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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)
In this paper, we discuss the issues we need to be addressed and the potential solutions for UL full power transmission.
2 Discussion on UL full power transmission
2.1 Issues on UL full power transmission

In Rel-15, to determine the transmission power of PUSCH, a UE scales the PUSCH transmission power 
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 by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme. The resulting scaled power is then split equally across the antenna ports on which the PUSCH is transmitted. 
The above power control operation is similar to LTE. For the LTE rank-1 codewords with zero antenna ports, PUSCH transmission power is also scaled compared with the codewords with non-zero antenna port. Main reasons for such design in both LTE and NR Rel-15 are listed as following:
· At least for some UEs, each antenna port can only use its own PA. In this case, when some of the antenna ports are set to zero according to the TPMI, their power cannot be used by the antenna ports not set to zero.
· For example, the two antennas in UE side have 20dBm PAs. Then, the total power for PUSCH can achieve to 23dBm, but if one of the two antennas is selected by TPMI, power larger than 20dBm cannot be reached. 

· The codewords with zero antenna ports can be used to support UL transmission with lower power cost. Note that the feature of UE power saving in UL codebook design has been supported since LTE Rel-10, the feature also needs to be supported in NR to be kind to UE’s power consumption at least for the UEs with high SINR. 
· Using full power for PUSCH transmission may introduce inter-user interference, so at least UEs with not that low SINR or limited link budget can use less power to reduce the UL interference.
If the full power transmission for part of antennas needs to be specified in Rel-16, at least we need to discuss and address the above issues. 
2.2 Cases can be with UL full power transmission
Before we do the specification, at least we need to understand in which cases the full power transmission can be used and which cases are not. So, in the following, we discuss the cases or limitations for the full power transmission.

As discussed in the above section, the use case of full power transmission on the part of antennas depends on the antenna structures. For a UE with two PAs supports that the maximum output power is 26 dBm, and the maximum output power of each PA is 23 dBm, as shown in figure 1 (a), any of its antennas cannot support PUSCH transmission with larger than 23 dBm. In this case, full power transmission cannot be supported.

For another example that a UE with two PAs, the maximum output power of one PA is 23 dBm and the other PA is 26 dBm, as shown in figure 1 (b). In such case, only one of its antennas can support PUSCH transmission with larger than 23 dBm. In this case, full power transmission can be supported, but only on one of the antennas.
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Figure 1. Examples of different UE antenna structure
In addition, in the case shown in figure 1 (b), only one of the antennas can support full power transmission. In this case, gNB needs to know each antenna’s power capability for PUSCH transmission. Otherwise, there will be a mismatch between TPMI for port selection and the exact port for PUSCH transmission with full power. So, for such cases, the RAN4 need to discuss and define the each antenna’s capability.
Proposal 1: RAN1 should clarify the antenna structures used for full power transmission discussion, and send an LS to RAN4 for associated antenna power capability.
For codebook based UL transmission in NR Rel-15 with 4 Tx, one of the three coherent capabilities in terms of fully-coherent, partially-coherent and non-coherent is reported by UE. For 2 Tx, one of the two coherent capabilities in terms of fully-coherent and non-coherent is reported by UE. Each of the coherent capabilities corresponds to a subset of codewords and gNB can indicate a codebook subset based on UE capability. 
In the case that UE is in cell edge or with low SINR, boosting the power for PUSCH transmission may be beneficial. However, in the case that the UL channel is with good quality or high SINR, even with non-coherent or partial coherent transmission without full power, there is no performance loss. If we still use full power transmission, one problem is that the power consumption on UE will increase as discussed in Section 2.1. Another problem is that there may be additional inter-UE or inter-cell interference introduced due to the unnecessary power transmitted. So, there are different requirements on whether to use full power transmission on non-coherent or partial coherent transmissions for different cases. 

Considering that UL channel condition and the UL scheduling varies at each TTI, whether it is beneficial to support boosting the power for PUSCH or not can be changed dynamically. So boosting power or not should be decided in each of the PUSCH transmission instance.
Observation 1: Whether/How to use full power transmission should depend on the current channel quality.
3 Potential solutions for full power UL transmission
As discussed in Section 2, UE cannot be always uses full power PUSCH transmission when with capability of partially-coherent or non-coherent. Whether full power transmission can be supported is heavily depended on different UE’s antenna structure and channel conditions. So, UE may need to report its capability of whether can support full power UL transmission or not, and whether to use full power transmission should be based on the channel conditions. 
Proposal 2: A UE capability is required to be reported for whether full power transmission is supported or not.
Based on the discussion in Section 2, full power PUSCH transmission is used for the cases that UE is in low SINR or at cell-edge. But for the case that UE is with high SINR, the full power seems unnecessary. So, both gNB and UE can depend on the current channel quality to have a common understanding to use the full power transmission or not for 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. 
Then, we give an example on how to determine the full power transmission or not based on the channel quality. It is known that if the UE will transmit PUSCH with the power close to Max transmit power (without full power transmission), it means the UE is in the low SINR region. So, it make sense that UE using the full power transmission to enhance the system performance at this case. It has been supported that the power used for PUSCH transmission can be reported by UE periodically, 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. Since the transmit power can be dynamically increased by UL power control, gNB can determine whether to use full power transmission without introducing additional signalling.
Proposal 3: Whether to use full power transmission can use implicit signalling to control uplink transmission power depending on the current channel condition.
4 Summary of discussions
Based on the above discussion, we have the following observations and proposals: 
Observation 1: Whether/How to use full power transmission should depend on the current channel quality.
Proposal 1: RAN1 should clarify the antenna structures used for full power transmission discussion, and send an LS to RAN4 for associated antenna power capability.
Proposal 2: A UE capability is required to be reported for whether full power transmission is supported or not.
Proposal 3: Whether to use full power transmission can use implicit signalling to control uplink transmission power depending on the current channel condition.
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