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Introduction
In RAN1#91, RAN1 finalized NR power control including power headroom report (PHR). However an essential feature seems to be missing. Although PH calculation for PUSCH and SRS were defined in the related specification, that for PUCCH is missing [1]. In addition, PH calculation condition for PUSCH and SRS is unclear.
	


Type 1 PH report: In a PUSCH transmission period  UE computes a power headroom for a Type 1 report for a carrier  of serving cell  as 

[dB]







where , , , , ,  and  are defined in Subclause 7.1.1. 



Type 2 PH report: In a SRS transmission period , a UE computes a power headroom for a Type 2 report for a carrier  of serving cell  as 



if the UE transmits SRS in SRS transmission period  for carrier  of serving cell , the UE computes power headroom for a Type 2 report as 

 [dB]






where , , , ,  and  are defined in Subclause 7.3.1;



if the UE does not transmit SRS in SRS transmission period  for carrier  of serving cell , the UE computes power headroom for a Type 2 report as 

 [dB]









where  is a SRS resource set provided to the UE by higher layers and ,,  and  are defined in Subclause 7.3.1.  is computed based on the requirements in [8, TS 38.101] assuming a SRS transmission in SRS transmission period , and assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and TC =0dB. MPR , A-MPR, P-MPR and TC are defined in [8, TS 38.101]. For this case, the physical layer delivers  instead of   to higher layers.


In this contribution, we consider introducing PH for PUCCH and clarifying PH calculation condition.
Discussion
In single carrier operation, gNB can estimate PUCCH PH with small error using PUSCH PHR, because related parameters are available at gNB side although there can be mismatch between gNB and UE due to TPC command accumulation and UL grant detection errors. On the other hand, in multi-carrier operation, i.e., CA and DC, it’s difficult for a gNB to estimate accurate PUCCH PH. In Rel.15 NR, simultaneous PUSCH and PUCCH in a CC is not allowed. As a result, when PUCCH is transmitted in a CC, gNB have to estimate PUCCH PH using virtual PHR. Since MPR is assumed to be zero in a virtual PHR, estimated PUCCH PH using the virtual PHR will not be accurate one. In order to avoid such problem, we propose to support PUCCH PH calculation.
Observation: In multi-carrier operation, i.e., CA and DC, it’s difficult for a gNB to estimate accurate PUCCH PH.
Proposal 1: Support PH calculation for PUCCH.
In LTE-A, Type2 PH was defined considering PUSCH and PUCCH transmission power. Although simultaneous transmission of PUSCH and PUCCH is not allowed in Rel.15 NR, in order to keep forward compatibility reusing it would be beneficial. Without it, we’ll need to introduce additional PH calculation if simultaneous transmission of PUSCH and PUCCH is supported in a future release. Furthermore, if LTE-A Type 2 PH is reused, NR Type2 PH should be renumbered as NR Type3 PH so that the numbering is aligned with LTE PHs.
Proposal 2: Reuse LTE-A Type2 PH for NR with some modification as followed:


Proposal 3: Renumber NR Type2 PH as NR Type3 PH so that the numbering is aligned with LTE PHs.
  In addition, regarding PHR for SRS, some restriction is needed. In contrast to LTE-A, SRS can be FDMed with PUSCH or PUCCH. Consequently gNB is not aware about which type of PH is used. For example, when PUSCH and SRS are transmitted in a same symbol, NR Type1 and NR Type2 PH can be used. But which one is used is unclear. In order to clarify that, we propose to add a condition such that NR Type2 PH is calculated for a carrier of serving cell c where PUCCH and/or PUSCH are not configured.
Proposal 4: Add a condition for SRS PH calculation such that NR Type2 PH is calculated for a carrier of serving cell c where PUCCH and/or PUSCH are not configured as in LTE-A.
Conclusion
In this contribution, we had discussion on remaining issues on PHR. Our proposals are summarized as followed;
Observation: In multi-carrier operation, i.e., CA and DC, it’s difficult for a gNB to estimate accurate PUCCH PH.
Proposal 1: Support PH calculation for PUCCH.
Proposal 2: Reuse LTE-A Type2 PH for NR with some modification as followed:


[bookmark: _GoBack]Proposal 3: Renumber NR Type2 PH as NR Type3 PH so that the numbering is aligned with LTE PHs.
Proposal 4: Add a condition for SRS PH calculation such that NR Type2 PH is calculated for a carrier of serving cell c where PUCCH and/or PUSCH are not configured as in LTE-A.
Reflecting proposal 4, current description in subclause 7.7.2 of TS 38.213 should be modified as followed;
	


Type 1 PH report: In a PUSCH transmission period  UE computes a power headroom for a Type 1 report for a carrier  of serving cell  as 
…



Type 2 PH report: In a SRS transmission period , a UE computes a power headroom for a Type 2 report for a carrier  of serving cell , where PUCCH and/or PUSCH are not configured, as 


Reference
[1] RP-172703, 3GPP TS 38.213 v2.0.0
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