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Introduction
In this contribution, which is a resubmission of [1], we will give our view on power headroom reporting. 
Beam specific power control
It has been agreed that NR supports beam specific power control and we give our view on what that implies in [2]. Furthermore, the introduction of beam specific power control will result in that the PHR framework needs to be adapted accordingly. Although PHR, in principle, could be used in the scheduling when choosing which beam to use for PUSCH transmission this is not a typical use case. The purpose of PHR is rather to assist the scheduling for allocating a suitable bandwidth and MCS for a given UE and beam. Hence, the typical use case, when operating with beam specific PC, would be a situation where the scheduler 
1) chooses which beam to use based on SRS transmission, and then
2) uses this beam and adopts bandwidth and MCS based on the PHR.
Thus, the PHR is mainly intended for the second step in this procedure. Regarding PHR for beam specific power control there are two natural design solutions: 
a) one PHR per beam, or 
b) [bookmark: _Hlk490041134]PHR corresponds to the beam currently/last used for PUSCH 
and we will discuss these two alternatives in the following subsections. 
One PHR per beam 

In the case that PHR would be reported per beam the UE would generate PHR for beams not currently used for PUSCH. This implies that the allocated bandwidth M is zero in these beams and the PHR may for instance be derived as. We note that the PHR for such an unused beam will depend on the closed loop power control and hence which TPCs that has been transmitted. It has not yet been decided whether the closed loop PC is common for all beams or if it is beam specific but either way it can be expected that for a beam that has not been used for PUSCH for a long time the values corresponding to the closed loop power control may be outdated, in particular if the accumulated version of fc(i) is in use. Hence, we can expect that the PHR for beams that have not been used for PUSCH for some time will be less accurate than the PHR for the beam that is recently/currently used. 
[bookmark: _Toc492459399]If deciding on one PHR per beam the PHR corresponding to a beam not being used for PUSCH can be expected to be less accurate than the PHR for the beam currently used. 
Furthermore, the main use case for utilizing these reports would be in the case that we switch beam for PUSCH; in this case the scheduler would be able to use the multiple PHRs for deciding on a new bandwidth allocation as well as MCS for the new beam. Although there, in principle, could be some gain in this it appears to be limited. 
[bookmark: _Toc492459400]The gain obtained from obtaining one PHR per beam appears to be limited. 
[bookmark: _Hlk490041247][bookmark: _Hlk490041366]PHR corresponds to the beam currently/last used for PUSCH 
In the case that one instead let the PHR correspond to the beam currently/last used for PUSCH the framework would be very similar to LTE. Based on the arguing in the previous section we make the following observations: 
[bookmark: _Toc492459401]If deciding on that PHR corresponds to the beam currently/last used for PUSCH the received PHR will be accurate since the closed loop part will be up to date. 
[bookmark: _Toc492459402]If deciding on that PHR corresponds to the beam currently/last used for PUSCH a potential limited performance loss may occur when switching beam due to that the scheduler has less information to decide on bandwidth and MCS for the new beam. 
Triggers
In LTE, the following conditions are defined to trigger a PHR
	-	prohibitPHR-Timer expires or has expired and the path loss has changed more than dl-PathlossChange dB for at least one activated Serving Cell of any MAC entity which is used as a pathloss reference since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;
-	periodicPHR-Timer expires;
-	upon configuration or reconfiguration of the power headroom reporting functionality by upper layers, which is not used to disable the function;
-	activation of an SCell of any MAC entity with configured uplink;
-	addition of the PSCell;
-	prohibitPHR-Timer expires or has expired, when the MAC entity has UL resources for new transmission, and the following is true in this TTI for any of the activated Serving Cells of any MAC entity with configured uplink: 
-	there are UL resources allocated for transmission or there is a PUCCH transmission on this cell, and the required power backoff due to power management (as allowed by P-MPRc) for this cell has changed more than dl-PathlossChange dB since the last transmission of a PHR when the MAC entity had UL resources allocated for transmission or PUCCH transmission on this cell.



In case we would apply this to the option to have	the PHR corresponding to the beam currently/last used for PUSCH it would imply that in case of a beam switch one would derive the change in pathloss as a difference between the path loss in the new and the old beam. This appears quite beneficial since the condition on dl-PathlossChange dB would 
i. not generate a PHR if we switch between two similar beams. Hence this would be an implicit indication that the change, in terms of path loss, was limited despite the beam switch. 
ii. generate a PHR in the case that we switch between two very different beams, for instance in the case of blocking. This would hence indicate that there has been a large change, in terms of path loss, and the scheduler needs to adopt accordingly. 
[bookmark: _Toc492459403]Using the triggering conditions from LTE would result in relevant PHRs given that the PHR corresponds to the beam currently/last used for PUSCH  
For the case of PHR per beam we would essentially obtain similar information as described above. However, here it should be noted that if we for instance are monitoring 4 beams there are 4 measurements on dl-PathlossChange that may generate a report. Hence, there will be a number of PHRs corresponding to fairly redundant information like in the case that the 4rt best beam has changed it pathloss. This information will be of limited use for the scheduler. This could potentially be solved by introducing beam specific trigger conditions but we do not see a need for that. 
[bookmark: _Toc492459404]Using the triggering conditions from LTE would generate redundant PHRs in the case of one PHR per beam.
Summary
To summarize the above discussion there may be a small performance gain with PHR per beam but it will also come with a cost in terms of redundant signalling of PHRs not useful for the scheduler. Therefore, we have the following proposals:
[bookmark: _Toc490054464][bookmark: _Toc490057502][bookmark: _Toc490114437][bookmark: _Toc490214347][bookmark: _Toc492459405]In NR for beam specific power control PHR corresponds to the beam currently/last used for PUSCH 
[bookmark: _Toc490054465][bookmark: _Toc490057503][bookmark: _Toc490114438][bookmark: _Toc490214348][bookmark: _Toc492459406]Given that the PHR corresponds to the beam currently/last used for PUSCH the PHR triggering conditions from LTE are reused in NR
Conclusions
In this contribution, we made the following observations:
Observation 1	If deciding on one PHR per beam the PHR corresponding to a beam not being used for PUSCH can be expected to be less accurate than the PHR for the beam currently used.
Observation 2	The gain obtained from obtaining one PHR per beam appears to be limited.
Observation 3	If deciding on that PHR corresponds to the beam currently/last used for PUSCH the received PHR will be accurate since the closed loop part will be up to date.
Observation 4	If deciding on that PHR corresponds to the beam currently/last used for PUSCH a potential limited performance loss may occur when switching beam due to that the scheduler has less information to decide on bandwidth and MCS for the new beam.
Observation 5	Using the triggering conditions from LTE would result in relevant PHRs given that the PHR corresponds to the beam currently/last used for PUSCH
Observation 6	Using the triggering conditions from LTE would generate redundant PHRs in the case of one PHR per beam.

Based on the discussion in this contribution we propose the following:
Proposal 1	In NR for beam specific power control PHR corresponds to the beam currently/last used for PUSCH
Proposal 2	Given that the PHR corresponds to the beam currently/last used for PUSCH the PHR triggering conditions from LTE are reused in NR
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