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1. Introduction
In RAN1 NR Ad-hoc#3 meeting, RAN1 has made several agreements for UL power control mechasnism as following [1].
	Agreements:
For PL estimation, NR supports
1. At least higher layer filtered RSRP is supported for PL estimation based on configured CSI-RS and/or SS block
0. Note: Above includes the support for at least beam-specific RSRP measurement
0. FFS: Whether L1 RSRP is additionally supported
0. Note: Companies are encouraged to study the benefits of additionally using L1 RSRP for PL estimation
0. FFS: Details on the L3 filter in NR specification (including whether to define or not) should be discussed in the mobility session
Agreements:


· Su
· Support at least Pcmax,c(i), MPUSCH,c(i), P0,c(j), αc(j), PLc(k), ΔTF,c(i) for NR PUSCH power control for serving cell c
· i is slot number
· j is the index of open-loop parameter
· K is the index of RS resource(s) for pathloss measurement
· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz
· MPUSCH,c is related to the scheduled BW, FFS on the details
· ΔTF,c is for single layer transmissions
· Support up to N closed-loop power control processes, i.e.,  fc(i,l), for NR PUSCH power control for serving cell c 
· N=2 is working assumption
· l is the index of closed-loop power control process
· FFS: reset trigger, e.g., parameter set reconfiguration and/or explicit signaling
· FFS: linkage and indication of {j, k, l}, explicit/implicit signalling
· Note: Exact way to capture the details of the above proposal depends on the uplink beam management and the editor
Agreement:
· For NR-PUSCH
· Accumulative TPC command mode is supported.
· FFS: when UE has to reset fc(i)
· FFS on KPUSCH
Working Assumption:
· For NR-PUSCH
· Absolute TPC command mode is supported.
· FFS on KPUSCH


In this contribution, we discuss further the remaining issues of the UL power control and PHR for NR.

1. Discussion
1. NR power control for PUSCH
During last RAN1 meeting, it has been agreed that beam-specific power control and pathloss measurement is supported for NR. Since different Tx beams have experienced different pathloss, it is clear different DL RSs (i.e. CSI-RS, SS) would be used for the pathloss calculation for UL as we agreed in previous meeting. Accordingly, it implies that different DL RS resources are associated with one or multiple pathloss estimation, and the pathloss values need to be linked with one or multiple UL Tx beams for UL Tx power determination at a UE based on BPL (if available). Since a gNB and UE can get beam correspondence through beam management procedure and send SRI by PDCCH to indicate UL Tx beam, a UE can know what antenna panel(s)/port(s) is associated with certain UL Tx beam(s). That is, the SRI is used to indicate certain antenna port(s) and then an antenna panel including the antenna port(s) is automatically determined, according to the configuration between antenna port and panel. Accordingly, SRS resource (group) would be associate with independent antenna panel and UL Tx beam. 
Following table shows an example for the relationship between UL antenna panel (associated with SRI) and other UL Tx parameters including DL RS resource for pathloss(k), open-loop parameter(j), possibly closed-loop PC process (l) and QCL information. There could be multiple SRI configurations and each of SRI configuration can be linked to one or multiple parameter sets (#0~N-1). To handle various use cases and scenarios with UL Tx beams, a gNB can provide the multiple parameter set configurations to a UE for better UL Tx beam transmission. How these parameter sets are configured is completely gNB’s implementation issue.
Table 1: UL power control parameter associations 
	
	Parameter set#0
	Parameter set#N-1

	UL Antenna panel#0
(SRI#0) for TRP1
	PL: CSI-RS resource#0
	PL: CSI-RS resource#1

	
	Open-loop parameter j=0
	Open-loop parameter j=0

	
	Closed-loop PC process l=0
	Closed-loop PC process l=1

	
	QCL#0
	QCL#0

	UL Antenna panel#1
(SRI#1) for TRP2
	PL: SS block resource
	PL: CSI-RS resource#2

	
	Open-loop parameter j=1
	Open-loop parameter j=1

	
	Closed-loop PC process l=0
	Closed-loop PC process l=1

	
	QCL#1
	QCL#2


Proposal 1: It is proposed that SRI in DCI (PDCCH) is used to indicate DL RS resource for pathloss, open-loop parameters, closed-loop PC process and possibly QCL information based on the associated parameter set configuration.

1. NR PHR for PUSCH
It was agreed in RAN1 AH-NR#2 that PHR is based on the corresponding PUSCH transmission(s). The PUSCH based on multiple Tx beams can be simultaneously transmitted or dynamically switched across Tx beams by a gNB scheduling. In PH calculation perspective, it is required for a UE to calculate PHs for multiple Tx beams, since at least beam correspondence between TRP and UE can be dynamically changed due to beam blockage, movement and rotation. Also, depending on UL scheduling in multiple TRPs, the beam switching may be performed if a UE do not have ability to simultaneously transmit multiple UL Tx beams. Following figure is illustrations for PH calculation with multiple Tx beams depending on UE antenna capabilities and deployment scenarios. 

       
Figure 1: UL multiple Tx beams for multiple TRPs
For type 1 PH in this example, if multiple UL Tx beams that are associated with both SRI and the corresponding parameter sets are scheduled by a gNB, a UE should calculate the PH based on UL Tx beam corresponding to the scheduling and parameter set configuration. Depending on the number of UL Tx beams that are linked to the number of SRS resources (group), the maximum number of PHs could be determined. In that case, it would be an issue that how many Tx beams (i.e. SRI) are associated with one PH value because the number of UL Tx beam may be large, which will result in PH reporting overhead in MAC CE format. Therefore, we need to settle down it in acceptable range in terms of PHR overhead. One possible way is that either one BPL group or even multiple BPL groups could be associated with one PHR as seen in Figure 1. Assuming the channel characteristic including pathloss among multiple Tx beams may be almost similar within a BPL group, one PHR per a BPL group would be useful in terms of PH accuracy and reporting overhead. Alternatively, one PHR can be performed according to total sum of PUSCH transmission power based on multiple UL Tx beams in a given slot as following equation:

    [dB]
where B is the considered number of SRS resource (group) within one BPL group or multiple BPL groups, depending on the gNB configuration. This will result in less signaling overhead for PHR while accuracy of the PH information may not be stable. Therefore, it would be desired that PH per BPL (group) is calculated according to the PUSCH corresponding to the parameter set and reported to the gNB in order to provide reliable PH and efficient UL resource utilization for PUSCH e.g. considering following equation.

 [dB]
In case there is no PUSCH scheduling in a slot i but, PHR is triggered, a virtual PH should be also considered for UL NR as in LTE. It would be helpful to know the approximate available UE power in multiple UL Tx beams for future UL scheduling. So, we need to discuss about the details of reference PUSCH format for the virtual PH.
Proposal 2: It is proposed to discuss whether one PHR is associated with BPL group(s) or SRI(s) with relationship of the corresponding parameter set(s), considering accurate available UE power information and PHR overhead.
Proposal 3: Both real PH and virtual PH is supported for NR.
2. Conclusion
[bookmark: _GoBack]In this contribution, we discussed on remaining issues focusing on some aspects of power control and PHR . As a conclusion, we summarize proposals as following:
Proposal 1: It is proposed that SRI in DCI (PDCCH) is used to indicate DL RS resource for pathloss, open-loop parameters, closed-loop PC process and possibly QCL information based on the associated parameter set configuration.
Proposal 2: It is proposed to discuss whether one PHR is associated with BPL group(s) or SRI(s) with relationship of the corresponding parameter set(s), considering accurate available UE power information and PHR overhead.
Proposal 3: Both real PH and virtual PH is supported for NR.
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