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Introduction
In RAN1 90bis [1], the following has been agreed for UL power control 

Agreements: 
For closed loop power control process, f(i) in case of accumulative TPC command mode can be reset by RRC reconfiguration of P0 and alpha

In RAN1 92, the following agreements were reached [2]:
Agreement:
At least for the case of initial access
•	UE will use the SSB identified during the initial access as the DL RS/SSB for pathloss estimation for PUSCH(including MSG3) before DL RS(s) is explicitly configured for pathloss measurement.
•	UE will use the SSB identified during the initial access as the DL RS/SSB for pathloss estimation for PUCCH before DL RS(s) is explicitly configured for pathloss measurement.
Agreement:
The following text proposal is agreed:
In Sections 7.1.1 of TS 38.213 
· 

A UE can shall reset accumulation for carrier  of serving cell 
· 
When  value is changed by higher layers;
· 

When  value is received by higher layers and serving cell  is a secondary cell;
· 
When  value is changed by higher layers.
In Sections 7.3.1 of TS 38.213
· 

A UE can shall reset accumulation for carrier  of serving cell 
· 
When  value is changed by higher layers;

When  value is changed by higher layers.
Working Assumption:
For the case of PUSCH with grant for DCI 0_0 and DCI 0_1 with no SRI field in uplink grant, at least the following is supported
•	DL RS for PL estimation is given by, the RS corresponding to pusch-pathlossreference-index=0  of pusch-pathloss-Reference-rs (i.e., q_d =0), if only one DL RS for path loss is configured
•	P0 and alpha are given by, the values corresponding p0alphasetindex =0 of p0-pusch-alpha-setconfig (i.e., j=2), if only one entry of p0-pusch-alpha-setconfig is configured for PUSCH transmission with grant;
•	Closed loop index l=0
Note that depending on the further agreement on the MIMO session, additional mapping rules for {j, q_d, l} for the PUSCH with grant and no SRI field in uplink grant can be considered.
In this contribution, some remaining issues on NR power control for PUSCH are discussed. 
[bookmark: _Ref473802466][bookmark: _Ref462669569]Accumulative TPC 
[bookmark: _Hlk503482237]It has been agreed that f(i) in case of accumulative TPC command mode shall be reset if  Po or is changed by higher layerbut the handling of the TPC command f(i) and g(i) in case of beam switching with the same open-loop parameters has not been fully defined. In general, accumulative TPC commands should be carried over to avoid a cold start of power control loop. However, in the case beam switch signalled by the change of pathloss reference signal resource, qd, directly using the accumulated TPC commands can lead to unnecessarily large transmit power.

Assuming the source and destination beams have similar interference environment and hence the same P0 and , the received signal power should be the same for the same grant. Let PLS,L3 and PLS be, respectively, the L3 estimate and actual path loss of the source beam, the received signal power using the source beam is


where C is factor determined by the grant and is common to source and destination beams. Likewise, if f(i) is carried over, the received signal power using the destination beam is



The received power difference is therefore 

 

Assuming layer-3 pathloss is an accurate estimate of the true path loss, i.e., PLs,L3=PLs and PLd,L3=PLd, the power difference becomes 



From the above, we have the following observation.

Observation 1: In case of beam switching with the same Po and , carrying the accumulative TPC command, f(i), can lead to unnecessarily large transmit power if the destination beam has smaller path loss.
 
The additional power transmitted using the destination beam increases as the path loss difference of the destination and source increases. Assuming L3 and L1 path loss are the same for both of the beams and the path loss difference is 10 dB and =0.7, then 3 dB extra power is transmitted by directly carrying over f(i).  To save UE transmit power and also avoid unnecessarily large interference to other UEs, corrections on f(i) should be allowed. Hence we have the following proposal

[bookmark: _Hlk503545329]Proposal 1: In the case of beam switching indicated by the change of reference signal resource, qd, and if the source and destination beams have the same Po and , the accumulative TPC of the destination beam is given by  fd(i-1)= fs(i-1)+for PUSCH where .

[bookmark: _Hlk503482285]Group Power Control
If two closed loops are configured, how to indicate the loop index, l, associated with a TPC command in group power control DCI formats 2_2 and 2_3 is yet to be defined. Since two closed loops can be configured for two different beams, it is possible that group power control is needed for both of the loops, e.g., periodic CSI-RS reporting using two different beams. To ensure forward compatibility, it is preferred to indicate the loop index in the group power control command. 
[bookmark: _GoBack]Two options to indicate the closed-loop index in group power control DCI without new RRC signalling are
· An even-numbered TPC -RNTI is for power control loop 0, and an odd-numbered TPC-RNTI for loop 1.
· TPC indices <X are for power control loop 0 and TPC indices >=X are for power control loop 1.
· FFS the value of X. 

Proposal 2: For indicating the power control closed loop index in DCI formats 2_2 and 2_3, down-select from the following:
· An even-numbered TPC -RNTI is for power control loop 0, and an odd-numbered TPC-RNTI for loop 1.
· TPC indices <X are for power control loop 0 and TPC indices >=X are for power control loop 1.
· FFS the value of X. 

The time gap between a group power control DCI and the corresponding UL transmission that the TPC command in the DCI applies to needs to be specified. 
[bookmark: _Hlk510725526]Proposal 3: For power control for  PUSCH, PUCCH, and SRS, the TPC command in a group power control DCI  to be applied is the last one received before slot n-k+1, where n is the slot number of the UL transmission and k is the first entry of k2 configured by higher layer for PUSCH slot offset.

[bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
The following observations and proposals have been made for uplink power control: 
Observation 1: In case of beam switching with the same Po and , carrying the accumulative TPC command, f(i), can lead to unnecessarily large transmit power if the destination beam has smaller path loss.

Proposal 1: In the case of beam switching indicated by the change of reference signal resource, qd, and if the source and destination beams have the same Po and , the accumulative TPC of the destination beam is given by  fd(i-1)= fs(i-1)+for PUSCH where .

Proposal 2: For indicating the power control closed loop index in DCI formats 2_2 and 2_3, down-select from the following:
· An even-numbered TPC -RNTI is for power control loop 0, and an odd-numbered TPC-RNTI for loop 1.
· TPC indices <X are for power control loop 0 and TPC indices >=X are for power control loop 1.
· FFS the value of X. 

Proposal 3: For power control for  PUSCH, PUCCH, and SRS, the TPC command in a group power control DCI  to be applied is the last one received before slot n-k+1, where n is the slot number of the UL transmission and k is the first entry of k2 configured by higher layer for PUSCH slot offset.

[bookmark: _Ref457730460][bookmark: _Ref450735844][bookmark: _Ref450342757]References	
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