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Introduction
This contribution provides Samsung’s view regarding the remaining issues on 8Tx UL operation. 

Potential enhancements
1.1 Codebook-based transmission
	Agreement [4]
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



It was agreed in RAN1#110bis-e that full coherent precoders correspond to , and partial coherent precoders correspond to . It is FFS whether full coherent precoders can be associated with . In our view, if two antenna groups are FC, they essentially can be combined into one antenna group. Therefore, the support for full coherent precoders for  is not needed. 

Observation 1: if two antenna groups comprise coherent antennae, they essentially can be combined into one antenna group for codebook design

Proposal 1: antennae within a group are coherent, and antennae across multiple groups are non-coherent
· Do not support full coherent precoders with 

A parameterized approach can be used to describe the codebook and associated signalling. This would simplify the design and is scalable to >8Tx UL operations, if needed, in future. A similar approach has been used in legacy Rel. 15 Type I codebook, wherein parameters  are used to describe the codebook design and associated configurations.

Observation 2: a parameterized approach similar to Rel. 15 DL Type I codebook can be adopted to simply codebook design and to have a solution scalable to >8Tx, if needed, in future

In particular, different 8Tx antenna structures can be described based on the following parameters.
·  for cross-pol.
·  number of antenna groups.
·  Number of antennae in 1st dimension.
·  Number of antennae in 2nd dimension.

The number of groups () can be used to describe antenna coherence types, i.e. full-coherent (FC), partial-coherent (PC), and non-coherent (NC). In particular,
· FC: 
· PC: 
· NC: 

The tuple  can take following values.
· FC: 
· PC: 
· NC: 

Proposal 2: reuse DL Type I codebook parameters () to describe/configure 8Tx UL codebook for different coherence types
· FC: 
· PC: 
· NC: 
· FC/PC precoders: comprises two components 
· for precoders associated with less than  groups, selection of antenna group(s)
· precoder associated with the selected antenna group(s)
· NC precoders: selection of antenna group(s), where a group comprises single antenna

Codebook design

Considering that the TPMI indication is WB and it is indicated via UL-DCI, the TPMI payload (i.e., overall codebook size) should be restricted, for example, a few bits more than 4Tx TPMI overhead (which is at most 6 bits). We can use the principle of the legacy Rel.15 4Tx UL codebook, in which the number of precoders decreases with increasing rank value. 

Proposal 3: to reduce 8Tx TPMI payload, reuse the legacy principle (e.g. Rel.15 4Tx UL codebook) in which number of precoders for higher rank values is restricted to a small value.

2.1.1 Full-coherent

	Conclusion [1]
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.



There are two issues remaining for FC precoders.
· CodebookMode: in DL Type I codebook, codebookMode1 corresponds to  (single DFT beam) and codebookMode2 corresponds to . Similar to FC precoders in Rel. 15 UL 4Tx codebook, the number of DFT beams can be fixed to 1 (i.e., ). This can be save up to 2 bits when compared with .
· Codebook size: to reduce the TPMI payload, the Rel. 15 Type I codebook can be subsampled, thereby supporting a subset of Rel. 15 Type I precoders as as FC precoders in 8Tx UL codebook. For instance, the subsampling factor can be  for rank 1-2, and  for rank > 2. As shown in Appendix, a similar approach was adopted while designing the Rel. 15 UL 4Tx codebook. An example of the subsampling is shown in Table 2, wherein
· : subsamping for rank > 4
·  (rank 2-4): as shown in section 3, there is no significant performance loss with the restriction . 
· : no subsamping 

Table 1: All possible FC precoding matrices based on DL Type I codebook indices 
	Rank
	
	

	
	
	
	
	
	
	Total
	
	
	
	
	
	Total

	1
	1
	0,1,2,3
	0
	
	0,1,2,3
	16
	(1,1)
	0,1
	0,1
	
	0,1,2,3
	16

	2
	1
	0,1,2,3
	0
	0,1,2,3
	0,1
	32
	(2,2)
	0,1
	0,1
	0,1,2,3
	0,1
	32

	3
	1
	0,1,2,3
	0
	0,1,2
	0,1
	24
	(1,1)
	0,1
	0,1
	0,1,2
	0,1
	24

	4
	1
	0,1,2,3
	0
	0,1,2
	0,1
	24
	(1,1)
	0,1
	0,1
	0,1,2
	0,1
	24

	5
	1
	0,1,2,3
	0
	
	0,1
	8
	(1,1)
	0,1
	0,1
	
	0,1
	8

	6
	1
	0,1,2,3
	0
	
	0,1
	8
	(1,1)
	0,1
	0,1
	
	0,1
	8

	7
	1
	0,1
	0
	
	0,1
	4
	(1,1)
	0,1
	0,1
	
	0,1
	8

	8
	1
	0,1
	0
	
	0,1
	4
	(1,1)
	0,1
	0,1
	
	0,1
	8

	
	
	
	
	
	
	120
	
	
	
	
	
	128



[bookmark: _Ref134958797]Table 2: Subsampled FC precoding matrices based on DL Type I codebook indices 
	Rank
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	Total
	
	
	
	
	
	Total

	1
	1
	0,1,2,3
	0
	
	0,1,2,3
	16
	(1,1)
	0,1
	0,1
	
	0,1,2,3
	16

	2
	1
	0,1,2,3
	0
	0
	0,1
	8
	(2,2)
	0,1
	0,1
	0
	0,1
	8

	3
	1
	0,1,2,3
	0
	0
	0,1
	8
	(1,1)
	0,1
	0,1
	0
	0,1
	8

	4
	1
	0,1,2,3
	0
	0
	0,1
	8
	(1,1)
	0,1
	0,1
	0
	0,1
	8

	5
	1
	0,1
	0
	
	0,1
	4
	(1,1)
	0,1
	0
	
	0,1
	4

	6
	1
	0,1
	0
	
	0,1
	4
	(1,1)
	0,1
	0
	
	0,1
	4

	7
	1
	0,1
	0
	
	0,1
	4
	(1,1)
	0,1
	0
	
	0,1
	4

	8
	1
	0,1
	0
	
	0,1
	4
	(1,1)
	0,1
	0
	
	0,1
	4

	
	
	
	
	
	
	64
	
	
	
	
	
	64



Simulation results comparing FC precoders with or without subsampling are provided in Section 3. It has been shown that the number of rank 1-4 FC precoders can be around 64 in order to achieve the best UPT vs TPMI overhead trade-off. It has also been shown that there is no performance loss with restriction  to 0.

Proposal 4: support the following regarding full-coherent precoder design
· CodebookMode1 ()
· Codebook subsampling: a subset of Rel. 15 Type I codebook is used as FC precoders in 8Tx UL codebook as shown in Table 2 
· : subsampling for rank > 4
· : only  
· : all values

2.1.2 Partial-coherent	

	Working Assumption [1]
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 [1]
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 [1]
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 [1]
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 [4]
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 [3]
For partially coherent uplink precoding by an 8TX UE codebook,
· When Ng=2
· Precoding design is based on Rel-15 UL 4TX codebook,
· Full-coherent precoders are used
· FFS whether partial-coherent precoders are needed
· When Ng=4, down-select from,
· Alt1:
· Precoding design is based on Rel-15 UL 2TX codebook,
· Full-coherent precoders are used
· Alt2:
· Precoding design is based on Rel-15 UL 4TX codebook,
· Partial-coherent precoders are used



A rank- 8Tx precoder for  can be based on one 4Tx FC TPMI or two 4Tx TPMIs, wherein the layer splitting is given by:
· Group 1: rank- 4Tx FC TPMI
· Group 2: rank- 4Tx FC TPMI
· ,  and 

Likewise, a rank- 8Tx precoder for  can be based on 1, 2, 3, or 4 Rel. 15 UL 2Tx TPMIs, wherein the layer splitting is given by:
· Group 1: rank- 4Tx FC TPMI
· Group 2: rank- 4Tx FC TPMI
· Group 3: rank- 4Tx FC TPMI
· Group 4: rank- 4Tx FC TPMI 
· ,  and 

For a given rank, however, there can be multiple alternatives/combinations for layer split  across groups, and hence the NW needs to provide the information about one of the multiple alternatives/combinations to the UE together with the up to  FC TPMIs. This information can be provided (a) via DCI, e.g., jointly via TPMI, or (b) separately, e.g. higher layer or MAC CE. The option (a) can incur very large TPMI overhead in DCI, which is not desired, and perhaps not needed to achieve a reasonable performance. The option (b) can help reduce the TPMI overhead and also simplify the PC codebook design.  

In (b), the UE is indicated with  -Tx FC TPMI(s) to be applied on  out of  antenna groups, where -th TPMI corresponds to rank  The information (index) about the mapping/order  can be configured/indicated to the UE, e.g. via higher layer or/and MAC CE based signalling.

Proposal 5: for 8Tx PC precoders, support separate indication of (i) up to  FC TPMIs and (ii) the mapping/ordering of the TPMIs to  groups
· For (i), the UE is indicated with  -Tx FC TPMI(s), where -th TPMI corresponds to rank   
· For (ii), the UE is indicated with the mapping/ordering  via higher layer or MAC CE

 case

We support to confirm the working assumption on the layer splitting across two antenna groups. We fail to see any technical reason behind preferring one antenna group over another. The number of layers assigned to an antenna group depends on the channel, not on the antenna group index. The antenna groups therefore should be assumed to be identical, and both values  and  should be supported.

The  values, according to the layer splits as in the working assumption from last meeting, are shown in Table 3, and the mapping/ordering .

[bookmark: _Ref134971733]Table 3
	Rank
	Rank of One 4Tx TPMI
	Rank of Two 4Tx TPMIs

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	



Finally, the FFS on mapping of layers of a CW to an antenna group, this is up to NW implementation, and there is no no need for any spec support.

Proposal 6: for 
· Support confirming the working assumption on the layer splitting values
· Support indication of  values according to Table 3 and the mapping .
· Do not support the restriction that all the layers for each CW is mapped to only one antenna group

 case

[bookmark: _Ref134971737]Table 4
	Rank
	Rank of One 2Tx TPMI
	Rank of Two 2Tx TPMIs
	Rank of Three 2Tx TPMIs
	Rank of Four 2Tx TPMIs

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	Total
	6
	28
	120
	496



For , all possible  values are shown in Table 4, and the total number of possible mapping/ordering of  for different  values is  (where  is 4 permutation ). The number of possible  values and the number of possible mapping are very large, and some of these values won’t bring significant performance benefits, especially  values for rank 5-8. We therefore support to prune (not support) such  values. For instance, the  values for three 2Tx TPMIs can be pruned out. The  values after this pruning are shown in Table 5, wherein the values in green were agreed last meeting. We support the remaining four  values. However, 

[bookmark: _Ref134973596]Table 5
	Rank
	Rank of One 2Tx TPMI
	Rank of Two 2Tx TPMIs
	Rank of Four 2Tx TPMIs

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	




Proposal 7: for 
· Do not support  values for 
· Support indication of  values according to Table 5 and the mapping/ordering .

2.1.3 Non-coherent

	Agreement [1]
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



In Alt1, the number of NC precoders is large, in fact, it is more than that for FC precoders. Many of these NC precoders similar (almost redundant) in terms of additional performance benefits that they can bring. For instance, the number of rank 4, 5, 6, 7 precoders are 70, 56, 28, 8, respectively. For high rank WB TPMI, there is no performance benefits in supporting all of these precoders. A substantial reduction in the number of NC precoders can achieve similar performance as Alt1. We therefore support Alt2. 

There are two simple schemes for reducing the number of NC precoders.
· Scheme 1: the 8Tx precoders are based on a selection of consecutive antenna ports, i.e., for rank , the selected antenna ports can be  where  indicates the first antenna port.
· Scheme 2: 8Tx NC precoders are based on legacy Rel.15 NC 4Tx precoders (Table 6). For rank 1-4, the 8Tx NC precoders can simple be based on selecting  antennae from one antenna group. And for rank  at least  antennae are selected for each antenna group. The corresponding 8Tx NC precoders are shown in Table 7, where  is a rank- Rel. 15 NC 4Tx precoder.

[bookmark: _Ref134657397]Table 6: NC precoders for each of the 2 groups of 4 ports
	4 rank1 TPMIs
	

	

	

	

	
	

	6 rank2 TPMIs
	

	

	

	

	

	


	1 rank3 TPMI and 1 rank4 TPMI 
	

	

	
	
	
	



[bookmark: _Ref134977114]Table 7
	Rank
	: All layers on one Antenna Group.:
	Number of 8Tx NC precoders
	: Layers split across 2 Antenna Groups,

	Number of 8Tx NC precoders

	1
	(0,1), (1,0) 
	4+4=8 
	
	

	2
	(0,2), (2,0)
	6+6=12
	
	

	3
	(0,3), (3,0)
	1+1=2
	
	

	4
	(0,4), (4,0)
	1+1=2
	
	

	5
	
	
	(2,3)
	6

	6
	
	
	(3,3)
	1x1=1

	7
	
	
	(3,4)
	1x1=1

	8
	
	
	(4,4)
	1x1=1

	Total=31
	
	24
	
	9



Proposal 8: for NC precoders, 
· support Alt2 and number of NC precoders is at most 32
· support one of the following schemes
· Scheme 1: 8Tx NC precoders are based on selecting consecutive antenna ports
· Scheme 2: 8Tx NC precoders are based on legacy Rel.15 NC 4Tx precoders, as shown in Table 7

2.1.4 Codebook subsets

	Agreement [1]
For codebook -based 8TX PUSCH transmission, down-select from,
· Alt1 
· A fully-coherent UE (Ng =1) can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =1, 2, 4, 8
· FFS which combinations of Ng value(s), to be considered
· A partially-coherent UE, with Ng =2 can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =2, 4, 8
· FFS which combinations of Ng value(s), to be considered
· A partially-coherent UE, with Ng =4, can be configured with precoders considered for at least one or more Ng cases, i.e., Ng= 4, 8
· FFS which combinations of Ng value(s), if any, to be considered
· A non-coherent UE, Ng =8, can only be configured with precoders considered for Ng = 8
· Alt2 
· A fully-coherent UE (Ng =1) can only be configured with precoders considered for one of Ng cases, i.e., Ng =1, 2, 4, 8
· FFS which Ng value(s), to be considered
· A partially-coherent UE , with Ng =2, can only be configured with precoders considered for one of Ng cases, i.e., Ng =2, 4, 8
· FFS which Ng value(s), to be considered
· A partially-coherent UE , with Ng =4, can only be configured with precoders considered for one of Ng cases, i.e., Ng =4, 8
· FFS which Ng value(s), to be considered
· A non-coherent UE , with Ng =8, can only be configured with precoders considered for Ng = 8
· FFS whether/how the configuration can be done, via RRC or MAC-CE.
· Alt3
· A fully-coherent UE (Ng =1) can only be configured with precoders considered for Ng =1
· A partially-coherent UE, with Ng =2, can only use precoders considered for Ng =2
· A partially-coherent UE, with Ng =4, can only use precoders considered for Ng =4
· A non-coherent UE, with Ng =8, can only use precoders considered for Ng = 8
· Other alternatives are not precluded
Note: For an 8TX UE , Ng =8 can represent a non-coherent UE.



Alt1 corresponds to a very large size codebook, which results in large TPMI payload and does not bring significant performance gains. Alt3 on the other hand is too restrictive since it doesn’t allow some of the legacy features such as power saving (by turning antennae off) and reducing UL interference (configuring different types of precoders to different UEs within the cell). Alt2 can be a good middle ground. There are at least 2 open issues with Alt2.
·  value(s) for different types of UEs
·  should be a possible codebook configuration for all types of UEs for the reasons explained above. 
· For a PC UE, only  or with  (not both) should be a possible configuration.
· For a FC UE, similar to legacy,  and only one of  or 4 are possible configurations.
· Configuration/signalling: reusing legacy, an RRC configuration can be used to configure one or multiple  values, and when multiple  values are configured, one of the configured values can be indicated via MAC CE.

Proposal 9: support Alt2 regarding the codebook configuration
· A fully-coherent UE (Ng =1) can only be configured with precoders considered for one of Ng = 1, 2, 8 or 1, 4, 8 subject to UE capability
· A partially-coherent UE , with Ng =2, can only be configured with precoders considered for one of Ng =2, 8
· A partially-coherent UE , with Ng =4, can only be configured with precoders considered for one of Ng =4, 8
· A non-coherent UE , with Ng =8, can only be configured with precoders considered for Ng = 8
· MAC CE indication to indicate one of the configured  values
 
2.1.5 TPMI indication

	Agreement [4]
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 [1]
For partially coherent 8TX precoding with Ng =2, the precoder is based on up to two full-coherent 4TX precoders.
Down-select one of the following options for precoder indication,
· Option 3 – Up to two 4TX TPMIs are indicated,
· When two TMPIs are indicated, the first is applied on one of antenna group, and the second is applied on the other antenna group,
· FFS : details of TPMI indication when one antenna group is used
· Option 4 – A single 8TX TPMI is indicated
· Other options are not precluded



The UL precoding indication indicates two components: (A) selection of antenna group(s), and (B) for FC or PC antenna group(s), a TPMI indicating a precoding matrix across the selected group(s). The indication about (A) and (B) can be according to the following examples:
· Ex1: two separate indicators, one for (A) and another for (B).
· Ex2: a joint indicator, e.g. TPMI 
As explained earlier, we support Ex1 since it can help reduce the TPMI payload, and support different layer combinations. Based on this design, we support Option 3 for PC 8Tx precoding with Ng=2. 

Proposal 10:
· support TPMI payload reduction based on efficient signalling for the indication of (A) antenna group(s), and (B) UL precoding matrix
· support Option 3 regarding partially coherent 8TX precoding with Ng =2
· When one 4Tx TPMI is indicated, the corresponding antenna group is indicated separately

2.1.6 Full power modes

	Agreement [1]
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



Since the full power design depends on the PC and NC 8Tx codebook design, the discussion on full power modes should start only after the 8Tx codebook designed is almost complete. Regarding the three modes,
· Mode0: we don’t support any spec change for mode0, since the legacy spec can support, if the UE reports being capable of mode0
· Mode1: If WA is confirmed, for a given rank, only one FC TPMI is sufficient to make it work, we therefore do not support more than one FC TPMI.
· Mode2: If WA is confirmed,
· TPMI group: for NC TPMIs, the legacy TPMI groups can be used to indicate the TPMI groups for 8Tx. For PC TPMIs, a TPMI group corresponds precoders associated with  antenna ports selected for the precoders.
· SRS resource set with different number of ports: the legacy SRS configuration can be extended to include a value 8 in addition to {1,2,4}.


Proposal 11:
· Discussion on full power modes can start after the 8Tx codebook design is sufficiently mature
· Do not support any change in specification for Mode0
· If WA on Mode1 is confirmed, support only one FC TPMI for a given rank, and do not support more than one FC TPMIs
· If WA on Mode2 is confirmed,
· TPMI group: for NC TPMIs, support TPMI groups based on legacy TPMI groups; and for PC TPMIs, support TPMI groups corresponding to precoders associated with  antenna ports selected for the precoders.
· SRS resource set: extend legacy by including a value 8 in addition to {1,2,4}

1.2 Non-codebook-based transmission
	Agreement [4]
For SRS configuration required for non-codebook-based UL transmission by an 8TX UE, Alt1 is supported, that is
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
· 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 [1]
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



For NCB based UL, there are two open issues.
· Number of SRS resource set: when , the legacy (Rel.15) NCB based UL can be reused, and hence one SRS resource set with  resources can be configured. When , then the  SRS resources can be configured via one or two SRS resource sets. One resource set corresponds to simple extension of legacy Rel. 15 solution, whereas two SRS resource sets can provide more flexibility, and can also be used for mTRP schemes (e.g. Rel. 17 mTRP PUSCH). We therefore propose to exploit number of SRS resource sets, and consider both one and two SRS resource sets for NCB based UL.
· SRI indication: the SRI indication based on legacy SRI tables has been agreed. There are two ways this can be supported.
· Alt1: (a) extending legacy tables for  for , and (b) introducing new tables for . As shown in Table 8, there is no overhead saving with when . When , there is some saving, but the same can be achieved by reducing  to 4. For , there will not be much difference between  and . The NW can configure <=4 SRS resources when , and save SRS resource. We therefore propose to specify new tables only for  and . 
· Alt2: when number of SRS resource sets is two, then SRI indication is based on legacy SRI tables for each of the two sets.
[bookmark: _Ref134985823]Table 8
	N_SRS
	L_max=1
	2
	3
	4
	5
	6
	7
	8

	5
	2
	1
	0
	0
	0
	0
	0
	0

	6
	3
	1
	0
	0
	0
	0
	0
	0

	7
	4
	2
	1
	0
	0
	0
	0
	0

	8
	5
	2
	1
	0
	0
	0
	0
	0




Proposal 12: regarding 8Tx NCB based UL transmission,
· Specify new SRI indication for  and 
· Do not support  and 
· support two SRS resource sets 
· SRI indication is based on legacy SRI tables 

1.3 2 CWs

	Working Assumption [2]
For uplink transmission with rank>4, support dual CW transmission.



For >4 layers PUSCH transmission, we support to confirm the working assumption on 2 CWs. 

Proposal 13: regarding 2 CWs for > 4 layers, confirm the working assumption

SLS results
Result 1 (full-coherent precoder)

The SLS results according to the agreed EVM in RAN1#109-e (Table 11 in Appendix B) are provided in this section for the following setting:
· 8Tx antenna layout: Alt 1-b (Ng=1, (M, N ,P)=(1,4,2)
· Full-coherent precoders based on DL Type I codebook: only full coherent precoding matrices are considered, and the following alternatives for the codebooks (CBs) are compared. A summary is provided in Table 9. 
· O=1: CB0-CB9, 
· O=1: CB0-CB9, 
· SU, dynamic rank 1-4
· UE Tx power: 23dBm
· Modulation: 64QAM

[bookmark: _Ref127482745]Table 9
	
	Rank 1-2
	Rank 3-4

	CB0
	No subsampling
	No subsampling

	CB1
	No subsampling
	Subsampling by 2, even-numbered

	CB2
	No subsampling
	Subsampling by 2, odd-numbered

	CB3
	No subsampling
	Subsampling by 2, random

	CB4
	Subsampling by 2, even-numbered
	Subsampling by 4, even-numbered

	CB5
	Subsampling by 2, odd-numbered
	Subsampling by 4, odd-numbered

	CB6
	Subsampling by 2, random
	Subsampling by 2, random

	CB7
	Subsampling by 2, even-numbered
	Subsampling by 8, even-numbered

	CB8
	Subsampling by 2, odd-numbered
	Subsampling by 8, odd-numbered

	CB9
	Subsampling by 2, random
	Subsampling by 8, random



The avg. UPT gain vs CB size trade-offs are shown in Figure 1. We can observe the following.

Observation 3: for full-coherent precoder, CB0 (no subsampling) with  achieves better UPT vs overhead trade-off than CBs with .  



[bookmark: _Ref127483067]Figure 1
Result 2 (partial-coherent precoder, Ng=2)

The SLS results according to the agreed EVM in RAN1#109-e (Table 11 in Appendix B) are provided in this section for the following setting:
· 8Tx antenna layout: Alt 2-b (Ng=2, (M, N ,P)=(1,2,2)
· Partial-coherent precoders based on Rel.15 4Tx FC TPMIs: the following alternatives for the codebooks (CBs) are compared. A summary is provided in Table 10.
· CB0-CB12, depending on subsampling of Rel.15 4Tx FC TPMIs, and whether subsampling applied to all layer splits, or only when L1>0,L2>0 (both groups are used).
· Three different evaluations are performed. 
· Evaluation 1: maxRank=2
· Evaluation 2: maxRank=4
· Evaluation 3: maxRank=8

[bookmark: _Ref132305432]Table 10
	Layer split (L1,L2)
	
	4Tx FC rank 1,2,3 subsampling
	TPMIs

	Only for 
L1>0,L2>0
	CB0
	Subsampling=2
	Even-numbered, {0,2,…}

	
	CB1
	
	Odd-numbered, {1,3,..}

	
	CB2
	
	O1=1, [1,-1]

	
	CB3
	
	O1=1, [j,-j]

	
	CB4
	Subsampling=4
	Even-numbered, {0,4,…}

	
	CB5
	
	Odd-numbered, {1,5,..}

	
	CB6
	
	Even-numbered, {2,6,…}

	
	CB7
	
	Odd-numbered, {3,7,..}

	
	CB8
	
	O1=1, [1,-1], co-phase {0,2}

	
	CB9
	
	O1=1, [1-1], co-phase {1,3}

	
	CB10
	
	O1=1, [j,-j], co-phase {0,2}

	
	CB11
	
	O1=1, [j,-j], co-phase {1,3}

	
	CB12
	No subsampling
	All TPMIs

	All (L1,L2)
	CB0
	Subsampling=2
	Even-numbered, {0,2,…}

	
	CB1
	
	Odd-numbered, {1,3,..}

	
	CB2
	
	O1=1, [1,-1]

	
	CB3
	
	O1=1, [j,-j]

	
	CB4
	Subsampling=4
	Even-numbered, {0,4,…}

	
	CB5
	
	Odd-numbered, {1,5,..}

	
	CB6
	
	Even-numbered, {2,6,…}

	
	CB7
	
	Odd-numbered, {3,7,..}

	
	CB8
	
	O1=1, [1,-1], co-phase {0,2}

	
	CB9
	
	O1=1, [1-1], co-phase {1,3}

	
	CB10
	
	O1=1, [j,-j], co-phase {0,2}

	
	CB11
	
	O1=1, [j,-j], co-phase {1,3}

	
	CB12
	No subsampling
	All TPMIs



The avg. UPT gain vs CB size trade-offs are shown in Figure 2- Figure 4, for the three evaluations. For sets of results are provided, 
· Subsampling=2, L1>0, L2>0, CB0-CB3. 
· Subsampling=4, L1>0, L2>0, CB4-CB11.
· Subsampling=2, all (L1, L2), CB0-CB3. 
· Subsampling=4, all (L1, L2), CB4-CB11.

For reference, CB12 (no subsampling) is considered. We can observe the following. 

Observation 4: for partial-coherent precoder design for Ng=2, when comparing avg. UPT gain and codebook size (or PMI overhead) overhead trade-offs, the following codebook sizes achieves the best trade-offs
· For maxRank=2: 
· CB8 achieves 91% reduction in CB size and incurs only 1.8% performance loss 
· CB2 achieves 63% reduction in CB size and incurs only 0.8% performance loss
· For maxRank=4: codebook size = 24 (CB0 or CB4)
· CB11 achieves 86% reduction in CB size and incurs only 1% performance loss 
· CB3 achieves 69% reduction in CB size and incurs 1.4% performance gain
· For maxRank=8: rank 1-4 codebook size = 64 (CB1 or CB2)
· CB11 achieves 90% reduction in CB size and incurs only 0.5% performance loss 
· CB3 achieves 70% reduction in CB size and incurs only 2.1% performance loss


[bookmark: _Ref132306225]Figure 2

Figure 3

[bookmark: _Ref132306227]Figure 4

Result 3 (NC precoders)

The SLS results according to the agreed EVM in RAN1#109-e (Table 11 in Appendix B) are provided in this section for the following setting:
· 8Tx antenna layout: Alt 3-b (Ng=2, (M, N ,P)=(1,1,2)
· The following alternatives for the codebooks (CBs) are compared.
· Alt1: all 255 precoders
· Alt2, Scheme 1: 36 precoders based on consecutive port selection
· Alt2, Scheme 2: 31 precoders based on Rel.15 NC 4Tx precoders
· maxRank=8

The avg. UPT gain vs CB size trade-offs are shown in Figure 5. We can observe the following. 

Observation 5: when compared with Alt1 (all 255 precoders), Alt2 can reduce the codebook size significantly with a small loss in performance, e.g. with only 36 NC precoders based on Scheme 1, 85% reduction in the codebook size is achieved at the cost of only 3% reduction in performance.
[bookmark: _GoBack]
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Conclusion
In this contribution, the following observations and proposals are made: 

Observation 1: if two antenna groups comprise coherent antennae, they essentially can be combined into one antenna group for codebook design

Observation 2: a parameterized approach similar to Rel. 15 DL Type I codebook can be adopted to simply codebook design and to have a solution scalable to >8Tx, if needed, in future

Observation 3: for full-coherent precoder, CB0 (no subsampling) with  achieves better UPT vs overhead trade-off than CBs with .  

Observation 4: for partial-coherent precoder design for Ng=2, when comparing avg. UPT gain and codebook size (or PMI overhead) overhead trade-offs, the following codebook sizes achieves the best trade-offs
· For maxRank=2: 
· CB8 achieves 91% reduction in CB size and incurs only 1.8% performance loss 
· CB2 achieves 63% reduction in CB size and incurs only 0.8% performance loss
· For maxRank=4: codebook size = 24 (CB0 or CB4)
· CB11 achieves 86% reduction in CB size and incurs only 1% performance loss 
· CB3 achieves 69% reduction in CB size and incurs 1.4% performance gain
· For maxRank=8: rank 1-4 codebook size = 64 (CB1 or CB2)
· CB11 achieves 90% reduction in CB size and incurs only 0.5% performance loss 
· CB3 achieves 70% reduction in CB size and incurs only 2.1% performance loss

Observation 5: when compared with Alt1 (all 255 precoders), Alt2 can reduce the codebook size significantly with a small loss in performance, e.g. with only 36 NC precoders based on Scheme 1, 85% reduction in the codebook size is achieved at the cost of only 3% reduction in performance.

Proposal 1: antennae within a group are coherent, and antennae across multiple groups are non-coherent
· Do not support full coherent precoders with 

Proposal 2: reuse DL Type I codebook parameters () to describe/configure 8Tx UL codebook for different coherence types
· FC: 
· PC: 
· NC: 
· FC/PC precoders: comprises two components 
· selection of antenna group(s)
· precoder associated with the selected antenna group(s)
· NC precoders: selection of antenna group(s), where a group comprises single antenna

Proposal 3: to reduce 8Tx TPMI payload, reuse the legacy principle (e.g. Rel.15 4Tx UL codebook) in which number of precoders for higher rank values is restricted to a small value.

Proposal 4: support the following regarding full-coherent precoder design
· CodebookMode1 ()
· Codebook subsampling: a subset of Rel. 15 Type I codebook is used as FC precoders in 8Tx UL codebook as shown in Table 2 
· : subsampling for rank > 4
· : only  
· : all values

Proposal 5: for 8Tx PC precoders, support separate indication of (i) up to  FC TPMIs and (ii) the mapping/ordering of the TPMIs to  groups
· For (i), the UE is indicated with  -Tx FC TPMI(s), where -th TPMI corresponds to rank   
· For (ii), the UE is indicated with the mapping/ordering  via higher layer or MAC CE

Proposal 6: for 
· Support confirming the working assumption on the layer splitting values
· Support indication of  values according to Table 3 and the mapping .
· Do not support the restriction that all the layers for each CW is mapped to only one antenna group

Proposal 7: for 
· Do not support  values for 
· Support indication of  values according to Table 5 and the mapping/ordering .

Proposal 8: for NC precoders, 
· support Alt2 and number of NC precoders is at most 32
· support one of the following schemes
· Scheme 1: 8Tx NC precoders are based on selecting consecutive antenna ports
· Scheme 2: 8Tx NC precoders are based on legacy Rel.15 NC 4Tx precoders, as shown in Table 7

Proposal 9: support Alt2 regarding the codebook configuration
· A fully-coherent UE (Ng =1) can only be configured with precoders considered for one of Ng = 1, 2, 8 or 1, 4, 8 subject to UE capability
· A partially-coherent UE , with Ng =2, can only be configured with precoders considered for one of Ng =2, 8
· A partially-coherent UE , with Ng =4, can only be configured with precoders considered for one of Ng =4, 8
· A non-coherent UE , with Ng =8, can only be configured with precoders considered for Ng = 8
· MAC CE indication to indicate one of the configured  values

Proposal 10:
· support TPMI payload reduction based on efficient signalling for the indication of (A) antenna group(s), and (B) UL precoding matrix
· support Option 3 regarding partially coherent 8TX precoding with Ng =2
· When one 4Tx TPMI is indicated, the corresponding antenna group is indicated separately

Proposal 11:
· Discussion on full power modes can start after the 8Tx codebook design is sufficiently mature
· Do not support any change in specification for Mode0
· If WA on Mode1 is confirmed, support only one FC TPMI for a given rank, and do not support more than one FC TPMIs
· If WA on Mode2 is confirmed,
· TPMI group: for NC TPMIs, support TPMI groups based on legacy TPMI groups; and for PC TPMIs, support TPMI groups corresponding to precoders associated with  antenna ports selected for the precoders.
· SRS resource set: extend legacy by including a value 8 in addition to {1,2,4}

Proposal 12: regarding 8Tx NCB based UL transmission,
· Specify new SRI indication for  and 
· Do not support  and 
· support two SRS resource sets 
· SRI indication is based on legacy SRI tables 

Proposal 13: regarding 2 CWs for > 4 layers, confirm the working assumption
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	Parameter
	Value

	Frequency range
	3.5 GHz

	Multiple access
	OFDMA 

	Numerology
	14 OFDM symbol slot
SCS , 30 KHz  

	Scenario
	Outdoor FWA (38.901): UMa (ISD = 500 m), 100% Outdoor, 3Km/h

	Channel model
	38.901

	System bandwidth
	20 MHz, 100 MHz 

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝) 
	Outdoor FWA : 
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆 

	gNB antenna radiation pattern parameters
	Outdoor FWA : 
38.901 Table 7.3-1, 8 dBi , 65° HPBW 

	gNB receiver noise figure
	5dB 

	gNB receiver
	MMSE-IRC

	gNB scheduler
	Single user with proportional fair

	Modulation
	-    Up to 64 QAM  
-    Up to 256QAM  

	MIMO scheme
	SU-MIMO with rank adaptation

	UE speed
	3 Km/h

	UE TX antenna configuration
	Case 1-b: Ng=1, (M,N,P) = (1,2,4)

	Traffic model
	-    FTP model 1: Packet size 500KB, RU= 50% and suggested medium RU of value of 50%

	Precoder granularity
	Wideband 

	Power control
	Open loop, 
-    alpha = 0.8
-    P0 = -50

	UE power rating
	23 dBm (UE, 38.101)
32 dBm (FWA, 38.101)

	Metric
	UL mean-user throughput, 5%-ile and 95%-ile UPT



23 dBm, dynamic rank 1-4

O=1, i13=0	40	32	32	32	16	16	16	14	14	14	1	0.97933560031388955	0.96300586674638478	0.94136990396472486	0.87410784350360604	0.83546952654982998	0.88812077276633905	0.85927282239079261	0.80198796756473978	0.90415156384290585	O=1, i13=0,1,2	72	48	48	48	24	24	24	18	18	18	0.99940211501812348	0.99379694331303015	0.9915548746309929	0.92541384851089281	0.85512499532902364	0.81454355218414853	0.9090467471320206	0.88490714098875234	0.83117222824259185	0.84623145622360907	rank 1-4 CB size


Avg. UPT gain




maxRank=2

Subsampling=2, L1	>	0,L2	>	0	CB2: [X VALUE], [Y VALUE]

112	112	112	112	0.97192526725946649	0.92946348286542102	0.9921071036067538	0.93535817764012386	Subsampling=2, all (L1,L2)	88	88	88	88	0.98168315183001964	0.96090185499716918	0.97985146701302162	0.90738335498051748	Subsampling=4, L1	>	0,L2	>	0	64	64	64	64	64	64	64	64	0.92133746295001162	0.93089552735871051	0.94498284876944083	0.9186398907649781	0.96806207746361606	0.93775601958237587	0.97878575948313185	0.92853098877676754	Subsampling=4, all (L1,L2)	CB8: [X VALUE], [Y VALUE]

28	28	28	28	28	28	28	28	0.85666233722982643	0.83618077063975749	0.4891930595797116	0.65031471675492059	0.98191627535218307	0.94488293868851359	0.94701435374829313	0.94255170346687978	No subsampling	304	1	CB size


Avg. UPT




maxRank = 4

Subsampling=2, L1	>	0,L2	>	0	CB3: [X VALUE], [Y VALUE]

236	236	236	236	0.99794410760331731	0.95971844727855604	0.97383092898459822	1.0136594884660952	Subsampling=2, all (L1,L2)	208	208	208	208	0.98229841800822359	0.95170395149487774	0.94978744163356332	0.98111366645759279	Subsampling=4, L1	>	0,L2	>	0	CB11: [X VALUE], [Y VALUE]

104	104	104	104	104	104	104	104	0.94243501289288445	0.93069203428810365	0.91814760610495505	0.88417311310892743	0.93166771203568188	0.9469997909261969	0.95832462192487278	0.98850094083211371	Subsampling=4, all (L1,L2)	CB11: [X VALUE], [Y VALUE]

62	62	62	62	62	62	62	62	0.84486723813506159	0.84678374799637601	0.69611122726322394	0.67387971287197712	0.93055265175273527	0.94647710641856575	0.92696355146700116	0.98376193462959083	No subsampling	764	1	CB size


Avg. UPT




maxRank = 8

Subsampling=2, L1	>	0,L2	>	0	316	316	316	316	0.98560663787994252	0.97028194056388117	0.98097818417859062	0.9664719329438658	Subsampling=2, all (L1,L2)	CB2: [X VALUE], [Y VALUE]

288	288	288	288	0.98910620043462305	0.97285016792255796	0.99475065616797897	0.99085598171196343	Subsampling=4, L1	>	0,L2	>	0	141	141	141	141	141	141	141	141	0.90088335732227021	0.899500465667598	0.93091186182372365	0.92196539948635448	0.9479298958597917	0.97352750261056076	0.95464679818248532	0.95267123867581072	Subsampling=4, all (L1,L2)	CB10: [X VALUE], [Y VALUE]


99	99	99	99	99	99	99	99	0.89665001552225332	0.90542714418762171	0.8763299748821719	0.90494736545028642	0.95021590043180082	0.96576637597719639	0.97668839782124006	0.96393192786385573	No subsampling	960	1	CB size


Avg. UPT




8Tx NC precoders

Alt2-Scheme1, Alt2-Scheme2, Alt1	Alt1: [X VALUE], [Y VALUE]
Alt2, Scheme1: [X VALUE], [Y VALUE]
Alt2, Scheme 2: [X VALUE], [Y VALUE]

255	36	31	1	0.97	0.91	CB size


Avg. UPT
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 Minimum   Coherence Capability  

16  NR Rel1 5 DL codebook with CodeBookMode =1,     but with O 1 =2  Fully Coherent  

8  
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