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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we discuss remaining issues on SRS power control and PHR. This is update of R1-1717919.
Discussion
SRS power control
A unified SRS power control equation is defined regardless of whether SRS is intended for DL/UL CSI acquisition or beam management. We discuss the following remaining issues.

h_SRS,c(i) related discussion
For serving cell c on which the UE is not configured with PUSCH (i.e., SRS switching case), closed-loop power control process for SRS is separately configured was proposed in email discussion. The SRS power control not tied with PUSCH is operated by closed power control commands by group common DCI with TPC-SRS-RNTI. 
For serving cell c on which the UE is configured with PUSCH, only h_SRS,c(i) = fc(i,l) where l = 1, 2 should be supported in order to reduce the number of independent closed-loop processes as much as possible. Both accumulative TPC and absolute TPC should be supported for SRS power control because SRS power control is tied with PUSCH and share the same closed loop. For this serving cell c, it is unnecessary to support SRS power control not tied with PUSCH power control. 
Therefore, SRS power control not tied with PUSCH should be supported only for serving cell without PUSCH. For serving cell c on which the UE is configured with PUSCH, it is unnecessary to support both of h_SRS,c(i) = 0 and additional closed loop process. 
Proposal 1: For serving cell c on which the UE is configured with PUSCH, only h_SRS,c(i) = fc(i,l) where l = 1, 2 should be supported.
Proposal 2: SRS power control not tied with PUSCH should be supported only for serving cell without PUSCH.

Parameter configuration per SRS resource set or per SRS resource
Parameter configuration per SRS resource set should be supported in order to avoid potential impacts to gNB/UE implementation caused by TX power change per symbol. The configuration of SRS resource set can be flexible and only have a SRS resource. In this sense, it is possible to configure different PC parameters for different SRS resources by resource set configuration. Therefore, we don’t see the need to have SRS resource specific parameter configuration. 
Proposal 3: Parameter configuration per SRS resource set should be supported.

'k1' related discussion
In the case of beam correspondence, PL estimation using only one DL RS could obtain larger link adaptation gain. In the case of non-beam correspondence, using the cell level quality for PL estimation would be useful for reducing UL PL compensation amount. If the best DL RS is always taken, it means the best DL beam based power control. If average among DL RSs is taken, it means averaged DL beam based power control. For TDD like situation of the fast fading are correlated between DL and UL, the best DL beam based power control would be more reasonable. For FDD like situation of the fast fading are no correlation between DL and UL, averaging is obtained and it would be PL estimation only takes slow fading. Therefore, for DL RS(s) for PL estimation, the configuration among two options (i.e., using only one DL RS and using the cell level quality) is reasonable.
Proposal 4: For DL RS(s) for PL estimation, two options (i.e., using only one DL RS and using the cell level quality) should be supported by semi-static configuration.

MSRS,c related discussion
NR power control should compensate the PSD flatness loss due to SCS change. The SCS change is not only coming from one PRB bandwidth difference but also allowed to reflect the performance difference among SCSs like resistance to phase noise, slot/symbol length and so on. Regardless of alternatives of definition of MSRS,c, we see the need of P0_SRS,c or PSRS_OFFSET,c is configured depending on the numerology. If such configuration is available, either alternative is fine as a PRB bandwidth difference also can be compensated by such parameter. Among three alternatives, just because of the simplicity, Alt 2 is our slight preference.
Proposal 5: P0_SRS,c or PSRS_OFFSET,c should be configured depending on the numerology to compensate the PSD flatness loss due to SCS change and to reflect the performance difference among SCSs. Among three alternatives of definition of MSRS,c, just because of the simplicity, Alt.2 (i.e., expressed in terms of the number of allocated PRBs regardless of SCS used for SRS transmission) is our slight preference.

PHR
In order to know UE's actual PUSCH transmission power (or EIRP), gNB needs to know following parameters based on the current power control framework.
- Pcmax,c(i)
- PLc(k)
- fc(i,l)
The remaining parameters are known to gNB as far as UE follows the scheduling of gNB. Although real PHR shows the actual remaining power headroom, as Pcmax,c(i) is resource assignment dependency, if the resource assignment and/or waveform is different from the transmitted slot of real PHR, gNB is not able to know what is available power headroom. For gNB, it should be possible to predict what UE's transmission power is when the resource assignment is differentiated in order to judge up to what TBS and what reliability can be scheduled. In order to allow such estimation at gNB, we propose to report PLc(k) and fc(i,l) respectively in addition to real PHR if k and l are not one to one mapping. LTE's virtual PHR method helped to estimate the transmission power of different resource assignment but it does not distinguish between PLc(k) and fc(i,l). By having separate reporting, the contribution from PL and the contribution from close loop can be separately known and it helps to adjust beam selection. When resource assignment is different, gNB is not able to know actual Pcmax,c(i) but gNB can use minimum performance of Pcmax,c(i) in order to predict ensured available power. To report PLc(k) and fc(i,l) also helps to predict PUCCH transmission power also. Although Dec 2017 target is one beam, we think such design would be forward compatible. 
For both virtual PHR and real PHR, the similar PHR trigger conditions as LTE can be used for PUSCH, for example based on pathloss change or timer expiration. The gNB triggered condition can also be considered. In case that UE reports multiple virtual PHRs including the above reporting of PLc(k) and fc(i,l) for each beam or real PHRs, additional overhead may increase. In order to reduce additional overhead, the amount of PHR reporting should be limited according to PHR trigger conditions. For example, in case of the trigger condition for the path loss change, the UE reports only the virtual PHR using the changed PLc(k). On the other hand, in case of the trigger condition for periodic PHR timer expiration, the UE reports the virtual PHR of all beams.
Proposal 6: NR should support UE to report PLc(k) and fc(i,l) respectively, which are used for gNB to calculate virtual PHR
Proposal 7: PHR trigger conditions in LTE can be reused for virtual and real PHRs in NR but some mechanisms on overhead reduction should be considered especially for multiple-beam case.  

Conclusion
In this contribution, we discuss remaining issues on SRS power control and PHR. We have the following proposals: 
Proposal 1: For serving cell c on which the UE is configured with PUSCH, only h_SRS,c(i) = fc(i,l) where l = 1, 2 should be supported.
Proposal 2: SRS power control not tied with PUSCH should be supported only for serving cell without PUSCH.
Proposal 3: Parameter configuration per SRS resource set should be supported.
[bookmark: _GoBack]Proposal 4: For DL RS(s) for PL estimation, two options (i.e., using only one DL RS and using the cell level quality) should be supported by semi-static configuration.
Proposal 5: P0_SRS,c or PSRS_OFFSET,c should be configured depending on the numerology to compensate the PSD flatness loss due to SCS change and to reflect the performance difference among SCSs. Among three alternatives of definition of MSRS,c, just because of the simplicity, Alt.2 (i.e., expressed in terms of the number of allocated PRBs regardless of SCS used for SRS transmission) is our slight preference.
Proposal 6: NR should support UE to report PLc(k) and fc(i,l) respectively, which are used for gNB to calculate virtual PHR
Proposal 7: PHR trigger conditions in LTE can be reused for virtual and real PHRs in NR but some mechanisms on overhead reduction should be considered especially for multiple-beam case.  
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Annex Previous agreements
In RAN1#90bis, the following was agreed on PHR [1].
Agreements:
· Support PH calculation for PUSCH transmission


· Calculation for current transmission 
· FFS: Calculation for non-current transmission
Agreement:
· Support Pcmax,c reporting for PHR corresponding to NR PUSCH only transmission
Above is supported at least for sub-6GHz. 
Agreement:
· Support one PHR format: PH and Pcmax,c
· FFS: PHR reporting restriction for short UE timeline cases (ex: reporting virtual PHR)

The following was proposed in the email discussion of [90b-NR-40] on SRS power control.
Proposed agreements:
· For SRS power control
[image: cid:WSBAF4Z2BE71@namo.co.kr]
· A unified power control equation is defined regardless of whether SRS is intended for DL/UL CSI acquisition or beam management as shown above.
· FFS whether or not to introduce P_SRS_OFFSET,c
· Note: the exact equation including the index of each parameter is up to the editor.
· Whether or not SRS power control is tied with corresponding PUSCH power control is based on RRC signaling and the following is down selected.
· Alt.1: explicit configuration
· Alt.2: implicit configuration by gNB implementation
· e.g., gNB configures the same values for some parameters between PUSCH power control and SRS power control or the same association rule among P0_SRS,c, α_SRS,c, PL reference and closed-loop is applied for PUSCH and SRS power control
· In Alt.2, no RRC configuration is needed for signaling the direct linkage between PUSCH and SRS power control 
· FFS: details on the indication of the linkage via L1 signaling, e.g., using SRI in DCI, or an association rule among P0_SRS,c, α_SRS,c, PL reference and closed-loop applied for PUSCH and SRS power control
· The following are configured by RRC
· FFS: P_SRS_OFFSET,c 
· P0_SRS,c
· α_SRS,c
· ‘k1’ which indicates DL reference RS(s) for PL estimation
· FFS if the configuration of ‘k1’ can be optional. 
· FFS: P0_SRS,c; α _SRS,c; k1; h_SRS,c, P_SRS_OFFSET,c can be configured for each configured SRS resource in the SRS resource set or only per SRS resource set (if P_SRS_OFFSET,c is supported).
· Configuration should support an option for common values for at least P0_SRS,c; k1; α _SRS,c, P_SRS_OFFSET,c to be applied for all the configured SRS resource(s) in the SRS resource set (if P_SRS_OFFSET,c is supported).
· Note: it is not precluded that the same parameters are configured for multiple SRS resource sets by gNB configuration.
· For h_SRS,c(i), 
· At least the following can be configured by RRC for serving cell c on which the UE is configured with PUSCH
· h_SRS,c(i) = fc(i,l) where l = 1, 2
· FFS on the following
· If h_SRS,c(i) = 0 is supported.
· If additional closed loop is supported for SRS power control in case that SRS power control is tied with PUSCH power control.
· h_SRS,c(i) in case that SRS power control is not tied with PUSCH power control
· If both accumulative TPC and absolute TPC are supported for SRS power control
· For serving cell c on which the UE is not configured with PUSCH
–      Closed-loop power control process for SRS is separately configured and not linked to closed-loop power control process for PUSCH of other serving cell(s) on which the UE is configured with PUSCH
· For PL estimation, 
· Each SRS resource set is associated with X1 DL reference signal(s) for PL estimation, FFS on if X1 can be more than 1
· Maximum number of PL estimates to be maintained by UE is limited to X2, FFS on X2.
· FFS: PL estimation associated with k1 should be kept unchanged per the configured SRS resource set
· It is assumed here that a UE expects the gNB to configure the same type of time-domain behavior (i.e., periodic, semi-persistent, or aperiodic) for all SRS resources in a SRS resource set.
· This assumption need to be revisited based on discussion in other AI.
· Definition of M_SRS,c(j) will be discussed in Reno meeting
· For further discussion, some examples are captured here assuming that M PRBs are allocated for both 15 kHz SCS and 120 kHz SCS
· Alt.1: expressed in the number of PRBs based on 15 kHz regardless of number of PRBs allocated for SRS transmission
· For 15 kHz SCS, Msrs,c(j) = M  and for 120 kHz SCS, Msrs,c(j) = 8M 
· Alt.2: expressed in terms of the number of PRBs allocated for SCS transmission
· For 15 kHz SCS, Msrs,c(j) = M  and for 120 kHz SCS, Msrs,c(j) = M 
· Alt.3: expressed in the number of PRBs based on 15 kHz SCS for sub-6GHz and based on 60 kHz SCS for above 6 GHz
· For 15 kHz SCS, Msrs,c(j) = M  and for 120 kHz SCS, Msrs,c(j) = 2M 
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