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1. Introduction

Following objectives are agreed in the agreed WID [1]:
· Extend specification support in the following areas [RAN1]

· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:

· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission

· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI
· Enhancements on multi-beam operation, primarily targeting FR2 operation:

· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
· Specify higher layer support of enhancements listed above [RAN2]

· Specify core requirements associated with the items specified by RAN1 [RAN4]

In this contribution, we discuss full power transmission in UL with multiple transmission chains and power amplifiers at the UE.
2. Discussion
In Rel-15 specification 38.213, for a PUSCH transmission, a UE shall scale the calculated PUSCH power by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of configured antenna ports for the PUSCH transmission scheme. The UE splits the resulting scaled power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 

For UL single antenna port transmission, when a UE employs more than 1 PAs, the UE may not achieve full power transmission. When a UE is configured with 2Tx non-coherent transmission and the maximum transmission power is 23dBm, the actual maximum transmission power is 20dBm for single antenna port transmission based on current specification description. When a UE is configured with 4Tx partial-coherent/non-coherent transmission and the maximum transmission power is 23dBm, the actual maximum transmission power is 17dBm for single antenna port transmission based on current specification description.
In Rel-15 NR, two transmission schemes are defined in UL MIMO namely “codebook based UL transmission” and “non-codebook based UL transmission”. And, UE capability of non-coherent, partial-coherent and full-coherent transmission in UL are also defined. For the non-coherent transmission capable UEs when configured with codebook based UL transmission only antenna selection precoders can be used, for partial-coherent transmission capable UEs on top of antenna selection precoders extra precoders allowing antenna combining in a panel (or a group Tx antennas) can also be used. For brevity, let’s consider the UE with 2 Tx, then precoders for non-coherent transmission for rank 1 are [1 0] and [0 1] and rank 2 is [1 0; 0 1]. For certain power class, UE hardware architecture would allow certain maximum transmit power, for example for the power class with maximum transmit power of 23dBm the UE may employ 20dBm+20dBm PAs. In this case, in Rel-15, for non-coherent transmission capable UE in codebook based transmission with rank 1 transmission only 20dBm maximum transmit power is possible, which certainly impacts UL coverage. However for non-codebook based transmission, it can be left it to UE implementation, for example in coverage limited scenario UE may choose to transmit SRS using all antennas and consequently PUSCH is also transmitted in similar fashion.
There could be multiple options to solve this issue in Rel-16, one potential solution, option 1, is to require hardware implementation where each Tx chain supports full power transmission, in above example of 2 Tx UEs employing 23dBm+23dBm PAs. However, from the perspective of UE implementation, such solution shall lead to some risks. Firstly, employing full rated PAs and corresponding transmission filter on each transmit chain will certainly raise the cost of UE hardware, and there are other hardware implications as well. Secondly, employing full rated PAs on each Tx chain will increase the area of the PA core circuitry and also increases the risk of reliability (PA itself and post-PA filters). Thirdly, full rated PAs working at lower power indicates deviation from the peak PA efficiency and that is not optimal for overall current consumption. Yet, the PA architecture of HPUE is still under discussion, where the power class requires UE to transmit maximum power of 26dBm, and similarly for the UE with 2 Tx chains whether 23dBm+23dBm or 26dBm+26dBm PAs are employed to achieve full power for rank 1 transmission. There is always tendency of requiring more transmit power from UE, for example if 26dBm+26dBm architecture is agreed then this type of UE may be required to transmit maximum of 29dBm output power! In this sense, full rated PAs on each transmit chain cannot solve the core issue of transmit power for non-coherent transmission capable UEs.
Another solution, option 2, is to refine UL codebook for non-coherent transmission capable UEs, i.e. introducing new entries with non-antenna selection precoders. In Rel-15, for non-coherent transmission capable UEs the precoders are limited to antenna selection vectors is due to phase inconsistency between Tx chains, which means the UE cannot guarantee the precoder applied on PUSCH is same as gNB indicated TPMI for non-antenna selection precoders. Allowing all transmit chains for rank 1 or single antenna port PUSCH transmission certainly provides gain in terms for maximum transmit power, especially in coverage limited scenario. However, some investigation on performance impact of precoder mismatch would be desirable. For such an investigation, a model in phase error should be first agreed. In our view, we are open to introducing a UE capability for full power UL transmission with refined UL codebook (introducing new non-antenna selection entries) and related investigation on performance.
Observation: for non-coherent transmission capable UE, in single antenna port transmission or codebook based UL transmission scheme with full rated PAs on each transmit chain has hardware impact on the UE and cannot solve the core issue of achieving full power transmission, while in non-codebook based transmission scheme it can be left up to UE implementation. 
Proposal1: refinement of PUSCH single antenna port transmission in current specification 38.213 can be considered.
Proposal2: refinement of UL codebook for non-coherent transmission capable UEs can be considered, potential performance impact of precoder mismatch can be investigated.
3. Conclusion

In this contribution with discussed the issues of full power transmission in UL, also discussed two potential solutions, we have following observation and proposals:
Observation: for non-coherent transmission capable UE, in single antenna port transmission or codebook based UL transmission scheme with full rated PAs on each transmit chain has hardware impact on the UE and cannot solve the core issue of achieving full power transmission, while in non-codebook based transmission scheme it can be left up to UE implementation. 

Proposal1: refinement of PUSCH single antenna port transmission in current specification 38.213 can be considered.
Proposal2: refinement of UL codebook for non-coherent transmission capable UEs can be considered, potential performance impact of precoder mismatch can be investigated.
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