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1 Introduction
In the past RAN plenary, the WID for Enhancements on MIMO for NR has been updated in RP-192271 with some modifications as below.
· Specify core requirements associated with the items specified by RAN1 [RAN4]

· Specify RRM requirements

· Identify impact on RF requirements for the reduced PAPR pi/2-BPSK DMRS and, if needed, specify RF requirements 
· Identify impact on RF requirements for the uplink full power transmission and, if needed, specify RF requirements
One item is for full power transmission, which has been discussed before in RAN4 on replying LS from RAN1. In last RAN4 meeting, it was also discussed in conjunction with Tx diversity [2][3]. This contribution provides our consideration on UL full power transmission based on some agreements from RAN1. 
2 Discussion

Initially UL full power transmission was discussed in RAN1 under eMIMO WI without RAN4 impact, but in last RAN plenary it tasks RAN4 to identify the possible impact on RF requirements and allocated corresponding TU. However, the discussion in last RAN4 meeting in [2] was mainly focused on one possible solution to support full power transmission for Mode 2, i.e. solution based on 2 Tx, which may be misleading in RAN4 since it did not give the whole picture discussed in RAN1.
Observation 1: Full power transmission is a feature affiliated to UL MIMO in Rel-16.  

Before going further to the details of full power transmission, three capabilities for full TX power UL transmission for non-coherent and partial/non-coherent UEs agreed by RAN1 are listed below firstly:

· 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. (For PC2 UE, it means the PA configuration of 26dBm+26dBm.)
· 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. (For PC2 UE, it means the PA configuration of 23dBm+23dBm.)
· 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. (For PC2 UE, it means the PA configuration of 26dBm+23dBm.)
The working assumption agreed in RAN1#97 meeting is copied as below to facilitate the discussion in RAN4:

	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 

· 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

· 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 




And in RAN1#98 meeting, some further agreements related to RAN4 were reached.

	Agreement

For mode 1, 2Tx non-coherent UE, the new codebook subset at least includes rank=1 TPMI=2 defined in Rel-15 which can be used for UL full power transmission
Agreement
For mode 2, in case of non-coherent with 2 ports, support following TPMI indication for rank 1 which support UL full power transmission:

· Rank 1: support {TPMI=0} and {TPMI=1}

· FFS: Details on UE capability signalling 


From these agreements and assumptions, we can see that for Mode 1, in Rel-16 UEs having capability 2 or 3 and transmitting a single layer over 2 antenna ports can at least use TPMI precoder [image: image2.png]


, while for other TPMIs, so far there is no conclusion in RAN1 yet.
For Mode 1, it is still codebook based solution with rank=2 for two antenna ports. The most contentions part in RAN4 is for Mode 2, which can be mapped to two antenna ports or single antenna port. It is worth noting that RAN4 has already strived to make clarification of single antenna port for more than one year, though we had an agreed WF on it. But it is not related to full power transmission, as this topic is for Rel-16 while the clarification effort in RAN4 is for Rel-15. However, similarly, the solutions by RAN1 to support full power transmission can be mapped to two UE implementations as well, i.e. 2Tx via antenna virtualization or 1Tx based on UE PA configuration capability. 
No matter the HPUE UE implementation is based on capability 2 or capability 3, the existing RAN4 requirements support both 2Tx UL MIMO and 1Tx PC2 transmission. 
Observation 2: No specific RF requirements are impacted by introduction of full power transmission.  
Different from Rel-15, for a UE supporting UL MIMO, when the UE is configured to single antenna port mode, it is a non-code book mode in Rel-15, and how to support the same power class as UL MIMO is up to UE implementation. However, for full power transmission Mode 2, it is a code book based MIMO mode. The UE implementation is implicitly indicated via TPMI precoder. But how to support single antenna port can still be considered as UE implementation issue. Clarification in Rel-15 on single antenna port is valid for Rel-16 as well even for introduction of new feature of full power transmission for UL MIMO.
Observation 3: Clarification of single antenna port is needed in RAN4 specification under UL MIMO clause.  
3 Conclusion

RAN1 agreements on full power transmission related to RAN4 as well as some RAN4 discussion background are overviewed in the contribution. Based on the discussion, we have the following observations as following.
Observation 1: Full power transmission is a feature affiliated to UL MIMO in Rel-16.  
Observation 2: No specific RF requirements are impacted by introduction of full power transmission.  
Observation 3: Clarification of single antenna port is needed in RAN4 specification under UL MIMO clause.  
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