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Introduction
At RAN2#AdHoc 1801, RAN2 has discussed PHR for and made the following agreement
FFS how to support SUL PUSCH and SRS scenario.  How to report and differentiate between type 1 and type 3 PHR
Accordingly, an email discussion [NR-AH1801#16][NR UP/ MAC] – PHR for SUL has been initiated aiming to address the FFS.
Recently, in an incoming LS (R4-1801078) from RAN4, RAN4 has suggested to have 7 bits for the PH field in the PHR MAC CE. In that LS, RAN4 suggested a single PHR mapping table with 1 dB resolution comprising 7 bits is applied for PHR in both frequency regions FR1 and FR2. It is worth noting that whether the Pc,max field is also increased to 7 bits is still under discussion in RAN4.
This contribution discusses the impacts on PHR formats and PHR tables due to these open issues.  
[bookmark: _Ref178064866]Discussion
PHR format for SUL
In the current MAC, there are two different formats of PHR MAC CEs including Single Entry PHR MAC CE and Multiple Entry PHR MAC CE. The first is applicable to the single serving cell that the PHR is triggered. The second is designed to scenarios that CA or DC is configured, in this case, the UE can report PHs for all serving cells (for both cell groups in case of DC) in a single MAC CE.
For the first issue on how to support PHR for SUL PUSCH and SRS scenario, the UE must be able to report Type 1 PH and Type 3 PH for a serving cell simultaneously. We expect that only Single Entry PHR MAC CE would be impacted as we don’t see the necessity that SUL carrier is configured for a serving cell in CA or DC cases.  The SUL carrier is designed to increase the UL coverage for an NR UL carrier at high frequency region to be comparable with that of the LTE carrier. An NR cell at low frequency band can be deployed as a Primary cell for CA or DC to compensate the UL coverage for a UE.
1. [bookmark: _Toc503376679][bookmark: _Toc503429732][bookmark: _Toc503460877][bookmark: _Toc505771114][bookmark: _Toc506307362][bookmark: _Toc506465982][bookmark: _Toc506470892][bookmark: _Toc506475915]The support of a PHR for SUL PUSCH and SRS scenario only impacts Single Entry PHR MAC CE.
1. [bookmark: _Toc506307363][bookmark: _Toc506465983][bookmark: _Toc506470893][bookmark: _Toc506475916]There is no need to deploy an SUL carrier for an NR cell in CA or DC cases.
7-bit Power headroom
For the second issue on the change of PH size from 6 bits to 7 bits, it would impact both Single Entry PHR MAC CE and Multiple Entry PHR MAC CE. There are three reasons for this change.
1.	An NR serving cell can be deployed at much higher frequency carriers where the propagation properties are much different compared that of the carriers at lower frequency regions.
2.	The way of estimating PH will likely be different compared to the LTE way of estimating the PH (e.g., based on Pcmax which in turn is based on EIRP at least for the frequency range FR2).
3.	New UE power classes in NR which will allow to transmit up to a higher maximum transmission power level than in LTE.
Meanwhile the size of Pc,max may be also increased from 6 bits to 7 bits.
1. [bookmark: _Toc506307364][bookmark: _Toc506465984][bookmark: _Toc506470894][bookmark: _Toc506475917]The need to increase PH from 6 to 7 bits impacts both Single Entry PHR MAC CE and Multiple Entry PHR MAC CE.
In order to address the potential impacts on PHR formats and tables, RAN2 must define additional new PHR formats while keeping the current PHR MAC CEs unchanged. In such a manner, we consider both backward compatibility and future outlook. The UE would then keep two sets of PHR formats. The UE chooses the suitable PHR format according to the carrier frequency or additional signaling sent by the network.
It is more straightforward to design a new PHR MAC CE for single serving cell case complying with the need to report PHR for SUL PUSCH and SRS scenario (e.g., the UE is able to report Type 1 PH and Type 3 PH for a serving cell with SUL carrier at the same time), and the need to support the increased sizes for PH and also Pc,max.
1. [bookmark: _Toc506465985][bookmark: _Toc506466049][bookmark: _Toc506471028][bookmark: _Toc506475918]RAN2 defines an additional new PHR MAC CE for single serving cell case to comply with
1) [bookmark: _Toc506465986][bookmark: _Toc506466050][bookmark: _Toc506471029][bookmark: _Toc506475919]The need to report PHR for SUL PUSCH and SRS scenario (e.g., the UE is able to report Type 1 PH and Type 3 PH for a serving cell with SUL carrier at the same time)
2) [bookmark: _Toc506465987][bookmark: _Toc506466051][bookmark: _Toc506471030][bookmark: _Toc506475920]The need to support the increased sizes for PH (and potentially Pc,max, pending RAN4 progress)
[bookmark: _Toc506465988][bookmark: _Toc506465989]It is more complex for the design of new PHR MAC CEs for DC and CA. For NR DC and NR CA, the new PHR MAC CE can be designed complying with the need to support the increased sizes for PH field.
[bookmark: _Toc506465990][bookmark: _Toc503376684][bookmark: _Toc503429735][bookmark: _Toc503460879][bookmark: _Toc505771117][bookmark: _Toc506307370][bookmark: _Toc506465991][bookmark: _Toc506466052][bookmark: _Toc506471031]For LTE-NR DC or NR-LTE DC, the new PHR MAC CE need to support both the old size of PH field (i.e., 6 bits) and the new size of PH field (i.e., 7 bits). 
[bookmark: _Toc506475921]RAN2 defines additional new PHR MAC CEs for DC and CA to comply with the increased size for PH (and potentially Pc,max, pending RAN4 progress)
Conclusions
Based on the discussion in section 2 we make the following observations and propose the following:
Observation 1	The support of a PHR for SUL PUSCH and SRS scenario only impacts Single Entry PHR MAC CE.
Observation 2	There is no need to deploy an SUL carrier for an NR cell in CA or DC cases.
Observation 3	The need to increase PH from 6 to 7 bits impacts both Single Entry PHR MAC CE and Multiple Entry PHR MAC CE.

Proposal 1	RAN2 defines an additional new PHR MAC CE for single serving cell case to comply with
1)	The need to report PHR for SUL PUSCH and SRS scenario (e.g., the UE is able to report Type 1 PH and Type 3 PH for a serving cell with SUL carrier at the same time)
2)	The need to support the increased sizes for PH (and potentially Pc,max, pending RAN4 progress)
Proposal 2	RAN2 defines additional new PHR MAC CEs for DC and CA to comply with the increased size for PH (and potentially Pc,max, pending RAN4 progress)
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