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1. Introduction
In RAN1 #110bis-e meeting, the following agreements were reached on SRI/TPMI enhancement for 8Tx UL.
	[bookmark: _Hlk118475247]Agreement
Support the following cases for codebook design for 8TX precoders
· Full coherent precoders with Ng=1
· FFS: Full coherent precoders with Ng=2, Ng=4
· Partial coherent precoders with Ng=2 and Ng=4
· This does not imply any relation with the number of TPMI indications for 8TX precoder
· Non-coherent precoders
Agreement
For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, down-select of the following convention for assumption of port coherency scheme is used 
· Alt 1: two coherent groups of {0,2,4,6} and {1,3,5,7}
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7} 
· Alt 3: two coherent groups of {0,1,2,3} and {4,5,6,7} 
· For when Ng=4, down-select of the following convention for assumption of port coherency scheme is used
· Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} 
· Alt 2: four coherent groups of {0,1}, {2,3}, {4,5}, and {6,7}
· Alt3: four coherent groups of {0, 2}, {4, 6}, {1, 3} and {5, 7}
· Note: Other alternatives which are not foreseen are not precluded
Agreement
For SRI and/or transmitter precoder matrix indication for codebook-based uplink transmission by an 8TX UE, study
· Whether/how to indicate one or multiple TPMI/SRI, according to the number of antenna groups, coherence capability, codebooksubset configuration, etc. 
· Whether/how to extend Rel-17 framework, e.g., TPMI/SRI indication in MTRP PUSCH
· Whether/how to separate/joint indication of rank and precoding information.
· Whether/how to indicate n (<=Ng) selected antenna group(s) separately from TPMI/TRI indication
Agreement
In Rel-18, on support of full power operation by a partial/non-coherent 8TX UE configured with codebook-based transmission, 
· Identify and agree on at least one potential PA architecture by RAN1 meeting #111
Agreement
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 
Agreement
For SRS configuration required for non-codebook-based UL transmission by an 8TX UE, Alt1 is supported, that is
1. Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
1. FFS: Configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively.
Agreement
For SRS configuration supporting codebook -based UL transmission for an 8TX UE ,  
1. Support configuration of 1 SRS resource set containing up to X 8-port SRS resource(s), where X = 2   
0. FFS : Other values for X, if needed 
1. FFS : Configuration of at least one SRS resource set, configured with more than one SRS resources where each SRS resource may have the same or different number of SRS ports, e.g., for support full power operation, if supported
1. FFS : Configuration of at least one SRS resource set, configured with 8/M of M-port SRS resources, for example,   
2. Configuration of an SRS resource set, configured with at least 4 of 2-port SRS resources   
2. Configuration of an SRS resource set, configured with at least 2 of 4-port SRS resources   
Working Assumption
For uplink transmission with rank>4, support dual CW transmission.
Agreement
If dual CW is supported for uplink transmission with Rank>4 by an 8TX UE, reuse DL Rel-15 codeword to layer mapping for both codebook-based and non-codebook-based transmission.


In this contribution, we provide our views on the enhancements for 8Tx UL in Rel-18.
2. Discussion on enhancement for 8Tx UL
2.1 Codebook based transmission
2.1.1 Codebook design for full coherent precoders
2.1.1.1 Phase error impact
In RAN1 #110bis-e meeting, agreement couldn’t be reached on the codebook design for full coherent precoders with 8Tx. The issue of phase error over UE antennas was raised which may have impact on the codebook performance.
In the email offline discussion post RAN1 #110bis-e, although consensus can’t be reached, most companies agreed to evaluate the impact of phase error on full coherent codebook design.
The latest FL proposal from the offline email discussion is copied below.
	FL Proposal 1: 
 For fully-coherent uplink precoding by an 8TX UE, RAN1#111 evaluates performance of Alt1-b and Alt2-a with unequal phase offsets relative to a reference antenna port applied across the antenna ports. 
o Phase offset values can be assumed uniformly distributed over [-φ, φ], where φ can take 0, 45, 90, 135 and 180 degrees
 The same value of phase offset is applied to SRS and PUSCH channels. 
o RAN1 considers a similar codebook size for the evaluations.

 According to the outcome of RAN1#111 discussion, 
o If the performance of Alt1-b is not as robust as Alt2-a to phase misalignment, 
 Both Alt1-b and Alt2-a are supported, and the support of either alternative will be a UE optional feature/capability.
 RAN1 sends an LS to RAN4 to inform RAN4 about its observations and decision.
o If the performance of Alt1-b is more robust than or as robust as Alt2-a to phase misalignment, 
 Alt1-b is supported.
 No LS to RAN4 will be needed.



System level simulations were performed to evaluate the impact of phase error between Alt 2-a and Alt 1-b.
For Alt 1-b (Type I codebook), the antenna configuration and oversampling setting is assumed to be  and .
For Alt 2-a, the full coherent codebook is generated according to Equation (1), where  is a Rel-15 full coherent 2Tx precoder with Rank-, and  is a Rel-15 full coherent 4Tx precoder with Rank-, and  represents Kronecker product operation.
			(Equation 1)
For 8-port precoders with Rank-, where ,  could be set to 1, and  could be set to , i.e.,  is a full coherent 2Tx precoding matrix with Rank-1, and  is a full coherent 4Tx precoding matrix with Rank-.
For ,  could be set to 2, and  could be set to , i.e.,  is a full coherent 2Tx precoding matrix with Rank-2, and  is a full coherent 4Tx precoding matrix with Rank-3 or Rank-4.
For Rank value , the 8-port precoding matrix could be generated for Rank-() using Equation (1), and then the last column is dropped.

In the system level simulation, the UE antenna layout of one antenna group and (M, N, P)=(1, 4, 2) is assumed. The phase error is randomly generated across UE antennas, ranging from . The phase error doesn’t change over time. Maximum rank value of 4 (maxRank=4) is used in the simulation. Other detailed simulation assumption is shown in the section of Appendix.
The simulation results of average UE throughput, 5%-ile UPT and 95-ile UPT are shown from Figure 1 to Figure 3, respectively.
From the simulation results, it can be observed that for Alt 2-a, the average throughput, 5-ile UPT and 95-ile UPT are almost the same for the case with phase error and without phase error. For Alt 1-b, there is clear throughput degradation when the phase error is enabled, compared with no phase error. Hence, we think Alt 1-b is more sensitive to the phase error and Alt 2-a is more robust to phase error.
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[bookmark: _Ref118564301]Figure 1 Average UE throughput
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Figure 2 5-ile UPT
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[bookmark: _Ref118564308]Figure 3 95-ile UPT
Therefore, we have the following observation and proposal.
Observation 1:
· Regarding the phase error impact on full coherent precoders with 8Tx, Alt 1-b is more sensitive to the phase error, while Alt 2-a shows robustness.
Proposal 1:
· For full coherent precoders with 8Tx, support to introduce UE capability on whether Alt 1-b or Alt 2-a is used.

2.1.1.2 Overhead analysis
For Type I codebook, the number of precoders could be large. Using smaller value of oversampling factor could be helpful to reduce the number of full coherent precoders in a Type I codebook.
Table 1 shows comparison on the number of precoders for Type I codebook with different oversampling factors for antenna configuration with . The number of precoders given by Alt 2-a (the generation is based on the description in Section 2.1.1.1) is also listed.
It can be observed that with a smaller oversampling factor, the number of precoders given by Alt 1-b could be reduced a lot. With , the amount of precoders is comparable with Alt 2-a.
For Alt 2-a, it can be seen that the number of precoders is large for Rank-1 and it can be further optimized. One solution is that the 2Tx full coherent precoder () could be a subset of . For example,  could be limited to  or  could be fixed to .
[bookmark: _Ref118618630]Table 1 Comparison on the number of full coherent precoders
	Rank
	Alt1-b
(O1,O2)=(4,1)
	Alt1-b
(O1,O2)=(2,1)
	Alt1-b
(O1,O2)=(1,1)
	Alt2-a

	1
	64
	32
	16
	64

	2
	128
	64
	32
	32

	3
	96
	48
	24
	16

	4
	96
	48
	24
	8

	5
	32
	16
	8
	8

	6
	32
	16
	8
	8

	7
	16
	8
	4
	4

	8
	16
	8
	4
	4

	Total
	480
	240
	120
	144



Therefore, we have the following proposal.
Proposal 2:
· For Type I codebook, RAN1 to discuss the oversampling factor values to be used.

2.1.2 Codebook design for partial coherent/non-coherent precoders
2.1.2.1 Ng values for partial coherent UE
In RAN1 #110bis-e meeting, it was agreed that for partial coherent UE with 8Tx, the value of number of antenna groups could be 2 or 4, i.e., Ng=2 or Ng=4.
For Ng=2, there are 4 co-phasing ports in the partial coherent precoders, while for Ng=4, there are 2 co-phasing ports in the partial coherent precoders.
Obviously the partial coherent precoders are different for Ng=2 and Ng=4. Therefore, the partial coherent UE should report the value of Ng to the gNB side so that gNB knows which precoders to be used.
Proposal 3:
· For partial coherent UE with 8Tx, the number of antenna groups should be reported.

2.1.2.2 Co-phasing ports for partial coherent UE
In RAN1 #110bis-e meeting, it was discussed on the co-phasing ports for partial coherent UE and several options are listed, as shown below.
	Agreement
For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, down-select of the following convention for assumption of port coherency scheme is used 
· Alt 1: two coherent groups of {0,2,4,6} and {1,3,5,7}
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7} 
· Alt 3: two coherent groups of {0,1,2,3} and {4,5,6,7} 
· For when Ng=4, down-select of the following convention for assumption of port coherency scheme is used
· Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} 
· Alt 2: four coherent groups of {0,1}, {2,3}, {4,5}, and {6,7}
· Alt3: four coherent groups of {0, 2}, {4, 6}, {1, 3} and {5, 7}
· Note: Other alternatives which are not foreseen are not precluded


In Rel-15, for partial coherent UE with 4Tx, the co-phasing ports are {0, 2} and {1, 3}, as shown in Figure 4.


[bookmark: _Ref118577997]Figure 4 Coherent ports of partial coherent precoders in Rel-15
In our view, similar co-phasing ports could be extended to Rel-18 partial coherent UE with 8Tx.
For partial coherent UE with Ng=2, the coherent ports could be {0, 2, 4, 6} and {1, 3, 5, 7}.
For partial coherent UE with Ng=4, the coherent ports could be {0, 2}, {4, 6}, {1, 3} and {5, 7}.
Proposal 4:
· For partial coherent UE with 8Tx, at least support the following coherent ports:
· For Ng=2, two coherent groups of {0,2,4,6} and {1,3,5,7}.
· For Ng=4, four coherent groups of {0, 2}, {4, 6}, {1, 3} and {5, 7}.

2.1.2.3 Precoder generation
In RAN1 #110bis-e meeting, it was agreed that for partial coherent/non-coherent precoders with 8Tx, support NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of codebook.
Regarding the detailed design on the partial coherent/non-coherent precoders, we think the similar solution as Alt 2-a for full coherent precoders (as described in Section 2.1.1.1) could be used., The partial coherent/non-coherent precoders can also be generated with Equation (1), i.e., .
For non-coherent 8-port precoder, both 2-Tx precoder () and 4-Tx precoder () should be non-coherent.
For partial coherent 8-port precoder, the 2-Tx precoder could be non-coherent and the 4-Tx precoder could be partial/full coherent, or the 2-Tx precoder could be full coherent and the 4-Tx precoder could be partial/non-coherent. For the two matrices,  and , one should be 2-Tx precoder, and the other one should be 4-Tx precoder. Which matrix is 2Tx or 4Tx, and the coherence selection of  and  depends on the number of antenna groups and the co-phasing ports of the partial coherent UE.

Case A: partial coherent UE with two antenna groups
For partial coherent UE with two antenna groups, each group has four coherent ports. Assuming the coherent ports are {#0, #2, #4, #6} and {#1, #3, #5, #7}, then the partial coherent precoders could be generated according to Equation (1), where  is a Rel-15 full coherent 2Tx precoder, and  is a Rel-15 partial coherent 4Tx precoder.

Case B: partial coherent UE with four antenna groups
For partial coherent UE with four antenna groups, each group has two coherent ports. Assuming the coherent ports could be {#0, #2}, {#4, #6}, {#1, #3}, and {#5, #7}, then the partial coherent precoders could be generated according to Equation (1), where  is a Rel-15 non-coherent 2Tx precoder, and  is a Rel-15 partial coherent 4Tx precoder.

Similar as full coherent case, Equation (1) can directly generate the partial coherent/non-coherent precoders with 8-ports for Rank-, where  and .
For ,  could be set to 1, and  could be set to , i.e.,  is a 2Tx precoding matrix with Rank-1, and  is a 4Tx precoding matrix with Rank-.
For ,  could be set to 2, and  could be set to , i.e.,  is a 2Tx precoding matrix with Rank-2, and  is a 4Tx precoding matrix with Rank-3 or Rank-4.
For Rank value , the 8-port precoding matrix could be generated for Rank-() using Equation (1), and then one specific column is dropped, for example, the last column could be dropped.

Using Equation (1) is flexible, and it could also be applied for other alternatives on the coherent ports for partial coherent UE.
For example, for Ng=2 and the coherent ports are {#0, #1, #2, #3} and {#4, #5, #6, #7}, then the partial coherent precoders could be generated according to Equation (1), where  is a Rel-15 non-coherent 2Tx precoder, and  is a Rel-15 full coherent 4Tx precoder.
In another example, for Ng=4 and the coherent ports are {0,1}, {2,3}, {4,5}, and {6,7}, then the partial coherent precoders could be generated according to Equation (1), where  is a Rel-15 non-coherent 4Tx precoder, and  is a Rel-15 full coherent 2Tx precoder.

Therefore, we have the following proposal.
Proposal 5:
· For partial coherent/non-coherent precoders with 8Tx, support the precoders generated by Kronecker product of Rel-15 UL 2Tx and 4Tx precoders.

2.1.3 Codebook subset configuration
In NR Rel-15, codebook subsets are defined, including fullyAndPartialAndNonCoherent codebook subset, partialAndNonCoherent codebook subset, and noncoherent codebook subset.
In fullyAndPartialAndNonCoherent codebook subset, the full coherent/partial coherent/non-coherent precoders are included. In partialAndNonCoherent codebook subset, the partial coherent/non-coherent precoders are included. In noncoherent codebook subset, only non-coherent precoders are included. Figure 5 illustrates the codebook subset configuration in Rel-15.


[bookmark: _Ref118584017]Figure 5 Codebook subset configuration in Rel-15
In Rel-18, it should be discussed whether the same principle as Rel-15 is used for 8-Tx PUSCH codebook subset configuration. For example, whether the fullyAndPartialAndNonCoherent codebook subset should include the precoders for all the coherence.
Following Rel-15 design principle seems to be logical and natural extension. It’s also beneficial from performance perspective.
Proposal 6:
· RAN1 to discuss the codebook subset configuration, i.e., whether the Rel-15 principle should be followed.

2.1.4 TPMI indication
In NR Rel-15, the TPMI indication is joint encoding of rank indicator and precoder indicator. In NR Rel-17, two TPMI fields are included in the DCI in the scenario of multi-TRP operation.
The TPMI indication is important for codebook based PUSCH transmission with 8Tx and require careful discussion. The codebook design and the codebook subset configuration could have impact on the TPMI signalling design.

Alt 2-a based codebook for full coherent/partial coherent/non-coherent precoders
If Alt 2-a is used for full coherent precoders, i.e., Alt 2-a is used for all the coherence types, then a unified TPMI signalling could be applied.
In this case, two TPMI fields could be included in the DCI. If Equation (1) is used for Alt 2-a, then one TPMI field could indicate Rel-15 UL 2Tx precoder, and another TPMI field could indicate Rel-15 UL 4Tx precoder.
For Alt 2-a, if the 8-port precoder is based on concatenation of two Rel-15 UL 4Tx precoders, then two TPMI fields could be included in the DCI, and one TPMI field could indicate UL 4Tx precoder, and another TPMI field indicates another UL 4Tx precoder.
With Alt 2-a for all the coherence types, the Rel-15 codebook subset configuration principle could also be applied for Rel-18 design.

Alt 1-b based codebook (Type I codebook) for full coherent precoders
If Type I codebook is used for full coherent precoders, it means different solution are used for different full coherence type, i.e., for full coherent precoders, it is based on Type I codebook, and for partial coherent/non-coherent precoders, it is based on Alt 2-a.
In this case, if the Rel-15 codebook subset configuration is used, in order to use unified TPMI signalling for all the coherence types, the possible solution is to define the entire precoding matrix tables, similar as Rel-15, and use joint encoding of rank indicator and precoder indicator for TPMI indication. Only one TPMI field is needed with extended field length. However, this solution may require a lot of spec work.
If the Rel-15 codebook subset configuration is not used, for example, the full coherent codebook subset only contains full coherent precoders, then some specific TPMI signalling could be defined for Type I based codebook.
For example, if joint encoding of rank indicator and precoder indicator is applied, then the precoding matrix based on Type I codebook should be defined. The second option is to use separate rank indicator and precoder indicator, which may not be efficient from overhead perspective, however.
The third option is to indicate the parameters , , , and  for Type I codebook to construct the precoder with 8 ports. In order to reduce the DCI overhead, a subset of , , , and  could be applied for the Type I codebook.

Therefore, we have the following proposal on TPMI indication.
Proposal 7:
· RAN1 to further discuss the TPMI indication for 8Tx UL, e.g., TPMI field(s) enhancement, considering the codebook design for UE coherence and the codebook subset configuration.

2.2 Dual codewords operation
In RAN1 #110bis-e meeting, working assumption was reached that dual codewords could be used for PUSCH transmission with rank>4.
	Working Assumption
For uplink transmission with rank>4, support dual CW transmission.


With dual codewords, we think different MCS could be used for better performance. We suggest confirming the working assumption.
Proposal 8:
· RAN1 to confirm the working assumption on dual codewords for PUSCH transmission with rank>4.

2.2.1 MCS/RV/NDI
When dual codewords are used for PUSCH, different MCS/RV/NDI could be used, similar as downlink operation, which could be beneficial from performance perspective. In order to enable codeword specific MCS/RV/NDI, two MCS/RV/NDI fields could be configured in the DCI scheduling PUSCH.
Proposal 9:
· For two codewords, RAN1 to consider different MCS/RV/NDI field for different codeword.

2.2.2 Switching between single codeword and dual codewords
For PUSCH, the maximum rank value is configured by RRC. When the maximum rank value is configured to be larger than 4, the rank <=4 can also be scheduled for PUSCH transmission. According to the agreement in RAN1 #110 meeting, single codeword is used for rank<=4. Therefore, the switching between single codeword and dual codewords should be supported.


[bookmark: _Ref118474128]Figure 6 Switching between single codeword and dual codewords
As shown in Figure 6, if the maximum number of layers is configured to be larger than 4, then two MCS/NDI/RV fields should be included in the DCI, corresponding to dual codewords. When rank>4 is indicated, then both MCS/RV/NDI fields are used. When rank<=4 is indicated, only the first NCS/RV/NDI field is used, and the second MCS/RV/NDI field should be ignored by the UE.
Proposal 10:
· RAN1 to discuss the switching between single codeword and two codewords operation. The switching could be based on the indicated rank value.

2.2.3 UCI multiplexing
For PUSCH transmission with dual codewords, another issue is UCI multiplexing. In the legacy spec, the UCI, including HARQ-ACK, CSI Part I and CSI Part II, is mapped to all the layers, where all the layers are transmitted using only one codeword.
In Rel-18, for PUSCH with dual codewords, it should be discussed whether UCI is mapped to only one codeword or the UCI could be mapped to both codewords.
If the UCI is mapped to both codewords, the multiplexing seems to be complicated, especially if different MCS is used for different codeword. The resource allocation for UCI over two codewords might be different, as shown in Figure 7, considering different number of layers and different MCS across codewords. In addition, dual beta-offset should be required to multiplex UCI over two codewords.


[bookmark: _Ref118470862]Figure 7 UCI multiplexing with two codewords
In contrast, multiplexing UCI to only one codeword seems to be simpler solution, for example, the UCI is multiplexed with the first codeword, as shown in Figure 8.


[bookmark: _Ref118470645]Figure 8 UCI multiplexing with one codeword
Therefore, we have the following proposal.
Proposal 11:
· RAN1 to discuss the UCI multiplexing when two codewords are used. It is preferred that the UCI is multiplexed with only one codeword for simplicity, e.g., the first codeword.

2.3 Full power operation
2.3.1 UE PA architecture
In Rel-16, full power operation was introduced with different full power operation mode, i.e., Mode 0, Mode 1 and Mode 2. There were three kinds of UE PA architectures considered in Rel-16 full power operation, as shown in Figure 9.
a) All the UE PAs can deliver full power
b) None of the UE PAs can deliver full power
c) A subset of the UE PAs can deliver full power
The maximum output power of one PA could be 23dBm, 20dBm, or 17dBm.


[bookmark: _Ref110287078]Figure 9 UE PA architecture for Rel-16 full power operation with 2Tx
In RAN1 #110bis-e meeting, it was agreed that at least one potential PA architecture should be identified in RAN1 #111 meeting.
	Agreement
In Rel-18, on support of full power operation by a partial/non-coherent 8TX UE configured with codebook-based transmission, 
· Identify and agree on at least one potential PA architecture by RAN1 meeting #111


If the UE PA architecture in Rel-16 is extended to 8Tx, i.e., a) all the 8 PAs can deliver full power; b) none of the 8 PAs can deliver full power; c) a subset of the 8 PAs can deliver full power; then an example of the UE PA architecture that can be considered in Rel-18 is shown in Figure 10.


[bookmark: _Ref118475510]Figure 10 UE PA architecture with 8Tx for full power operation
For full power operation, Mode 0 is most simple. Both Mode 1 and Mode 2 require more discussion. Therefore, the UE PA architecture for full power Mode 0, i.e., each PA can deliver full power, could be starting point.
Proposal 12:
· For full power operation with 8Tx, RAN1 to consider the UE PA architecture where each PA can deliver full power as starting point.

2.4 Non-codebook based transmission
2.4.1 SRI indication
In RAN1 #110bis-e meeting, it was agreed that one SRS resource set with up to 8 single port SRS resources will be supported for non-codebook based transmission in Rel-18.
It should be further discussed on the SRI indication signalling. One option is to follow the Rel-15 design principle, i.e., joint encoding of rank indicator and SRS resource indicator. The other option is to use a bitmap for SRI indication. In comparison, using bit map leads to more overhead and is not preferred.
Table 2 shows an example of the overhead comparison between joint encoding and bitmap with Lmax=1.
[bookmark: _Ref118477401]Table 2 Overhead comparison with Lmax=1
	
	NSRS=2
	NSRS=3
	NSRS=4
	NSRS=5
	NSRS=6
	NSRS=7
	NSRS=8

	Bit field for joint encoding
	0
	0
	0
	0
	0
	0
	0

	
	1
	1
	1
	1
	1
	1
	1

	
	
	2
	2
	2
	2
	2
	2

	
	
	
	3
	3
	3
	3
	3

	
	
	
	
	4
	4
	4
	4

	
	
	
	
	
	5
	5
	5

	
	
	
	
	
	
	6
	6

	
	
	
	
	
	
	
	7

	Field length for joint encoding
	1
	2
	2
	3
	3
	3
	3

	Field length for bitmap
	2
	3
	4
	5
	6
	7
	8



Proposal 13:
· For non-codebook based transmission, joint encoding of SRI and RI is preferred for overhead reduction.

3. Conclusion
In conclusion, we have the following observation and proposals on 8Tx UL enhancements in Rel-18.
Observation 1:
· Regarding the phase error impact on full coherent precoders with 8Tx, Alt 1-b is more sensitive to the phase error, while Alt 2-a shows robustness.
Proposal 1:
· For full coherent precoders with 8Tx, support to introduce UE capability on whether Alt 1-b or Alt 2-a is used.
Proposal 2:
· For Type I codebook, RAN1 to discuss the oversampling factor values to be used.
Proposal 3:
· For partial coherent UE with 8Tx, the number of antenna groups should be reported.
Proposal 4:
· For partial coherent UE with 8Tx, at least support the following coherent ports:
· For Ng=2, two coherent groups of {0,2,4,6} and {1,3,5,7}.
· For Ng=4, four coherent groups of {0, 2}, {4, 6}, {1, 3} and {5, 7}.
Proposal 5:
· For partial coherent/non-coherent precoders with 8Tx, support the precoders generated by Kronecker product of Rel-15 UL 2Tx and 4Tx precoders.
Proposal 6:
· RAN1 to discuss the codebook subset configuration, i.e., whether the Rel-15 principle should be followed.
Proposal 7:
· RAN1 to further discuss the TPMI indication for 8Tx UL, e.g., TPMI field(s) enhancement, considering the codebook design for UE coherence and the codebook subset configuration.
Proposal 8:
· RAN1 to confirm the working assumption on dual codewords for PUSCH transmission with rank>4.
Proposal 9:
· For two codewords, RAN1 to consider different MCS/RV/NDI field for different codeword.
Proposal 10:
· RAN1 to discuss the switching between single codeword and two codewords operation. The switching could be based on the indicated rank value.
Proposal 11:
· RAN1 to discuss the UCI multiplexing when two codewords are used. It is preferred that the UCI is multiplexed with only one codeword for simplicity, e.g., the first codeword.
Proposal 12:
· For full power operation with 8Tx, RAN1 to consider the UE PA architecture where each PA can deliver full power as starting point.
Proposal 13:
· For non-codebook based transmission, joint encoding of SRI and RI is preferred for overhead reduction.
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Appendix: Simulation assumptions

Table 3 System level simulation assumptions
	Parameter
	Value

	Scenario
	Umi

	ISD
	200 m

	Carrier frequency
	3.5 GHz

	Simulation bandwidth
	20 MHz

	Subcarrier spacing
	30 kHz

	Number of UEs
	210

	UE speed
	3km/h

	Traffic model
	Full buffer

	gNB antenna configuration
	(M,N,P,Mg,Ng)=(4,4,2,1,1) with (dH,dV)=(0.5,0.8)λ

	UE antenna configuration
	(M,N,P,Mg,Ng)=(1,4,2,1,1) with (dH,dV)=(0.5,0.5)λ

	MIMO scheme
	SU-MIMO

	Precoding
	Wideband

	Scheduling
	Proportional fair

	UE power class
	23 dBm

	Power control
	Alpha=0.8, P0=-50dBm
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