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1	Introduction
In RAN1 #97 meeting, a working assumption [1] on UL full power Tx for UE capability 2 and 3 is agreed:
	Working Assumption
Support following scheme for UL full power Tx for UE capability 2 and 3:
· A UE can be configured for one of two modes of full power operation to support ‘Capability 2’ and ‘Capability 3’ subject to UE capability
· A UE can be configured by the network to support full power transmission 
· [bookmark: _Hlk16512269]Mode 1: The UE can be configured with one or more SRS resources with same number of SRS ports (according to Rel-15) within an SRS resource set which usage is set to ‘codebook’
· gNB can configure the UE to use a subset of TPMIs that combine ports in a layer to produce full power transmission.
· A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable includes the TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15
· FFS: At least a subset of the non-antenna selection TPMI precoder(s) is(are) supported 
· FFS: Additional support of antenna selection TPMI precoders
· Note: as non-coherent UE, it is not capable of maintaining relative phase of antenna ports according to TPMI
· [bookmark: _Hlk16512341]Mode 2: The UE can be configured with one SRS resource or multiple SRS resources with different number of SRS ports within a SRS resource set which usage is set to ‘codebook’
· UE transmits SRS and PUSCH in same manner, whether antenna virtualization is used or not
· Rel-15 codebooks and codebook subsets are used
· Note: Antenna selection precoder can be used to enable full power related PA(s) to produce full power transmission for Capability-3 UE.
· UL full power Tx is achieved for PUSCH transmission according to indicated SRI and/or TPMI
· A set of TPMIs that deliver full power can be signalled by the UE in order to support at least  UEcap3, for SRS resource with more than 1 ports, 
· e.g. For SRI indicating SRS resource with 1 port then single layer PUSCH is transmitted with full power in same manner as single port SRS, if SRI indicating SRS resource with multiple ports is signalled based on Rel-15 MIMO behaviour (transmission rank indicator, TPMI indicator, etc) except the power scaling aspects
· The following cases are not precluded
· For example, for 4TX on UE side (with 20+20+17+17dBm) virtualized as 2 SRS ports, full uplink power transmission can be enabled by precoder [1 0] or [0 1]
· FFS: number of SRS resources supported 
· 2 
· 3 
· FFS: for 4 Tx, how many different TPMIs/TPMI groups support full power
· FFS: any rules for spatial filter update for the SRS resources with different number ports
Note: How to capture the behaviour for ‘Mode 1’ and ‘Mode 2’ in specifications is TBD
Note: For single port, there is no SRI and TPMI
Note: Support of Mode 1, Mode 2 have separate UE capability 


Regarding the UE capability definition, it was agreed in RAN1 #AH1901 meeting with this agreement [2]:
	Agreement
Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs. The support of this feature is indicated by the UE as part of UE capability signalling. For power class 3:
· UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported with a new UE capability 
· FFS: detailed power scaling description 
· Note: Full Tx power means UE delivers total power of 23dBm for PC3
· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power with the new UE capability 
· FFS: detailed design
· UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported with a new UE capability
FFS: Whether all three capabilities will be specified or a subset will be specified
FFS: UE capability signalling/reporting details
Note: Two or more of the above capabilities could be merged depending on the further details



This contribution elaborates the difference between the so-called UE “mode-1” and “mode-2” in terms of full Tx power capability. We also propose the specification solution in terms of the recent agreement.

2	Difference of UE mode-1 and mode-2 with full Tx power capability

2.1	Difference on Number of SRS resources
The key difference between so-called “mode-1” and “mode-2” UEs depends on the number of SRS ports configured in SRS resources:
· Mode 1: The UE can be configured with one or more SRS resources with same number of SRS ports (according to Rel-15) within an SRS resource set which usage is set to ‘codebook’
· Mode 2: The UE can be configured with one SRS resource or multiple SRS resources with different number of SRS ports within an SRS resource set which usage is set to ‘codebook’

For 2Tx UE, if it is a mode-1 UE, the UE may have one SRS resource with two SRS ports. For a mode-2 UE, this UE may have an extra SRS resource, configured with 1 SRS port. This single SRS port might be a “virtual” port over two physical TX ports. Full Tx power becomes possible for PUSCH transmission with the same SRS resource, as the PUSCH and SRS is transmitting in the same manner, per agreement.
For 4Tx UE, similar difference applies but with more variations due to multiple possible UE PA implementations. As an example, for a 4Tx UE with an implementation of maximum (20dBm, 20dBm, 17dBm, 17dBm) in its 4Tx RF chains, a mode-1 UE may be configured with two SRS resources, each of which has 4 SRS ports. Alternatively, a mode-2 UE may have extra SRS resources, with these exemplary possibilities:
· 1 SRS resource with single SRS port, which is a virtual port over 4Tx or 2Tx of (20dBm, 20dBm);
· 1 SRS resource with two SRS ports, one port of which is a virtual port over (17dBm, 17dBm), and another port of which is a virtual port over (20dBm, 20dBm).

[bookmark: _GoBack]Usually, mode-2 UE may need more SRS resources than mode-1 UE. These extra SRS resources are used to “virtualize” SRS/PUSCH ports to support full Tx power transmission, when partial- or non-coherent Tx ports are used in UE implementation. At the same time, mode-1 and mode-2 UE shall support full power transmission when the UE supports full-coherent Rel-15 codebooks.
Rel-15 UL-MIMO only supports up to two SRS resources for the SRS resource set with usage= ‘codebook’. This won’t be fit to support mode-2 UE, which needs more than 2 SRS resources. Given that mode-2 is agreed and mode-2 needs more than 2 SRS resources, Rel-16 UL-MIMO needs to support more than 2 SRS resources for the SRS resource set with usage= ‘codebook’.
Proposal 1: Support more than 2 SRS resources for SRS resource set with usage = ‘codebook’.
Other than the number of SRS resources, another key difference between mode-1 and mode-2 UE is related to the capability signalling.

2.2	Signalling of full Tx power capability for mode-1 and mode-2
The UE full Tx capability signalling is still not resolved in RAN1, given the agreements of mode-1 and mode-2 UE. Apparently, there would be multiple approaches for UE to signal network its full power Tx capability with either mode-1 or mode-2 UE implementation. From RAN1 agreement that “Support of Mode 1, Mode 2 have separate UE capability”, UE vendor may select its choice of either mode-1 or mode-2. And the signalling of UE full power capability would be different for mode-1 and mode-2 UE.
Signalling of mode-1 UE shall be dependent on the concept of codebook subset, following the agreement that “A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable includes the TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15”. UE may signal network its supported TPMI subset that could support full power transmission. 
For mode-2 UE, this codebook subset concept might not be necessary, although we have this agreement that “A set of TPMIs that deliver full power can be signalled by the UE in order to support at least UEcap3, for SRS resource with more than 1 ports”. For “virtualized” single port SRS resource, full power transmission should be supported through indication of SRS resource (SRI), which is conveyed in DCI format 0-1. The UE capability signaling is just the signaling of its SRS resources, some of which could be used to form “virtual” SRS ports for full power transmission support.
Given that we have two UE modes, each of which may need different approach for full Tx power capability signalling, we may have to design the capability signalling mechanism to support both: use both codebook subset and SRS resource to signal UE’s full Tx power capability. This may not be a desirable choice in terms of specification impact. Alternatively, if mode-1 and mode-2 UE should be merged, simpler signalling mechanism could be possible. However, further study is needed to consider further merge the solutions of mode-1 and mode-2 UE. 
Proposal 2: Support both codebook subset and SRS resource indication for UE full Tx power capability.
Proposal 3: Strive to streamline the signalling of the UE capability in a merged solution for both mode-1 and mode-2 UE.

3	Conclusions
We have these proposals as the solution for uplink full power transmission:
Proposal 1: Support more than 2 SRS resources for SRS resource set with usage = ‘codebook’.
Proposal 2: Support both codebook subset and SRS resource indication for UE full Tx power capability.
Proposal 3: Strive to streamline the signalling of the UE capability in a merged solution for both mode-1 and mode-2 UE.
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