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Introduction
In RAN1#112bis meeting, SRI and codebook enhancement for uplink 8 Tx transmission was discussed with the following agreements:

Conclusion
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), there is no consensus to support any optional over-sampling ratio.

Working Assumption
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 codebook, Ng=4, Alt1 is supported where
· Precoding design is based on Rel-15 UL 2TX codebook, 
· Full-coherent precoders are used
· Further study codebook size reduction

Agreement
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)


Note: Above is not relevant to how precoders are indicated.

Agreement
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)




Agreement
For non-coherent uplink precoding with rank≤8 by an 8TX UE, down-select from
· Alt1. – All 255 combinations from 8 non-coherent rank1 precoders are supported
· Alt2. – Only a subset of Alt1. is supported, striving for a substantial reduction in the number of precoders

Others to support 8 ports

Agreement
To configure PUSCH transmission by an 8TX UE, 
· Alt2: Max number of MIMO layers is RRC configured by extending the range of the legacy parameter maxRank and maxMIMO-Layers to 8

Agreement
To support dual CW PUSCH operation by an 8TX UE, if CBG-based transmission is configured, the DL principle for CBGTI DCI field is reused where,
· The first half of CBGTI field bits is used to indicate the transmission state of CBGs of the first transport block, while the second half of CBGTI field bits is used to indicate the transmission state of CBGs of the second transport block.
· The bit field may be configured to have a length of N bits that can support operation of N/2 CBGs , where N=[2, 4, 6 or 8].

Agreement
For 8TX UE supporting dual CW PUSCH (Maximum number of layers configured for the UE is larger than 4) 
· Alt1 – DL principle is reused for disabling transmission of a transport block, where
· The combination of IMCS = 26 and rvid = 1 indicated for a CW is used as an indication to disable (when transmission rank<=4) transmission of its corresponding TB
· The enabled transport block is mapped to the first CW.
· Note: When the transmission of a transport block is disabled, the number of layers is ≤ 4.
· Note: the first CW refers to the enabled CW.

Agreement
To support UCI multiplexing on PUSCH for transmission with rank>4 by an 8TX UE, UCI is always multiplexed only on one of the scheduled CWs
· Alt2: The CW with the higher MCS index (if MCS indices are the same, UCI is multiplex on the first CW)
· Note: in case of PUSCH retransmission, the initial MCS is used for CW selection.

Agreement
For NCB-based 8TX PUSCH transmission with , where  is the number of configured single-port SRS resources in a resource set,
· Support Option 2 where a legacy-based solution is used by extending the existing SRI indication tables to include NSRS=8 and lmax=8

Agreement
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 

In this contribution, we further discuss the codebook design and DL signaling design to support 8Tx uplink transmission.
Discussion
1.1. Codebook design for 8 Tx uplink
Full-coherent codebook
For full-coherent 8Tx codebook, downlink 8Tx Type 1 codebook is reused. To configure codebook parameters to UE, the following aspects can be considered:
· Two antenna architectures, (N1,N2)=(4,1)(2,2) are supported in Rel-18. UE can report one of the antenna architectures to gNB, and gNB is not expected to configure a different (N1, N2) from the one reported by UE. 
· In Rel-15, no RI restriction is introduced and only max-rank is applied to codebook transmission. However, 8Tx codebook is significantly larger than 4Tx codebook, and the signaling overhead would be nearly doubled. In this case, the RI restriction for DL codebook may be reused for uplink to control the signaling overhead for TPMI. 
· Another way to reduce the signaling overhead is CBSR. The CBSR can be used to restrict some of the beams/co-phasings for full-coherent codebook, or some of the layer splits for partial-coherent codebook, or some of the 2Tx/4Tx codewords used to generate the 8Tx partial-coherent CB.
· For uplink 8Tx CB, considering the DCI overhead, it may not be needed to indicate {k1, k2} for DFT vector offset via DCI. RRC signaling can be used instead, without much performance loss. 
Proposal 1: At least part of the following parameters can be configured by RRC for 8Tx codebook
· (N1, N2), which is the same as UE reported values
· RI restriction, which would impact the TPMI size
· CBSR, which indicates the available codebook parameters for 8Tx CB
· (k1, k2), for DFT vector offset among layers (if not indicated by DCI)
Partial-coherent codebook
4 Tx full-coherent codebook was agreed to be used to generate 8Tx partial-coherent codebook with Ng=2. Some layer splits were also agreed as working assumption. However, we think further down selection from the layer splits is needed considering the following aspects:
· For legacy 4Tx partial-coherent codebook, only layer splits of (1,1) (1,2) (2,2) are supported for rank 2-4. For 8Tx partial-coherent codebook, similar layer splits can be supported. The benefit of additional splitting is unclear. Similarly, for rank>4, one layer split is enough for each rank. The benefits of further premutation needs to be justified. 
· The DCI overhead should be considered. Based on the update below, at least one bit can be saved for TPMI signaling. 
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups
	 Number of codewords without reduction
	Number of codewords with reduction

	2
	(2,0), (0,2)
	· 
	16
	0

	2
	· 
	(1,1)
	256
	256

	3
	(3,0), (0,3)
	· 
	    4
	     0

	3
	· 
	(1,2), (2,1)
	256
	128

	4
	(4,0), (0,4)
	· 
	    2
	    0

	4
	· 
	(2,2)
	64
	64

	5
	· 
	(2,3), (3,2)
	64
	32

	6
	· 
	(3,3)
	16
	16

	7
	· 
	(3,4), (4,3)
	16
	8

	
	· 
	Total
	694
	504

	
	· 
	Overhead
	10bits
	9 bits


· Mapping layers from one codeword to the same antenna group would be also beneficial for link adaptation, since the SINR of layers in the same antenna group would be similar. 
· Different PTRS power boosting should be applied when different number of antenna groups are used for PUSCH transmission. Reduction of layer splits would simply the PTRS power boosting. 
Proposal 2: For partial-coherent uplink codebook with Ng=2, only support the following layer splitting in the working assumption:
	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)



For partial coherent codebook, it was agreed that 2Tx full-coherent codebook is used to generate codebook for Ng=4. Some of the layer splits were agreed in the past meeting, and some others were listed for further down selection. 
· In our understanding, selection of antenna port group is more important than allocation of layers to selected antenna port group. Hence, to restrict the DCI overhead to no more than 10bits, some of the layer splits with layers premutation among the same antenna groups can be removed. 
· The codeword distribution among ranks should also be considered. For rank larger than 4, less codewords can be allocated considering the negligible improvement. 
· The DCI overhead can be reduced with further down selection. Based the following table (the agreed combinations are marked as green), removing some of the layer premutation can save 2bits overhead. 
	Rank
	Layers split across 4 Antenna Groups
(All possible permutations)
	Max number of candidate cases
	Max number of candidate codewords
	Max number of cases after pruning  
	Max number of codewords after pruning

	1
	(1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1)
	4
	4*4=16
	4
	16

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

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)
	10
	4*2+6*16=104
	10
	104

	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)
	16
	12*8+4*64=352
	6
	6*8+1*64=112

	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)

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)

Transmission by 4 of the 4 antenna groups:
(1,1,1,1)
	19
	6*4+1*256+12*32=664
	11
	6*4+1*256+4*32=408

	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)
	16
	12*16+4*128=704
	5
	4*16+1*128=192

	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)
	10
	4*8+6*64=416
	5
	4*8+1*64=96

	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)
	4
	4*32=128
	1
	32

	8
	(2, 2, 2, 2)
	1
	16
	1
	16

	Total number for all ranks
	
	2400 (12bits)
	
	976 (10bits)


· It would be difficult to capture a codebook with a large number of layer splits in the specification. Reduction of layer splits would simplify the standardization effort. Reduction of layer splits would also reduce the gNB complexity to select a codeword among a huge codebook.
· Different PTRS power boosting should be applied when different number of antenna groups are used for PUSCH transmission. Further down selection would also simplify the PTRS power boosting.  
Proposal 3: For partial-coherent uplink codebook with Ng=4, support the following layer splitting cases:
	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)



Non-coherent codebook
For non-coherent codebook with rank n, n antenna ports need to be selected from 8 ports for the transmission. If all the antenna port combinations are supported, up to 8 bits is needed to support max rank of 8. There can be two alternatives to derive and indicate non-coherent codebook for 8Tx:
· Alt.1: Similar to non-codebook based transmission, all antenna port combinations are supported with up to 8 bits signaling. In this case, the signaling of SRI indication for non-codebook can be reused for TPMI indication for non-coherent codebook, e.g. use 8 bits length bitmap or use a mapping table with lower overhead. 
· Alt.2: Only part of the antenna port combinations are supported with signaling overhead reduction. Considering the performance of many antenna port combinations is similar, the codebook can only support a small subset of antenna selection precoders. For example, the antennae which are far from each other can be selected for transmission of different layers to reduce possible interference. By this way, the signaling overhead can be significantly reduced. 
For full-coherent and partial-coherent codebook, based on current agreement, the signaling overhead for TPMI would be ~10bits. In this case, 8 bits overhead for non-coherent codebook would not be an issue. Then all port combinations can be supported with full flexibility. 
Proposal 4: For non-coherent 8Tx codebook, all antenna port combinations are supported.
Codebook configuration
For codebook configuration for UE with different coherent capabilities, 3 alternatives were discussed in the RAN1#112bis meeting:
· For Alt1, a UE with a high coherency can be configured with one or more codebooks for the same or lower coherency. With Alt1, multiple codebooks for different coherency can be configured for a UE with full flexibility, similar to the legacy mechanism. However, the size of 8Tx codebook would be increased by many times compared to 4Tx codebook. Alt1 would lead to high DCI overhead and significant gNB complexity to select the codeword. 
· For Alt2, a UE with a high coherency can be configured with one of the codebooks for the same or lower coherency. High layer signaling based switching among codebooks for different coherency can be supported by Alt2. The flexibility is lower than Alt1, as well as DCI overhead. 
· For Alt3, a UE with a coherency can only be configured with the codebook for the same coherency. Though the DCI overhead is similar to Alt2 and lower than Alt1, some of the flexibility is lost for Alt3. For example, gNB cannot indicate codeword in a codebook for low coherency for power saving purpose.  
Based on the above analysis, Alt2 can be a good compromise between Alt1 and Alt3. 
[bookmark: _GoBack]Proposal 5: On the codebook configuration for different coherent capabilities, support Alt.2.
TPMI signaling
Different codebook designs were agreed for full-coherent, partial coherent and non-coherent codebook. For full coherent codebook, DL type 1 codebook is reused. The TPMI should include beam information (e.g. i1) and co-phasing information (e.g. i2), and possible i1,3 for (k1, k2). For partial-coherent codebook, one or two precoders (Ng=2), or up to four precoders (Ng=4) need to be indicated by TPMI. For non-coherent codebook, different PMIs correspond to selected different antenna ports. To simplify the standardization effort for TPMI signaling design, a unified TPMI signaling framework is preferred for different codebooks, at least for partial coherent codebook with different Ng and full-coherent codebook.
[bookmark: _Hlk130830993]Proposal 6: Strive for unified TPMI signaling at least for partial coherent codebook with different Ng and full-coherent codebook.
Antenna port grouping
For antenna port index numbering, the following principle should be considered:
· The antenna port numbering should be consistent between downlink and uplink codebook, and between UL 2/4Tx and 8 Tx codebooks.
· The antenna port numbering should be the same across different coherent assumptions.
· The antennae with one polarization group should be in the same coherent group.
For DL 8Tx codebook design, antenna port {0,1,2,3} and {4,5,6,7} correspond to different polarizations, and ports {0,4}{1,5}{2,6}{3,7} correspond to four polarized antenna groups, as shown below.


Fig.4: Antenna port numbering for DL 8Tx codebook with {N1,N2=4,1}
With the same antenna layout, we think the two coherent groups should be antenna ports {0,1,4,5} and {2,3,6,7} for uplink codebook design with Ng=2, as shown left in Fig.5. For Ng=4, similarly, the four coherent groups should be antenna port {0,4}{1,5}{2,6}{3,7}, as shown right in Fig.5. 



Fig.5: Antenna port numbering for UL 8Tx codebook with Ng=2,4
For full coherent case, DL 8Tx type 1 codebook is reused, which can be directly applied to the above antenna port numbering. For partial coherent and non-coherent codebook, if the codebook is designed with different assumption from above port indexing, a row permutation to the codebook is needed.
Proposal 7: For Ng=2, support two coherent groups of {0,1,4,5} and {2,3,6,7}; For Ng=4, support four coherent groups of {0,4}, {1,5}, {2,6} and {3,7}.
1.2. TRI/TPMI for 8 Tx uplink
In the past meetings, one SRS resource set was agreed to support uplink codebook or non-codebook based 8-port transmission. Whether to support multiple SRS resource sets needs further study. We don’t think it is needed to additionally support multiple SRS resource sets considering the following aspects:
· The number of antenna groups is not related to the number of SRS resource set. One SRS resource set can support any number of antenna group as for 4 Tx uplink.
· The coherence capability and codebook subset configuration is not related to the number of SRS resource. One SRS resource set can support all coherent configurations. 
· Multiple SRS resource sets would introduce additional standardization effort for RI/PMI/SRI indication and also additional mechanism to differentiate SRS resource sets for Rel-17 PUSCH repetition. 
With one SRS resource set, it is not needed to support multiple SRI/RI/TPMI for codebook-based 8Tx transmission. The SRI indication can reuse that of Rel-17 and indicate one of the SRS resource. One RI/PMI based on the SRS resource set can be used for different number of antenna groups and different coherent configurations. How to indicate RI and PMI is depended on the codebook design.
Proposal 8: Multiple SRS resource sets for CB or NCB based 8-port uplink transmission is not needed. 
Proposal 9: one SRI/TRI/TPMI indication is sufficient for uplink codebook based 8-port transmission.
1.3. Full power transmission for 8 Tx uplink
For full power transmission with 8Tx, Rel-16 full power Mode0 was supported, and full power Mode1 and Mode2 were agreed as working assumption. For full power Mode1, once the 8Tx full-coherent codebook design is completed, no further standardization effort is needed.  But for full power Mode2, further standardization effort is needed for definition of precoder groups and enhancement to SRS resource configuration. For 8Tx partial coherent codebook, two values of Ng are supported, and a number of layer splits are introduced for each value of Ng. In this case, definition of precoder groups would be much more difficult than that in Rel-16. More possible PA architectures should be considered with more precoder groups. Hence, it is proposed to support full power Mode 1 firstly, and deprioritize full power mode 2 considering only two meetings left for Rel-18. 
Proposal 10: Confirm the working assumption for Rel-16 full power Mode 1 for uplink 8Tx transmission.
· Rel-16 full power Mode 2 for uplink 8Tx transmission can be deprioritized.
Conclusion
In this contribution, we discuss the solutions for codebook design and TRI/TPMI/SRI indication for 8 Tx uplink transmission. To summarize, we have the following proposals:
Proposal 1: At least part of the following parameters can be configured by RRC for 8Tx codebook
· (N1, N2), which is the same as UE reported values
· RI restriction, which would impact the TPMI size
· CBSR, which indicates the available codebook parameters for 8Tx CB
·  (k1, k2), for DFT vector offset among layers (if not indicated by DCI)
Proposal 2: For partial-coherent uplink codebook with Ng=2, only support the following layer splitting in the working assumption:
	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)



Proposal 3: For partial-coherent uplink codebook with Ng=4, support the following layer splitting cases:
	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)


Proposal 4: For non-coherent 8Tx codebook, all antenna port combinations are supported.
Proposal 5: On the codebook configuration for different coherent capabilities, support Alt.2.
Proposal 6: Strive for unified TPMI signaling at least for partial coherent codebook with different Ng and full-coherent codebook.
Proposal 7: For Ng=2, support two coherent groups of {0,1,4,5} and {2,3,6,7}; For Ng=4, support four coherent groups of {0,4}, {1,5}, {2,6} and {3,7}.
Proposal 8: Multiple SRS resource sets for CB or NCB based 8-port uplink transmission is not needed. 
Proposal 9: one SRI/TRI/TPMI indication is sufficient for uplink codebook based 8-port transmission.
Proposal 10: Confirm the working assumption for Rel-16 full power Mode 1 for uplink 8Tx transmission.
· Rel-16 full power Mode 2 for uplink 8Tx transmission can be deprioritized.
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