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Introduction
In RAN1 WG1 Meeting #92 [1], RAN1 continued the discussion about the uplink power control, and the following agreement on the operation of power control with accumulative TPCs were reached; 
	Agreement:
The following text proposal is agreed:
In Sections 7.1.1 of TS 38.213 
· 

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

When  value is changed by higher layers.




In NR, dynamic selection of UE receive beams adds further complexities to pathloss measurements, and consequently to the operation of uplink power control. In this contribution, we provide our perspectives on the operation of closed loop power control with accumulative TPC during a receive beam switch.

Beam Switch and Pathloss Measurement
For UL power control, pathloss estimation is performed based on the difference between the reference signal power and the higher layer filtered RSRP. For beam based transmission, while the same principle is held, some consideration for efficient implementation of power control may be needed.
To reduce inter-cell interference a TRP may restrict the set of BPLs that a UE may use to reduce interference to a neighboring cell. Since in NR, as shown in Figure 1, a UE may frequently optimizes the choice of its receive beam, the difference in pathloss measurement resulted from a potential beam switching needs to be considered in the operation of closed loop power control. A change in a BPL may not be always entirely based on pathloss. In NR deployments, the interference on the uplink may be highly variable and increased compared to legacy deployments due to dynamic BPL switching. There is also a higher likelihood of scheduling MU transmissions on the uplink compared to previous legacy deployments that may also influence uplink beam selection.
In certain scenarios, a change in BPL may be required by excluding certain beams for mitigating imposed interference by neighboring cells or UEs. Therefore, in the case of a BPL switch, a UE is required to use a different beam set than the beam that it had been configured. Since, the new BPL may exhibit a different path loss, the transmitted power need to be adjusted accordingly.


[bookmark: _Ref477429576]Figure 1 BPL determination
It has been already agreed that if either P0 and/or α changes, the power control loop is automatically reset. However, it is not decided yet what would happen in case of a beam switch without any change in P0 or α. Since simultaneous maintenance of pathloss measurements for multiple (>2) TPC processes is neither efficient nor supported in NR, other solutions are needed to assure continuity in proper operation of power control with the accumulative TPC during a beam switch. In the accumulative TPC mode, the pathloss difference between two beams becomes an important issue due to the memory of the power control loop. To address potential issues related to pathloss measurements due to beam switching, different alternative approaches can be considered. 
Power Control Loop Reset 
To prevent any distortion in pathloss measurement, when changing to a new beam, the UE may simply restart TPC process. Therefore, as the UE reconfigures to a new receive beam, it also can reinitialize the power control settings, and start over. After the reset, UE resumes accumulation of TPC commands again to arrive at an accurate estimate of the pathloss. While such approach resolves potential distortion of the pathloss measurement due to the beam switch, it results in some lag in convergence of the power control loop. Given the dynamic behavior of beam pairing process, it may be that by the time the loop converges, a new beam is selected and the power control loop gets reset again and cause further delay in the convergence.

[bookmark: _Hlk510130750]Observation 1:  Resetting the power control loop resolves the problem related to the pathloss differences observed during a beam switch, however it may delay the convergence of the loop.

TPC or Pathloss Correction 
Given the potential lag in the convergence of the power control loop after a beam switch, it would be beneficial if the state of the loop can be preserved. As such, instead of a reset, a correction term can be added to compensate for the difference in the pathloss observed by the two beams. For example, the UE can determine the new transmit power by applying the difference of the original BPL path loss and the one of the newly selected BPL.




Observation 2:  To count for the pathloss difference resulted from a beam switch, a correction term based on the observed pathloss difference between the new and last beams can be added to the power setting derived for the last beam. 

Proposal: Use a correction term based on the observed pathloss difference between the new and last beams to count for the pathloss difference resulted from a beam switch.

Summary
In this contribution, we provide our perspectives on the operation of closed loop power control with accumulative TPC during a receive beam switch. Based on the presented discussion, following observations and proposal are made:
Observation 1:  Resetting the power control loop resolves the problem related to the pathloss differences observed during a beam switch, however it may delay the convergence of the loop.

Observation 2:  To count for the pathloss difference resulted from a beam switch, a correction term based on the observed pathloss difference between the new and last beams can be added to the power setting derived for the last beam. 

Proposal: Use a correction term based on the observed pathloss difference between the new and last beams to count for the pathloss difference resulted from a beam switch.
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