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1 Introduction

In RAN1 94bis and 95 meeting [1] [2], five potential solutions enabling full power transmission were identified:

· Option 1: Refinement/adjustment of UL codebook is supported

· 1-1: Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs

· 1-2: Introduce additional scaling factor for uplink codebook

· Option 2: UE transparently apply a small cyclic or linear delay

· Option 3: Power control mechanism to be modified to support UL full power transmission without precluding the use of full rated PA(s)

· Note: Full rated PA refers to a PA having power not lower than that of the power class

· Option 4: Up to UE implementation with UE capability signalling of full power transmission in UL

· Option 5: For the precoders with 0 entries, the linear value [image: image2.png]Pouscp,fc(ij, Qar 1)



 of a PUSCH transmission power is scaled by a ratio (Rel-16. The value of (Rel-16 is selected up to UE implementation within the range of [(Rel-15, 1],  where (Rel-15 is 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 as defined in NR Rel-15 specification. 

· UE is required to maintain consistent (Rel-16 value on different occasions of PUSCH transmissions with the same precoder for PUSCH
In RAN1 Ad-Hoc 1901 meeting [3], three UE PA architectures for full power transmission were agreed:

· 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

In this contribution, we provide some discussions on full Tx power UL transmission.
2 Full Tx power UL transmission
For PC3, in RAN1 96 meeting [4], the following agreement and working assumption were identified:
Agreement

At least for PC3, UE capability 1, 3 can support full power transmission.

Working assumption: For PC3, UE capability 2 can support full power transmission.

· Companies to check for any implementation issues and/or performance of Rel-16 full power transmission compared to Rel-15 non-coherent codebook subset uplink transmission)

For PC2, in the LS [5], RAN4 said that they did not preclude any UE implementation for 2Tx UE, and they had no discussion and specification for 4 Tx UE. That is to say at least for 2Tx UE, all of the capability 1, 2 and 3 are supported. 
From our perspective, for both PC2 and PC3, all of the UE capability 1, 2, and 3 have application scenarios, and they all should be supported for full power transmission. Besides, if the simulation results show positive gains for both 2Tx and 4Tx UE, then both 2Tx and 4Tx UE should be supported for full power transmission. However, if the simulation results show marginal or negative gains for 4Tx UE, then at least 2Tx UE should be supported for full power transmission, and 4Tx UE may be considered to be the second priority since even the requirements for 4Tx UE have not been determined in RAN4. 
Proposal 1: At least for 2Tx UE, all of the UE capability 1, 2, and 3 for both PC2 and PC3 should be supported for full power transmission. 
For capability 2 UE, no Tx chain is assumed to deliver full power, which implies that the PA architecture of PC2 UE with 2Tx is 23dB+23dB. Based on previous discussions, the potential solutions for capability 2 UE are as follows,

· Alt 1: Option 2 + Option 1-1

· Alt 2: Option 2 + Option 1-2

· Alt 3: Option 2 + Option 3

· Alt 4: Option 2 + Option 1-1 + Option 3

· Alt 5: Option 5

It is found that alternatives 1-4 are all relied on Option 2, where UE need to transparently apply a small cyclic or linear delay. Since the small cyclic or linear delay is transparent for spec and rely on UE implementation to achieve full power transmission, one potential issue is that whether or not the UE implement small cyclic or linear delay is hard or even impossible to test in practice. Another issue is that even UE has implemented the small cyclic or linear delay, the performance cannot be guaranteed since the performance of small cyclic or linear delay is greatly depending on the specific environment and the concrete delay used by the UE.
To avoid the above potential issues, for capability 2 UE, one scheme is that different antenna ports can be used at different frequency parts of the resource RBs scheduled by the DCI for UL transmission, where the number of frequency parts is same with the number of antenna ports, then all the antennas can achieve the maximum transmission power. As shown in Fig.1, for 2Tx PC2 UE with capability 2 (23dBm+23dBm), the time-frequency resource scheduled by DCI format 0_1 can be divided into two parts in frequency domain. Antenna port 0 with 23dBm is used for the upper part resource, and antenna port 1 with 23dBm is used for the lower part resource. With this solution, on the one hand, we can avoid the shortcomings of UE implementation based on small cyclic or linear delay, on the other hand, each of PA can realize up to 23dB transmission power, so that the maximum output power of 26dBm can be achieved without being limited by the non-coherent UE capability.
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Fig.1 Different antenna ports can be used for different frequency parts of the resource RBs scheduled by the DCI
Proposal 2: To realize full power transmission for capability 2 UE, different antenna ports can be used for different frequency parts of the resource RBs scheduled by the DCI.
3 Conclusions

Based on the above discussions, the proposal are as follows:
Proposal 1: At least for 2Tx UE, all of the UE capability 1, 2, and 3 for both PC2 and PC3 should be supported for full power transmission. 
Proposal 2: To realize full power transmission for capability 2 UE, different antenna ports can be used for different frequency parts of the resource RBs scheduled by the DCI.
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