	16
	　

	　
	2
	3
	　
	8
	2
	16
	　

	　
	1
	4
	　
	8
	2
	16
	　

	6
	4
	2
	　
	2
	8
	16
	36

	　
	3
	3
	　
	2
	2
	4
	　

	　
	2
	4
	　
	8
	2
	16
	　

	7
	4
	3
	　
	2
	2
	4
	8

	　
	3
	4
	　
	2
	2
	4
	　

	8
	4
	4
	　
	2
	2
	4
	4

	
	
	
	
	
	
	total
	440



Observation 1: It is expected to reduce the number of PMI candidates by supporting only some combinations. 

1.4. Support of two Codewords
For supporting two codewords, the following working assumption and agreements were achieved in previous meeting.
	Working Assumption (#110b)
For uplink transmission with rank>4, support dual CW transmission.

Agreement
For PUSCH transmission with rank>4 by an 8TX UE, to support dual CW transmission, 
· specify MCS, NDI, RV indication for the second CW
· specify PUSCH Scrambling for the second CW
· specify UCI multiplexing on PUSCH for dual CW transmission
· study whether/how Enabling/Disabling the second CW
FFS: Optimization of DCI to indicate the above
Note: Strive to reuse Rel-15 NR DL schemes where possible.

Agreement
For PUSCH transmission with rank>4 by an 8TX UE, to support UCI multiplexing on PUSCH, down-select at least one of the following options in RAN1#112,
· Option1: UCI is always multiplexed on one of the CWs
· Option2: UCI is multiplexed on both CWs
· Option3: Based on UCI (e.g., type, payload size, etc.) UCI is multiplexed on one or both CWs
· Option4: UCI is multiplexed only when single CW is enabled
· Option5: UCI is repeated across the two CWs
· Other options are not precluded




If different channel qualities affect two codewords, it seems reasonable to indicate different MCSs for each codeword. Therefore, the second MCS should be indicated for the second codeword. Similarly, NDI and RV should be additionally indicated.
Proposal 7: Second MCS/NDI/RV should be indicated for the second codeword.
Currently, dual codeword transmission is specified for DL when rank>4, and the codeword to layer mapping for DL transmission can be reused for UL to reduce the specification effort. On the other hand, it is undesirable to make dual codeword transmission a mandatory feature because various use cases such as FWA/CPE are expected for 8TX UL. Therefore, it should be a UE capability for rank>4 to support dual codeword transmission.
Proposal 8: It should be a UE capability for rank>4 to support dual codeword transmission.

1.5. Full power operation
For full power operation, the following agreement was achieved.
	Agreement
Study full TX power uplink codebook-based transmission by a partially/non-coherent 8TX precoder,
1. Reuse Rel-16 UE capability definitions for discussion purpose, i.e., UE Capability 1, 2 and 3
1. For full TX power transmission by UE Capability 2/3, at least, following exemplary PA architectures can be considered 
4. Other cases of interest are not precluded, down-select preferred potential architecture for the purpose of 8TX full power study in RAN#112.
4. This can be used for other UE Power Classes as well.

	8TX UE, Power class 3 (23 dBm)
Pi= Nominal power rating of each PA

	

	Regular UE
	P1=P2= …=P8=14 dBm 
(Full power supported by Mode1)

	
	











Full-power capable UE
	Full power capability with any PA comb. (CAP1)
Example: 
P1=P2= …=P8= 23 dBm


	
	
	Full power capability with 1 PA (CAP3)
Example: 
P1=P2= …=P7= 14 dBm
P8= 23 dBm


	
	
	(lower priority) Full power capability with 2 PAs (CAP2)
Example 2a: 
P1=P2= …=P6= 14 dBm, P7=P8 ≥ 20 dBm
Example 2b:
P1=P2= …= P8= 20 dBm


	
	
	(lower priority) Full power capability with 4 PAs (CAP2)
Example 3a: 
P1=P2= …=P4= 14 dBm, P5=P6= …=P8 ≥ 17 dBm
Example 3b: 
P1=P2= …= P8 = 17 dBm


	
	
	(lower priority) Full power capability with 6 PAs (CAP2)
Example 4a: 
P1=P2= 14 dBm, P3=P4= …=P8 ≥ 15.3 dBm
Example 4b: 
P1=P2= … = P8≥ 15.3 dBm


	
	
	

	
	
	

	
	
	






It was agreed to study several architectures at the last meeting, but more capabilities are being discussed; it is not desirable to divide capability into too many types as it will complicate the specification. It is sufficient to know at least how many antennas can be used to achieve full power transmission. 
Proposal 9: UE capability should indicate only the number of antennas needed to achieve full power transmission.

Conclusion
In this contribution, we have the following proposal:
Proposal 1: Support the following pairs of (N1,N2) values for fully-coherent precoding based on NR Rel-15 DL Type I codebook.
· (N1,N2) = (4,1)
· (N1,N2) = (2,2)
Proposal 2: Support UE capability for pairs of (N1,N2) values for fully-coherent precoding based on NR Rel-15 DL Type I codebook.
Proposal 3: Support UE capability for oversampling ratio, (O1,O2) = (1,1) as mandatory, and (O1,O2) = {(2,1), (2,2)} as optional.
Proposal 4: Support the following precoding structure of codebook design for partial-coherent.
, where  and  are precoding matrices taken from Rel-15 4TX UL codebook, the rank=rank() + rank() is one of 1, 2, 3, 4, 5, 6, 7 or 8. 
Proposal 5: The codebookSubset should be separated by one coherent capability.
Proposal 6: Both precoding structures corresponding to Ng=2,4 should consist of two precoding matrices.
Observation 1: It is expected to reduce the number of PMI candidates by supporting only some combinations. 
Proposal 7: Second MCS/NDI/RV should be indicated for the second codeword.
Proposal 8: It should be a UE capability for rank>4 to support dual codeword transmission.
Proposal 9: UE capability should indicate only the number of antennas needed to achieve full power transmission.
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