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1. INTRODUCTION
Rel-18 proposes further enhancements to the MIMO feature [1]. The WID scope includes Objective 5 on SRI/TPMI enhancements to enable 8 Tx UL operation:

	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 RAN1#114 meeting, RAN1 made some agreements and conclusions which are outlined below [2]:
	Agreement
For partially coherent uplink precoding by an 8TX UE, Ng=2, 
· Alt1. Following combinations of layer splitting are supported
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	5
	· 
	(2,3)

	7
	· 
	(3,4)



Agreement
For an 8TX UE, reuse DL principle that DC format 0_2 does not support 2 CW transmission.

Conclusion 
For an 8TX UE, there is no consensus that Rel-17 mTRP PUSCH repetition transmission is supported in Rel-18.

Conclusion
For an 8TX UE, there is no consensus that CSI only transmission (UL-SCH=”0”) for rank>4 is supported in Rel-18.

Agreement
For partially coherent precoding by an 8TX UE with Ng=2 and Ng=4 antenna groups, up to N=10 bits are used for joint TPMI/TRI and split-layer indication.
· The actual number of bits (value of N) depends on the configured max rank
· FFS: Mapping between TPMI/TRI codepoint and Rel-15 precoders

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=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
For an 8TX UE, configured for full power transmission with ‘fullpowerMode2’ for Ng=2
· UE power capability is indicated per antenna group, where for an indicated group, full power is supported for all ranks
· For when Ng=2, a single bit is used to indicate which of the antenna group has full power capability.

Agreement
For an 8TX UE, configured for full power transmission with ‘fullpowerMode2’,
· Subject to UE capability, a maximum of 2 or 4 SRS resources are supported in an SRS resource set with usage set to 'codebook',
· An SRS resource set can be configured with one or more of 1-, 2-, 4-, or 8-port SRS resources.

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

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,




While RAN1 has completed the task on enabling 8 Tx UL transmission including codeword layer mapping, precoding codebook determination, and precoder design including antenna grouping, some remaining issues on support of full-power modes are left for this maintenance phase which is the focus of this contribution.

2. REMAINING ISSUE ON FULL POWER MODE

On full power mode 2 
In the last meeting [2], RAN1 made conclusions that full power transmission with ‘fullpowerMode2’ with TPMI capability reporting for both cases when Ng=4 and Ng=8 will not be supported in Rel-18, whereas the full power transmission with ‘fullpowerMode2’ for Ng=2 is supported with UE power capability with a single bit to indicate which of the antenna group has full power capability. Note that other full power transmission modes with Mode1 and Mode0 are already well supported by RAN1 agreements in Rel-18.
To make the feature be in more complete form, it seems at least full power Mode2 with Ng=4 is desired to be supported, which does not require significant efforts as the principle of how to support it was well identified in the last meeting, although there was not enough time to complete it during the meeting.
In [3], two possible options are identified based on the last meeting discussion to move forward for supporting full power Mode2 with Ng=4:

FL Proposal 1: For an 8TX UE, configured for full power transmission with ‘fullpowerMode2’, for when Ng=4, one or more of the following categories with full power capability is specified, where
· UE selects and reports a subset of the categories
· Full power is supported by joint use of the indicated antenna group(s) in each category, where x may be from 1 or 2
Regarding categories within which the UE can select and report, RAN1 to down-select either Alt1 or Alt2:
· Alt1: Full power capability is selected for a limited number of the categories from
	Indicated Category
	Supported layer-splitting cases for Ng=4

	Category 1
	(x, 0, 0, 0)

	Category 2
	(0, x, 0, 0)

	Category 3
	(0, 0, x, 0)

	Category 4
	(0, 0, 0, x)

	Category 5
	(x, x, 0, 0)

	Category 6
	(x, 0, x, 0)

	Category 7
	(x, 0, 0, x)

	Category 8
	(0, x, x, 0)

	Category 9
	(0, x, 0, x)

	Category 10
	(0, 0, x, x) 

	Category 11
	(x, x, x, 0)

	Category 12
	(x, x, 0, x)

	Category 13
	(x, 0, x, x)

	Category 14
	(0, x, x, x)



· Alt2: Full power capability is indicated based on one of the following categories
	Indicated Category
	Supported implementations for Ng=4

	Category 1
	Full power is supported by one of antenna groups: 
(x,0,0,0), (0,x,0,0), (0,0,x,0), (0,0,0,x), 

	Category 2
	Full power is supported by two adjacent antenna groups: (x,x,0,0), (x,0,0,x), (0,x,x,0), (0,0,x,x)

	Category 3
	Full power is supported by two non-adjacent antenna groups: (x,0,x,0), (0,x,0,x), 

	Category 4
	Full power is supported by three antenna groups: 
(x,x,x,0), (x,x,0,x), (x,0,x,x), (0,x,x,x)



In our view, either of Alt1 or Alt2 achieves the same goal for supporting full power Mode2 with Ng=4. Alt1 has the full list of categories within which the UE can report more detailed choice of the full power capability, e.g., selecting which antenna group(s) to be reported, in exchange of increased capability reporting overhead. Alt2 has benefits in term of much reduced overhead of the capability reporting by selecting one among the four categories each containing more than one category described in Alt1. Regarding Alt2, it may be further considered to apply a simplified rule such that the first entry of each category for Alt2 is used for subsequent TPMI signaling to achieve the full power transmission. For example, if a UE reports Category 1 under Alt2, the UE expects to receive a TPMI that satisfies ‘(x,0,0,0)’ to perform the full power transmission for the sake of simplicity in operation between gNB and UE. From our perspective, either alternative can be adopted, however we have a slight preference for Alt2.

Proposal 1: For an 8TX UE, configured for full power transmission with ‘fullpowerMode2’, for when Ng=4, support Alt2.

On full power mode 1 
In the last meeting [2], regarding full power mode 1, multiple TPMI indexes supporting the full power mode 1 are introduced, which covers the cases of Ng=2 with rank=1, Ng=4 with rank=1,2,3, and Ng=8 with rank=1,2,3. Other candidate cases for TPMI to achieve the full power mode 1 were left FFS. In our view, at least the following precoder can be additionally introduced to support rank=4 in case of Ng=8.

Proposal 2: For an 8TX UE, with Ng=8, configured for full power transmission with ‘fullpowerMode1’, at least the following precoder is supported. 
	Rank = 4

	



 
3. CONCLUSIONS
In this contribution, we discussed remaining issues on support of full-power modes and made the following proposals:


Proposal 1: For an 8TX UE, configured for full power transmission with ‘fullpowerMode2’, for when Ng=4, support Alt2.

Proposal 2: For an 8TX UE, with Ng=8, configured for full power transmission with ‘fullpowerMode1’, at least the following precoder is supported. 
	Rank = 4
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