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[bookmark: _Ref473815230]Introduction
At the RAN plenary #98-e meeting, the revised WID entitled “WID Update: MIMO Evolution for Downlink and Uplink” was endorsed including the following objective [1].
	5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.


In this contribution, we discuss the remaining issues on SRI/TPMI enhancement for enabling 8 TX UL transmission, especially on full power transmission with ‘fullpowerMode1’ and dual CW transmission.
Discussion
[bookmark: _Ref893707]Full power transmission with ‘fullpowerMode1’
At the RAN working 1 #114 meeting, RAN1 made agreements regarding precoder for 8TX UE, with Ng=2 and 4, configured for full power transmission with ‘fullpowerMode1’as shown below [2].
	Agreement
For an 8TX UE, with Ng=2, configured for full power transmission with ‘fullpowerMode1’, at least following precoder is supported 
	Rank = 1

	


· FFS other additions

Agreement
For an 8TX UE, with Ng=4, configured for full power transmission with ‘fullpowerMode1’, at least following precoders are supported per rank,
	Rank 1
	Rank 2
	Rank 4

	
	
	None


· FFS other additions

Agreement
For an 8TX UE, with Ng=4 and Ng=8, configured for full power transmission with ‘fullpowerMode1’, at least following precoders are supported per rank,



During the meeting, there were extensive discussion about defining additional precoders for full power transmission with 'fullpoewrMode1' configured for UEs with Ng=2 and 4. The above agreement has been made with the phrase "FFS other additions" as some companies proposed defining more than one additional precoder per rank.
In 8TX UEs with Ng=2 and 4, it is possible to define additional precoders beyond those in the above agreements, as coherent relationships can be assumed between different antennas within a group. The network can then dynamically select the most suitable precoder, which could be considered as optimization of precoder selection. However, since transparent open-loop MIMO can be applied between antennas to which the same layer is mapped, increasing the number of precoders and complicating the precoder selection is not desirable from a network operation perspective.
For UEs with Ng=8 and full power transmission with 'fullpoewrMode1' configured, the following precoder was defined, but the phrase "FFS other additions" is also added to this agreement. In addition, for Rank 4, the precoder itself is defined as FFS.
	Agreement
For an 8TX UE, with Ng=8, configured for full power transmission with ‘fullpowerMode1’, at least following precoders are supported,
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	
	
	FFS
	FFS


· FFS other additions
· Precoders for rank>4 are not introduced in Rel-18

Agreement
[bookmark: _Hlk146819490]For an 8TX UE, with Ng=4 and Ng=8, configured for full power transmission with ‘fullpowerMode1’, at least following precoders are supported per rank,



For the 8TX UE with Ng=8, there is no need to define multiple precoders with different phase relationships between antenna groups for each rank, as each antenna belongs to a different antenna group.
Based on the above discussion, further precoder definition is not necessary for UEs with Ng=2, 4 and 8 when full power transmission with 'fullpoewrMode1' is configured, except for Rank 4 with Ng=8.
For the Rank 4 precoder of a UE with Ng=8 and full power transmission with 'fullpoewrMode1 configured, it is sufficient to define the following precoder that maintains the antenna pair relationship of the Rank 3 precoder that was agreed upon earlier, as shown above.
	Rank 4

	



[bookmark: _Ref146820288]Proposal 1: For an 8TX UE, with Ng=2, 4 and Ng=8, configured for full power transmission with ‘fullpowerMode1’, introduction of additional precoders per Ng per rank is not needed.
[bookmark: _Ref146820297]Proposal 2: For an 8TX UE, with Ng=8, configured for full power transmission with ‘fullpowerMode1’, following precoder is supported for rank 4,

Dual CW transmission
At the RAN working 1 #110bis-e meeting, RAN1 made a working assumption regarding dual CW transmission for 8TX UE as shown below.
	Working Assumption
For uplink transmission with rank>4, support dual CW transmission.


This working assumption should be confirmed, as RAN1 has already developed standards to achieve dual CW transmission with rank>4. Additionally, the first edition of the RAN1 standard in Release 18, which was approved at the RAN plenary #101 meeting, states that dual CW transmission is to be performed at rank>4.
[bookmark: _Ref146820311]Proposal 3: Confirm the working assumption on dual CW transmission for uplink with rank>4.
Conclusion
In this contribution, we discussed the remaining issues on SRI/TPMI enhancement for enabling 8 TX UL transmission, especially on full power transmission with ‘fullpowerMode1’ and dual CW transmission. Based on the discussion above, we made the following proposals.
Proposal 1: For an 8TX UE, with Ng=2, 4 and Ng=8, configured for full power transmission with ‘fullpowerMode1’, introduction of additional precoders per Ng per rank is not needed.
Proposal 2: For an 8TX UE, with Ng=8, configured for full power transmission with ‘fullpowerMode1’, following precoder is supported for rank 4,

Proposal 3: Confirm the working assumption on dual CW transmission for uplink with rank>4.
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