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

Remaining issues
1.1 TPMI overhead
A summary of number of TPMIs and payload for different  values are as follows.

	
	#TPMIs
	Payload (#bits)

	1 
	120, 128
	7, 7

	2
	696
	10

	4
	992
	10

	8
	255
	8



For , the number of TPMIs is significantly less than that for . The large size of the codebook for  may not bring significant performance gain (cf. results in Appendix A). In particular, for some use cases and device types, the codebook size for  can be reduced. For instance, the codebook size can be reduced (e.g. to <=255) depending on device types via UE capability. 

Proposal 1: For , support reducing the TPMI codebook size to <=255 via UE capability.


1.2 Full power mode 2

Since a UE with 8 antenna ports can be configured with a 2 or 4 port SRS resource, the UE should be allowed to report legacy TPMI group(s) for 2 or 4. 

Re 8 port SRS resource, the following conclusion was made in RAN#114 [1].

	Conclusion
· Full power transmission with ‘fullpowerMode2’ with TPMI capability reporting when Ng=4 is not supported in Rel-18
· Full power transmission with ‘fullpowerMode2’ with TPMI capability reporting when Ng=8 is not supported in Rel-18



Based on the conclusion and the fact that we now are in the maintenance phase of the Rel.18 MIMO work, any non-essential, new, or already concluded proposals need not be discussed since they are outside the scope of discussions in this or future RAN1 meeting. We therefore do not support any further discussion on TPMI groups for 8 SRS ports. 

Proposal 2: for full power mode 2
· 2 or 4 port SRS resource: support legacy (Rel.16) 2Tx and 4Tx TPMI groups
· 8 port SRS resource: do not support any additional 8Tx TPMI groups for Ng=4,8


Conclusion
In this contribution, the following proposals are made: 

Proposal 1: For , support reducing the TPMI codebook size to <=255 via UE capability.

Proposal 2: for full power mode 2
· 2 or 4 port SRS resource: support legacy (Rel.16) 2Tx and 4Tx TPMI groups
· 8 port SRS resource: do not support any additional 8Tx TPMI groups for Ng=4,8
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Appendix A
Partial-coherent precoder, Ng=2

The SLS results according to the agreed EVM in RAN1#109-e 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 1.
· 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 1
	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 1- Figure 3, 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 1: 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
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Figure 2
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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




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




