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1. Introduction

Uplink power control enhancement was discussed in RAN1#89 meeting with the following agreements:
Agreements:

· Support beam specific pathloss for ULPC

Agreements:

· The following DL RS can be used for PL calculation for UL PC 

· If the power offset between SSS and DM-RS for PBCH is known by the UE, both SSS and DM-RS for PBCH of SS block

· If the power offset between SSS and DM-RS for PBCH is not known by the UE, SSS only of SS block

· CSI-RS;

· FFS: the applicable case for above DL RSs; if both are used, whether/how to combine/handle the measurement

In this contribution, we discuss the remaining issues on uplink power control for PUSCH/PUCCH/SRS.
2. Discussion
2.1. Power control for PUSCH/PUCCH
For a UE supporting both DFT-S-OFDM and CP-OFDM, the waveform for UL transmission is configured by gNB, e.g. via RRC signaling or L1 signaling. DFT-S-OFDM can provide lower PAPR as well as better uplink coverage. CP-OFDM can provide higher spectrum efficiency via frequency diversity. DFT-S-OFDM is mainly used for cell edge UEs with single layer transmission, while CP-OFDM is mostly for cell centric UEs with UL MIMO. For a mobile UE or a UE multiplexed with another UE with different waveform, the waveform may need to be changed quickly, and then a dynamic signaling for waveform configuration is necessary at least for UL single port transmission or diversity transmission [1].

Due to different coverage of waveforms, the transmit power of UEs configured with different waveforms would be different. If the waveform is semi-statically configured, gNB can reconfigure the semi-static power control parameter, e.g. Po,PUSCH, according to configured waveform. If the waveform is dynamically configured, waveform-specific power control parameter(s) are needed to obtain independent power for different waveforms. A simple method is introducing a power offset between the two waveforms, e.g. an offset of Po,PUSCH. Close-loop power control could also be used for power adjustment of different waveforms, but can only be a complementation due to limited range. Separate Pc,max for different waveforms could also be considered which could be decided by RAN4.
Proposal 1: gNB configures an offset of Po,PUSCH/Po,PUCCH to obtain transmit power of different waveforms when the waveforms are dynamically configured for a channel/signal.
In LTE, power scaling priority is defined for different channel types, e.g. control channel has higher priority than data channel. The principle can be reused in NR if different channel types are multiplexed in the same time resource. If multiple channels with same channel priority (e.g. for the same channel type) and different waveforms need to be simultaneously transmitted by a power limited UE (e.g. in different carriers), the power scaling priority can be further determined by the waveform priority. 
In NR, multiple traffic types including eMBB, URLLC and mMTC are supported. An uplink transmission can be used to transmit eMBB data or URLLC data. For a power limited UE, if URLLC data and eMBB data are transmitted simultaneously in the same time but different frequency bands, the total power may beyond the maximum transmit power. Then the transmit power of eMBB data should be scaled firstly. If the length of URLLC transmission and eMBB transmission is different, at least in the symbols where URLLC data and eMBB data are FDMed within a carrier or in different carriers, the transmit power of eMBB data should be scaled. However, a UE could not be aware of the traffic type of scheduled data in physical layer. Then a channel priority implicitly associated with traffic type in higher layer should be defined in physical layer for each data transmission to obtain power scaling priority. The channel priority can be also applied to other PHY aspects which need to differentiate traffic types.

Proposal 2: Power scaling priority should be defined for different channel types, traffic types and different waveforms.
Beam-specific pathloss was agreed in RAN1#89 meeting. However, there can be multiple understandings on the definition of “beam-specific” and different companies may have different understanding:

· U1: UL Tx beam-specific pathloss, which means different pathloss is used for PC of uplink signal transmitted with different Tx beams (FFS how to acquire the pathloss)
· U2: UL BPL-specific pathloss, which means different pathloss is used for PC of uplink signal using different beam pair links (FFS how to acquire the pathloss)
· U3: DL Tx beam-specific pathloss, which means different pathloss is derived from downlink signal transmitted with different Tx beams (FFS how to apply the pathloss to UL signal)
· U4: DL BPL-specific pathloss, which means different pathloss is derived from downlink signal using different beam pair links (FFS how to apply the pathloss to UL signal)
How beam-specific pathloss is defined is highly associated with the method to acquire the pathloss applied to PC of a UL signal, and needs to be clarified in this meeting. In our opinion, it is not needed to introduce Rx beam associated DL pathloss since the Rx beam is implemented by UE, and U1/U3 can be further discussed. 
Proposal 3: The definition of “beam-specific pathloss” should be further clarified.

In NR, whether pathloss estimated from DL RS can be directly applied to uplink power control needs further study. If beam correspondence is hold in gNB and UE, it can be assumed that the large scale pathloss of DL RS and UL RS is similar, and the pathloss derived from a DL RS can be applied to power control of UL signal using symmetric BPL. Even in this case, gNB needs to indicate the DL RS used for pathloss estimation for a UL signal to exploit beam correspondence in gNB. 
On the other hand, if beam correspondence is unavailable in gNB or UE, it can’t be assumed that the pathloss is reciprocal between UL and DL. Since different beams would be used for Tx and Rx at a node, there would be significant difference between actual UL pathloss and estimated DL pathloss. gNB may needs to provide some complementary information for UE to calculate pathloss. For example, gNB could estimate UL pathloss based on UL signal, and inform or modify PC parameter for UE to acquire accurate uplink pathloss or appropriate transmit power.
Proposal 4: Pathloss calculation for scenarios with and without beam correspondence should be considered separately.
2.2. Power control for SRS
SRS could be used for UL CSI acquisition (e.g. RI/PMI/CQI calculation and resource scheduling) or UL beam management (e.g. Tx/beam sweeping). For SRS for UL CSI, it is straightforward that the pathloss and PC parameters applied to PUSCH should be reused as much as possible to avoid the mismatch between UL CSI and PUSCH transmission. For UL beam management, multiple SRS resources using different Tx beams can be configured by gNB. gNB could select at least one out of the SRS resources with best quality and inform it to UE to determine Tx beam of PUSCH. For gNB to correctly select the best beam via receiving quality, it is expected that the same transmit power is applied to the SRS resources. Beam-common pathloss and power control parameters could be defined for this type of SRS. For example, pathloss associated with one beam can be applied to all the SRS resources used for beam management. If only beam-specific objective power (Po,PUSCH) is introduced for PUSCH, one Po,SRS can be defined for SRS and other power control parameters (expect pathloss) can reuse that of PUSCH as in LTE.
Proposal 5: For SRS for CSI acquisition, PC parameters for PUSCH can be reused except Po,SRS.

Proposal 6: For SRS for UL beam management, beam common pathloss and PC parameters should be applied to derive the same transmit power.
3. Conclusions
In this contribution, we discuss the uplink power control for different types of UL signal. We have the following proposals:
Proposal 1: gNB configures an offset of Po,PUSCH/Po,PUCCH to obtain transmit power of different waveforms when the waveforms are dynamically configured for a channel/signal.

Proposal 2: Power scaling priority should be defined for different channel types, traffic types and different waveforms.
Proposal 3: The definition of “beam-specific pathloss” should be further clarified.

Proposal 4: Pathloss calculation for scenarios with and without beam correspondence should be considered separately.
Proposal 5: For SRS for CSI acquisition, PC parameters for PUSCH can be reused except Po,SRS.

Proposal 6: For SRS for UL beam management, beam common pathloss and PC parameters should be applied to derive the same transmit power.
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