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Introduction
In RAN1 #110b, the following agreements on SRI/TPMI indication for 8Tx transmission have been achieved.
	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 some discussions on SRI/TPMI indication for 8Tx transmission.
Discussion
Antenna layout
In RAN1 #110b, the following agreement on antenna layout was achieved.
	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



One open issue is whether to support full coherent precoders with Ng=2 or Ng=4. The number of antenna groups could be the antennas with different antenna spacing. The antennas within an antenna group could be with a fixed antenna spacing but the antennas across antenna groups could be with different antenna spacing. With regard to different types of UE implementation scheme, more than one antenna groups for coherent transmission should be supported.
Proposal 1: Support Ng=2 and Ng=4 for full coherent precoders.
Codebook design
In RAN1 #110b, the following alternatives on codebook design have been agreed.
	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 




The remaining issue is the codebook design for full-coherent transmission. However, the codebook for full-coherent transmission depends on the phase offset assumption between antennas. If the antennas are always with a random fixed phase offset, the DFT based codebook should not be applicable. Therefore, the first issue for full-coherent codebook design is to have a general assumption on the random fixed phase offset. Then further evaluation based on the simulation assumption could be done after that. Moreover, for random fixed phase offset, the LTE DL 4Tx codebook could be considered as a starting point, which could provide a more robust performance with regard to different types of antenna architectures.
Proposal 2: RAN1 should have a general assumption on the random fixed phase offset prior to making the decision on codebook design.
Proposal 3: Support to define the 8Tx full-coherent codebook with the LTE DL 4Tx codebook as the starting point.
Number of PT-RS ports
For uplink 8Tx transmission, for coherent transmission, usually the 8Tx comes from a single panel. Thus, the number of PT-RS ports should be 1. For partial-coherent transmission, as discussed in section 2.2, usually the coherent transmission across uplink panels is challenging from UE implementation point of view. Thus, the partial-coherent transmission should be based on panel selection, where the UE can only transmit the uplink signals from one panel. Then one PT-RS port should be sufficient. Therefore, for 8Tx transmission, a single PT-RS port is sufficient.
Proposal 4: Support up to 1 PT-RS port for 8Tx transmission. 
Full power aspects
As the 8Tx may be applicable for different types of UEs, there could be different types of PA architecture. For some PA architectures, UE is unable to support full power transmission for non-coherent/partial-coherent precoders. Thus at least the 8Tx should support two cases on uplink full power transmission: 
· Case 1: UE is not able to support full power transmission for any non-coherent/partial-coherent precoder based PUSCH
· Case 2: UE is able to support full power transmission for any non-coherent/partial-coherent precoder based PUSCH
Proposal 5: The 8Tx should at least support the following two cases on uplink full power transmission:
· Case 1: UE is not able to support full power transmission for any non-coherent/partial-coherent precoder based PUSCH
· Case 2: UE is able to support full power transmission for any non-coherent/partial-coherent precoder based PUSCH

Conclusion
In this contribution, we provided discussion on 8Tx enhancement. Based on the discussion, the following proposals have been achieved.
Proposal 1: Support Ng=2 and Ng=4 for full coherent precoders.
Proposal 2: RAN1 should have a general assumption on the random fixed phase offset prior to making the decision on codebook design.
Proposal 3: Support to define the 8Tx full-coherent codebook with the LTE DL 4Tx codebook as the starting point.
Proposal 4: Support up to 1 PT-RS port for 8Tx transmission. 
Proposal 5: The 8Tx should at least support the following two cases on uplink full power transmission:
· Case 1: UE is not able to support full power transmission for any non-coherent/partial-coherent precoder based PUSCH
· Case 2: UE is able to support full power transmission for any non-coherent/partial-coherent precoder based PUSCH

