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Introduction
[bookmark: _Ref494215420]In this contribution, we will present our opinions on SRI/TPMI enhancement for enabling 8 TX UL transmission, mainly about codebook design, CW number, SRS configuration and SRI/TPMI indication.
Discussion
Codebook design for UL
	Agreement
RAN1 further studies Alt1b and Alt2a for down-selection of one of the two in RAN1 meeting #110b-e.
· Transmission using one or multiple precoders corresponding to one or multiple SRS resources can be studied as part of the above alternatives.

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



In RAN1 #110bis meeting, for partially/non-coherent precoding, NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) are supported as the starting point for design of codebook. And for fully coherent UE, the two alternatives from the original five candidates of codebook design for UL transmission for 8TX UE are discussed, i.e. Alt1-b and Alt2-a. 
For fully coherent UE, Alt1-b is to employ down-sampling based NR Rel-15 DL Type I codebooks. Alt2-a offers a unified solution based on NR Rel-15 UL 2TX/4TX codebooks. 
Rel-15 UL codebook is designed with reference to several previously existing codebooks, such as LTE DL codebook, LTE UL codebook, NR DL Type I codebook, antenna selection codebook, and etc., which can be summarized as Table 1.
[bookmark: _Ref109916210]Table 1. Rel-15 UL codebook design
	N-layer transmission
	# antenna port
	Transform precoding
	UE coherence
	Based on
	Additional operating

	1
	1
	/
	/
	
	/

	1
	2
	/
	/
	LTE UL 2TX codebook
	/

	2
	2
	disabled
	/
	LTE DL 2TX codebook
	Add antenna selection codebook

	1
	4
	enabled
	/
	LTE UL 4TX codebook
	/

	1/2/3/4
	4
	disabled
	fully coherent
	NR Rel-15 DL Type I 4 TX codebook
	Down-sampling

	
	
	
	partially coherent
	LTE UL 4TX codebook
	Selection & Modification

	
	
	
	non-coherent
	Antenna selection codebook
	Selection



Constructing the UL 8 TX codebook based on the NR Rel-15 UL 2TX/4TX codebooks is a relatively simple and flexible scheme, and different phase offsets can be attached to the NR Rel-15 UL 2TX/4TX codebooks based on the antenna layout and coherence to ensure the performance of the constructed 8TX codebook.
Considering the impairment in antenna implementation, we think phase misalignment across the antenna ports is an important factor for the performance of 8 TXCB based on DL type 1, which can result in a loss of performant gain of Alt1-b in real world. Furthermore, Alt1-b is not a unified solution, and the network may be required to support two different precoding mechanisms. But Alt2-a can achieve a unified codebook for different coherence types, which reduces spec efforts and complexity.
Based on the above analysis, we have the following proposal for the UL codebook design for 8 TX UE codebook based transmission. As a possible compromise, an UE capability to support the Rel-15 DL Type I codebook can be considered to be introduced.
Proposal 1: 
· For 8TX UE codebook-based uplink transmission, 
· Support Alt2-a for codebook design for full coherent UE.
· Support full coherent precoders with Ng=2, Ng=4.

For UL port indexing rule for codebook design of an 8TX partial-coherent UE was discussed in RAN1 #110bis meeting. The legacy 2TX and 4TX port indexing is as follows: ports {0,1} for 2TX; ports {0,2} and {1,3} for Ng=2 of 4TX. To align the legacy UL port indexing rule for 2TX and 4TX, we prefer to reuse the same principle for Rel-18 8TX partial-coherent UE. For Ng=2, two coherent groups are indexed by {0,1,4,5} and {2,3,6,7}, and for Ng=4, four coherent groups are indexed by {0,4}, {1,5}, {2,6}, and {3,7}.
Proposal 2:  
· For port indexing of codebook design of an 8TX partial-coherent UE
· Prefer Alt 2, two coherent groups of {0,1,4,5} and {2,3,6,7} when Ng=2
· Prefer Alt 1, four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} when Ng=4

CW number for UL transmission with rank > 4
	Agreement
Support up to X layers for codebook and non-codebook UL transmission for 8TX UE where X=4, 8 is determined based on separate UE capability
· For uplink transmission with rank<=4, single CW is supported
· For uplink transmission with rank>4, whether single or dual CW is used will be decided in RAN1 meeting #110b-e
The above applies only with regards to the work scope of this agenda item.

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 RAN1#110bis meeting, a working assumption was provided related to layer number and CW number. If single CW is used for uplink transmission with rank > 4, new CW to layer mapping should be discussed and decided. To save spec effort, it is necessary to use the unified design for UL transmission and DL transmission, namely, dual CW should be supported for uplink transmission with rank >4 and the rules of Rel-15 DL CW to layer mapping are reused.
Proposal 3: 
· Confirm the working assumption: for uplink transmission with rank>4, support dual CW transmission.

SRS configuration
	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   



In RAN1 #110bis meeting, a single SRS resource set configured with up to 8 single-port SRS resources is supported for non-codebook-based UL transmission by an 8TX UE. There is no need to support the configuration of more than one SRS resource sets, because this configuration may require additional spec effort and the benefit is unclear. Thus, a single SRS resource set configuration is enough. 
Proposal 4: 
· Don’t support more than one SRS resource sets configuration for non-codebook-based UL transmission by an 8TX UE.
It is agreed that one SRS resource set configuration containing up to 2 8 -port SRS resource(s) is supported for codebook-based UL transmission for an 8TX UE. Based on Rel-15 principle, same number of SRS resource sets can be configured for CB and NCB, i.e. one set. Considering the consistency of TCI state and power control for 8TX UE, it is not necessary to additionally introduce 2-port or 4-port SRS configuration, which has unclear benefit, spec effort and larger SRI overhead.
Proposal 5: 
· Don’t support SRS resource set configuration with 2-port or 4-port SRS resources for codebook-based UL transmission for an 8TX UE.

SRI/TPMI indication for enabling 8 TX UL transmission
	Agreement
Study low overhead solutions for SRI and/or transmitter precoder matrix indication for codebook-based, and SRI indication for non-codebook-based UL transmission by an 8TX UE, 
· FFS using single or separate (exiting or new) fields for the indication, other solutions are not precluded.
· Note: Low overhead schemes for study include those using Rel-15 SRI/TPMI indication mechanisms

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



Based on the agreement of SRS configuration, for non-codebook based UL transmission for an 8TX UE, a single SRS resource set configured with up to 8 single-port SRS resources is supported, and for codebook-based UL transmission for an 8TX UE, one SRS resource set configuration containing up to 2 8 -port SRS resource(s) is supported. We think one SRI field is suitable to indicate SRS resources for non-codebook and codebook based UL transmission for an 8TX UE, where the field size can be increased for non-codebook.
For codebook-based transmission, the transmitter precoder matrix indication has a strong correlation with the structure of the codebook design, which is difficult to estimate without UL codebook. Thus, the TPMI indication for codebook-based UL transmission using single or separate fields can be decided when the codebook design for UL is stable.
Proposal 6: 
· Support a single SRI field for non-codebook  and codebook based UL transmission by an 8TX UE.
Proposal 7: 
· Single filed or separate fields for TPMI for codebook-based transmission should be decided after codebook design is stable.
 
Conclusion
In this contribution, we discussed SRI/TPMI enhancement for enabling 8TX UL transmission. The following proposals are achieved:
Proposal 1: 
· For 8TX UE codebook-based uplink transmission, 
· Support Alt2-a for codebook design for full coherent UE.
· [bookmark: _GoBack]Support full coherent precoders with Ng=2, Ng=4.
Proposal 2: 
· For port indexing of codebook design of an 8TX partial-coherent UE
· Prefer Alt 2, two coherent groups of {0,1,4,5} and {2,3,6,7} when Ng=2
· Prefer Alt 1, four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} when Ng=4
Proposal 3: 
· Confirm the working assumption: for uplink transmission with rank>4, support dual CW transmission.
Proposal 4: 
· Don’t support more than one SRS resource sets configuration for non-codebook-based UL transmission by an 8TX UE.
Proposal 5: 
· Don’t support SRS resource set configuration with 2-port or 4-port SRS resources for codebook-based UL transmission for an 8TX UE.
Proposal 6: 
· Support a single SRI field for non-codebook  and codebook based UL transmission by an 8TX UE.
Proposal 7: 
· Single filed or separate fields for TPMI for codebook-based transmission should be decided after codebook design is stable.
