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Introduction
In RAN1#87ah-NR, the following agreement was made on power control[1]:
[bookmark: _GoBack]Agreements:
· Pathloss measurement for UL power control to be based on at least one type of DL RS for beam measurement is supported.
· Notes: beam measurement RS includes CSI-RS, RS defined for mobility purpose, FFS: SS & DMRS
· FFS: on multiple type of RS 
· FFS: other DL RS
· FFS: Whether beam pair link and/or beam group and/or layer specific power control parameter set(s) includes  and/or .  
· Separate power control process can be supported for transmission of different channel/RS (i.e., PUSCH, PUCCH, SRS).
· Same gNB antenna port can be used for pathloss measurement for multiple process.
· FFS: Different gNB antenna ports can be used for pathloss measurement for each process
· NR supports power control for UE side multiple panel transmission
· FFS: specification impact to support multiple panel 
· FFS: waveform independent/dependent parameters for power control


In this contribution, we discuss the remaining issues on power control.
[bookmark: _Ref178064866]Discussion
On multiple type of RS
In the last RAN1 NR ad hoc meeting, it was agreed that at least one type of DL RS for beam management is supported for pathloss measurement for purpose of UL power control. The beam measurement RS includes CSI-RS, RS defined for mobility purpose.   
In LTE, CSI-RS is typically configured in a UE specific manner after a UE has been assigned with a C-RNTI.  It is expected that the same procedue would be used in NR. So at least during the initial access and before CSI-RS is configured, pathloss (PL) should be measured based on a common reference signal such as a mobility RS, which is assumed to be configured in a cell specific manner, for RACH, MSG3, PUCCH, PUSCH, or grant less PUSCH. 
After CSI-RS has been configured, CSI-RS can be used for pathloss calculation for PUSCH, PUCCH, SRS.   In this case, the pathloss is estimated based on the RSRP measurement on the CSI-RS.  In case of multiple analog beams are used at the gNB, a UE needs to keep a table of RSRP for each DL beam.  The table could be established through DL beam sweeping, in which all or part of the DL beams are transmitted one by one over consecutive OFDM symbols or slots, each carrying a unque CSI-RS.  The UE may tune or sweep its own Rx beam for each DL beam to find the best matching Rx beam and the corresponding RSRP. So after the DL beam sweep, a mapping between RSRP and beam pair links should be established. 
[bookmark: _Toc474162078][bookmark: _Toc474165774]Mobility reference signal (MRS) or a common reference signalis likely needed for open loop power control as least during initial access (i.e. before beam specific CSI-RS is configured).  After CSI-RS is configured, CSI-RS for beam management can be used for pathloss measurement.
[bookmark: _Toc473796417][bookmark: _Toc473796771][bookmark: _Toc474097660][bookmark: _Toc474097869][bookmark: _Toc474162084][bookmark: _Toc474165076][bookmark: _Toc474165779]Consider to use Mobility RS or a common reference signal at least during initial access and CSI-RS during normal opertation for pathloss calculations. 
On other DL RS
In LTE, the RSRP used for pathloss calculation is filtered over a long period of time to average out any contributions from fast fading, thus power control in LTE is used mainly to track shadowing effect.  In NR, narrower beams in both DL and UL link are expected to be used and frequent beam switching is expected due to UE movement.  It may be difficult to measure long term RSRP for each beam link and short term RSRP may be needed.
For fast power control, the received power on DMRS or PDCCH/PDSCH may also be used for pathloss calculation. However, DL power can vary due to DL power control such as between SU-MIMO and MU-MIMO and such variation is transparent to UE in DMRS based transmission.  So it is difficult to calculate pathloss unless the transmit power is singaled to the UE. Another issue is that DMRS/PDCCH/PDSCH may be transmitted on only part of the system bandwidth, which make it difficult to use for power control purpose as the UL transmission could be on a different subband and there could be large pathloss differences due to frequency selective fading.
[bookmark: _Toc474162079][bookmark: _Toc474165775]It seems to be difficult to use DMRS for pathloss measurement due to possible DL power control and narrow bandwidth
[bookmark: _Toc473796418][bookmark: _Toc473796772][bookmark: _Toc474097661][bookmark: _Toc474097870][bookmark: _Toc474162085][bookmark: _Toc474165077][bookmark: _Toc474165780]Further study is needed on weather DMRS or SS can be used for pathloss calculation.
On different beam pair links 
A beamBeam pair links (BPLs) is a radio link described by a pair of beams, one at the gNB Tx side and the other at the UE Rx side.  BPLs can be used either simultaniouslysimultaneously during one transmission interval or in different time intervals to support robust data transmission between gNB and a UE. Due to different propapagation conditions, different pathloss can be experienced in different beam pair links. (BPLs).  To account for the different propagation conditions, independent power-control loopprocess per BPL could enable accurate uplink power control for both data-channel, control-channel, and reference signal transmissions.  A UE needs to maintain at least a separate pathloss per BPL for open loop power control and an independent power cumulation function for each BPL.  Independent power control per BPL would also allow the support of multi-layer transmission over multiple BPLs on different TRPs.
In LTE, parameter, is used to set the baseline target receive power at eNB, while  is used for fractional power control and can be used to make trade offs between received signal quanlity and inter-cell interference.  For the same receiving TRP, these two parameters could be shared by different BPLs, but for maximum flexibility it may be a good idea to keep them independent per BPL to allow as the BPLs frommay be associated with multiple transmission points be supported, where different  and  may be used in different TRPs for network optimization.  
[bookmark: _Toc474162080][bookmark: _Toc474165776]Independent power control loop per BPL is needed for accurate uplink power control and for multi-layer transmission over more than one TRPs. 
[bookmark: _Toc473796419][bookmark: _Toc473796773][bookmark: _Toc474097662][bookmark: _Toc474097871][bookmark: _Toc474162086][bookmark: _Toc474165078][bookmark: _Toc474165781]Consider to support independent power control loop and parameters for different beam pair links.
On different waveforms 
The main argument for supporting waveform dependent different parameters was that power backoff may be needed for CP-OFDM. However, one option could be to have different values of Pc,max for CP-OFDM and DFT-S-OFDM. Alternatively, a fixed offset may be specified between the two waveforms. All oher parameters should be the same. 
[bookmark: _Toc474162082][bookmark: _Toc474165777]For different waveforms, most of the power control parameters should be the same. A simple offset could be used between CP-OFDM and DFT-S-OFDM
[bookmark: _Toc473796775][bookmark: _Toc474097664][bookmark: _Toc474097873][bookmark: _Toc474162088][bookmark: _Toc474165080][bookmark: _Toc474165782]Consdier to use the same set of power control parameters for both waveforms except a fixed offset.
On multiple panels
When UE has multiple panels, there is an ongoing discussion on how to perform beam reporting in establishing multiple BPLs, either set based or group based [2]. However, from power control point of viewthere seems to be no difference from BPLs with a single panel. or beams for power control purpose. For each DL Tx beam, a UE would measure RSRP for the best Rx beam on each panel. The UE keeps a list of best Rx beams and the corresponding panels for all DL Tx beams. For UL transmission, either one or morepanels could be used simulataniously, pathloss may be adjusted by the UE depending on which BPL on which panel isare used.  This can be transparent to gNB. So based on this understanding, multi-panel does not need to be handled differently from BPLs for power control purpose. 
Thus we have the following observation:
[bookmark: _Toc474162083][bookmark: _Toc474165778]Multi-panel power control can be handled in a similar way as for BPLs, there seems to be no need to treat multi-panel separately.
Based on the above observations, we have the following proposal:
[bookmark: _Toc473796421][bookmark: _Toc473796776][bookmark: _Toc474097665][bookmark: _Toc474097874][bookmark: _Toc474162089][bookmark: _Toc474165081][bookmark: _Toc474165783]Unless there are other compelling reasons, the same power control mechanism for multiple BPLs may be used for multiple panels.
Conclusions
In this contribution we made the following observations:
Observation 1	Mobility reference signal (MRS) or a common reference signalis likely needed for open loop power control as least during initial access (i.e. before beam specific CSI-RS is configured).  After CSI-RS is configured, CSI-RS for beam management can be used for pathloss measurement.
Observation 2	It seems to be difficult to use DMRS for pathloss measurement due to possible DL power control and narrow bandwidth
Observation 3	Independent power control loop per BPL is needed for accurate uplink power control and for multi-layer transmission over more than one TRPs.
Observation 4	For different waveforms, most of the power control parameters should be the same. A simple offset could be used between CP-OFDM and DFT-S-OFDM
Observation 5	Multi-panel power control can be handled in a similar way as for BPLs, there seems to be no need to treat multi-panel separately.

Based on the discussion in this contribution we propose the following:
Proposal 1	Consider to use Mobility RS or a common reference signal at least during initial access and CSI-RS during normal opertation for pathloss calculations.
Proposal 2	Further study is needed on weather DMRS or SS can be used for pathloss calculation.
Proposal 3	Consider to support independent power control loop and parameters for different beam pair links.
Proposal 4	Consdier to use the same set of power control parameters for both waveforms except a fixed offset.
Proposal 5	Unless there are other compelling reasons, the same power control mechanism for multiple BPLs may be used for multiple panels.
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