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1 Introduction

In Rel-16 WID [1], the following objective for UL transmission power was agreed to be specified, 
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
Progress has been made for UL full power transmission in the last meeting and several options are listed for further consideration. 
Agreement

Consider the following potential solutions and other solutions (such as combination of the solutions below) for UL full power transmission. Decision will be made in RAN1#95:

· 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 (no specification impact)
In this paper, we analyse the options, and give our preference on the options and related issues need to be addressed. Potential solutions are also presented.
2 Discussion on the options for UL full power transmission
2.1 Discussion on the options for UL full power transmission
The status of the power control mechanism decided in Rel-15 can be seen as:

· Fully-coherent UE can use full power when fully-coherent codewords are indicated, while it cannot use full power when partially-coherent / non-coherent codewords are indicated.
· Partially-coherent UE always cannot use full power. Specifically, only up to a half of maximum power can be used when partially-coherent codewords are indicated and only up to a quarter of maximum power can be used when non-coherent codewords are indicated.
· Non-coherent UE always cannot use full power. Specifically, only up to a quarter of maximum power can be used when non-coherent codewords are indicated.
In order to let partially-coherent / non-coherent UE achieves the same maximum transmit power as fully-coherent UE, full power transmission should also be considered for the partially-coherent / non-coherent UE especially for the coverage limited cases with spec changes according to Rel-15 power control mechanism. 
Observation 1: Option 4 cannot be used for partially-coherent / non-coherent UE to support full power transmission.
As discussed online in the last meeting, down-selection needs to be done among all the listed options. However, only refine the codebook or only adjust power control mechanism may not address the issue for full power transmission. For example, Option 2 alone is meaningless, since it is transparent for spec and can be actually applied only if some new codewords can be supported to indicate this transmission scheme. Considering that all the non-coherent antennas will be used by Option 2, codewords beyond UE coherent capability should be indicated. In this case, Option 1-1 and Option 2 need to be combined together to address full power transmission as discussed in [2]. 

Then, Option 3 should also be combined with Option 1-1, otherwise if the power control mechanism satisfies full power transmission for low rank (rank 1 or 2) for non-coherent and partially-coherent UEs defined in Rel-15, the transmission power for higher rank will be more than the maximum power. 

So, to discuss the solutions for addressing the full power issue for PUSCH transmission, we discuss the candidate options combined within two alternatives. 

· Alt-1: Combine Option 2 and Option 1-1 to use all antennas for full power utilization
· Alt-2: Combine Option 3 and Option 1-2 to use partial antennas for full power utilization
Alt-1 is to replace the non-coherent and partial coherent codewords in the UL codebook with coherent codewords for the full power transmission case, such as, non-coherent codeword [1 0 0 0]T is replaced with coherent codeword [1 1 -1 -1]T. Therefore, the misalignment for the non-coherent antenna ports including phase shift and amplitude will be introduced. With small delay CDD transmission, the phase shift may be randomized. However, the mismatch of amplitude for the non-coherent antennas is still existed. Since Alt-1 needs all of the antennas to support full power transmission, if some antennas are blocked by some objects, such as hands, the transmission power from blocked antennas will be reduced significantly, so Alt-1 cannot support full power transmission on the other antennas, which are not blocked.  
Alt-2 is to transmit the PUSCH with full power utilization by using part of the antennas, where only additional power scaling need to be added for UL codebook other than change the codebook structure for coherent/partial coherent UEs by Alt-1. In Alt-2, there is no mismatching issues for non-coherent antennas. Furthermore, Alt-2 also allows the full power transmission on one or a part antennas in the case that some antennas are blocked for transmission. When non-coherent/partial coherent codewords with additional scaling factor are indicated, the transmission power of PUSCH is directly scaled to each non-zero antenna port so that full power transmission can be realized. For example, when gNB indicate a non-coherent codeword without scaling factor to a 2Tx non-coherent UE, in order to achieve maximum 23dBm PUSCH transmission, the selected antenna needs 23dBm transmission power.
Observation 2: Down-selection can be made among the two alternatives:

· Alt-1: Combine Option 2 and Option 1-1 to use all antennas for full power utilization
· Alt-2: Combine Option 3 and Option 1-2 to use partial antennas for full power utilization
2.2 Comparison on Alt-1 and Alt-2 

We firstly provide the performance comparison between the two alternatives as mentioned above. The simulation assumes that UE has 2Tx with non-coherent capability and PUSCH transmission is fixed to rank-1. And we also provide the evaluations for the case considering the modelling of blocking of UE’s one antenna. In Figure 1, we can see that that both of Alt-1 and Alt-2 provide substantial gain over current Rel-15 non full power PUSCH transmission mechanism. In the case that both of the antennas are not blocked, Alt-2 with full power transmission in single antenna is slightly better than Alt-1 with small delay CDD on two antennas. The reason is that all the transmission power is concentrated to the optimal antenna which is selected based on the SRS measurement for Alt-2, while for Alt-1, the transmission power is scaled equally to all the antennas to support full power transmission. 
However, in the case that one antenna is blocked, then there is obvious performance loss of Alt-1 compared to Alt-2. The reason is that each of the antennas cannot utilize the maximum power in Alt-1, when one antenna is blocked, only half of the maximum power can be achieved. Meanwhile, for Alt-2, the antennas that are not blocked for the PUSCH transmission can be selected for PUSCH transmission and full power on the selected antennas can still be utilized. Therefore, Alt-2 outperforms Alt-1.
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Figure 1. Performance of the candidate alternatives.
Observation 3: Alt-2 with full power transmission in single antenna has slightly better performance than Alt-1 with small delay CDD on two antennas in the no blocking cases, but Alt-2 has obvious gain compared to Alt-1 in the case of one antenna is blocked. 
As shown in the performance comparison, Alt-2 is better than Alt-1, since Alt-1 is with the problems that mismatch the phase and amplitude for the non-coherent UE antennas. Another issue is that, in the blocked cases, although two antennas are used to support full power transmission in Alt-1, due to the blockage, the power on the blocked antennas are indeed wasted, which result in “non-efficient full power transmission” from UE side.

In addition, if with Alt-1, where coherent codewords are also used for non-coherent/ partial coherent transmission, it will be confused in spec, since the small delay CDD is spec transparent. It seems that in spec there is no such small delay CDD, but indeed it need to be used for Alt-1 to address the full power transmission. Furthermore, in order to let gNB get reliable MCS based on the SRS measurement, SRS transmission may be modified specifically for this new transmission scheme. Then, at least for UEs with PA(s) with full power capability, the UE implementation for Alt-1 is more complicated than Alt-2. 
Observation 4: Alt-1, i.e., diversity transmission with all antennas needs to consider the impact on SRS transmission. 
Proposal 1: Support Alt-2, i.e., using partial antennas ports for PUSCH transmission, to enable full power utilization.

In the case that UE is in cell edge or with low SINR, boosting power for PUSCH transmission may be beneficial. However, in the case that the UL channel is with good quality or high SINR, there is no performance loss even for transmission with power scaling. If we still use full power, the power consumption on UE will increase and additional inter-UE or inter-cell interference will be introduced due to the unnecessary power transmitted. So, whether it is beneficial to support boosting power or not depends on current UL channel condition and the UL scheduling. In this case, boosting power or not should be decided in each PUSCH transmission instance.
Other than the explicit signaling to indicate full power transmission or not, there is no additional signalling bits on the implicit way. The implicit way requires that both gNB and UE have a common understanding on whether to use the full power or not for each PUSCH transmission instance, which can be decided based on current channel quality.
We give an example on how to determine the full power transmission or not based on current channel quality. It is known that if the UE will transmit PUSCH with the power close to maximum transmission power, it means the UE is in the low SINR region. So, it make sense to let UE support full power transmission to enhance the system performance at this case. It has been supported in Rel-15 that the power used for PUSCH transmission can be reported by UE periodically, such as, the power headroom (PH) representing the differential between the maximum transmission power and current PUSCH transmission power can be reported by UE, so gNB can get the same knowledge as UE on the power used for PUSCH. In this case, both gNB and UE can have a common understanding to use the full power or not. 
Based on the common understanding, since the power for PUSCH transmission can be dynamically modified by UL power control, gNB can determine whether to use full power transmission without introducing additional signalling.

Proposal 2: Support implicit way to indicate the power control for whether to use full power transmission.
3 Discussion on the UE RF architecture to support full power transmission 
In this section, we discuss the further issues for full power transmission, which also should be addressed in Rel-16. Whether full power transmission can be used is related on UE antenna structure. For some UEs, the power of each antenna cannot be boosted due to the limitation on PA capability. Furthermore, gNB needs to know antenna’s power capability for PUSCH transmission, considering that only some of the antennas can support full power transmission. From RAN1 aspect, we can see the necessity to clarify the antenna structures for the full power transmission discussion, and RAN4 also need to discuss and define antenna’s power capability. UE also needs to report its capability of whether can support full power UL transmission or not for each antenna. 
More details can be found in our companion contribution [3] and we have the following proposals.
Proposal 3: RAN1 should clarify the antenna structures used for full power transmission discussion, and send an LS to RAN4 for associated antenna power capability.
Proposal 4: A UE capability is required to be reported for whether full power transmission is supported or not.
4 Summary of discussions
Based on the above discussion, we have the following observations and proposals: 
Observation 1: Option 4 cannot be used for partially-coherent / non-coherent UE to support full power transmission.
Observation 2: Down-selection can be made among the two alternatives:

· Alt-1: Combine Option 2 and Option 1-1 to use all antennas for full power utilization
· Alt-2: Combine Option 3 and Option 1-2 to use partial antennas for full power utilization
Observation 3: Alt-2 with full power transmission in single antenna has slightly better performance than Alt-1 with small delay CDD on two antennas in the no blocking cases, but Alt-2 has obvious gain compared to Alt-1 in the case of one antenna is blocked. 
Observation 4: Alt-1, i.e., diversity transmission with all antennas needs to consider the impact on SRS transmission. 
Proposal 1: Support Alt-2, i.e., using partial antennas ports for PUSCH transmission, to enable full power utilization.
Proposal 2: Support implicit way to indicate the power control for whether to use full power transmission.
Proposal 3: RAN1 should clarify the antenna structures used for full power transmission discussion, and send an LS to RAN4 for associated antenna power capability.
Proposal 4: A UE capability is required to be reported for whether full power transmission is supported or not.
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