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1 Introduction

This contribution discusses impacts of LBT to the current PHR functionality. Due to LBT failures, gNB may not be aware of when and for which RB allocation UE made the PH value calculation, which in consequence can lead to a wrong interpretation of a received PHR MAC CE. A solution to the identified problems is suggested. 
2 Discussion

In the reply LS from RAN1 [1] it is stated, that RAN1 confirms the identified problem with the ambiguous PHR type and that it needs to be fixed. However RAN1 further points out that the problem is not limited to the case addressed by RAN2, e.g. ambiguity of the PHR type, but that there is also the issue that gNB might not be aware of for what kind of RB allocation the PH report was generated due to LBT failures for cases when PHR MAC CE is transmitted on a CG PUSCH. RAN1 suggests that a solution is developed by RAN2.  
To quickly reiterate the two problems identified for the PHR functionality in NR-U:

· Due to LBT failures the gNB might not be aware of the time when UE generated the TB including a PHR MAC CE transmitted on a configured grant PUSCH and hence is not aware of when the PHR was calculated. There are basically two problems caused by this timing uncertainty. 
· gNB doesn’t know for which UL resource allocation, e.g. PRBs allocated in the slot for which PHR was calculated, the PH was calculated and hence may draw some wrong conclusions for the future scheduling.  
· gNB may not be aware of the reported PHR type – for cases when a serving cell is configured with two UL carries – and may hence interpret the reported PH values incorrectly which in turn may lead to future scheduling decisions negatively impacting the performance
It should be first noted that without a solution, the gNB can basically only ignore PHR reports transmitted on a CG PUSCH. This would however reduce the benefit/usefulness of the PHR functionality for NR-U in general.  

Given the late stage of Rel-16 and the RAN1 reply LS, we don’t think that a solution where UE reports together with a TB including a PHR MAC CE some timing information – e.g. informing when PHR was generated - is feasible. Such solution would require changes in the PHY signaling, e.g. AUL-UCI, or a new PHR MAC CE format, even though we acknowledge that reporting timing information would be from technical point of view the cleanest and most accurate solution. 

Instead we suggest the following UE behavior:

UE reports a virtual PHR for a serving cell for cases when the PHR MAC CE is transmitted on a configured grant on an unlicensed cell. For the case that a serving cell is configured with two UL carriers, e.g. SUL/NUL, UE reports a virtual PHR for a predefined PHR type, e.g. PHR type 1. 
Reporting a predefined/fixed PHR type for a serving cell configured with two UL carriers solves the second problem, whereas reporting a virtual PHR for the case that PHR MAC CE is transmitted on a CG PUSCH basically solves the first problem. It should be noted that even though a virtual PHR may not contain the full information as a real PHR, still gNB can benefit from a reported virtual PHR, e.g. gNB can derive path loss information from a virtual PHR. Therefore in our view the benefits of this solution outweigh the potential drawback of reporting a non-optimal PHR type. 

Proposal1: UE reports a virtual PHR for a serving cell for cases when the PHR MAC CE is transmitted on a CG PUSCH on an unlicensed cell. For the case that a serving cell is configured with two UL carriers, e.g. SUL/NUL, UE reports a virtual PHR for a predefined PHR type, e.g. PHR type 1. 

It should be noted that the same problems may also occur for cases when a configured grant PUSCH transmission is pre-empted/deprioritized due to some (later) higher priority UL grant/transmission - scheduling overlapping PUSCH resource. Therefore the same UE behavior could be also defined for I-IOT, i.e. MAC entity configured with lch-basedPrioritization.
3 Conclusion
This contribution discusses the impacts of LBT for the power headroom functionality in NR-U. It is proposed to agree on the following:
Proposal1: UE reports a virtual PHR for a serving cell for cases when the PHR MAC CE is transmitted on a CG PUSCH on an unlicensed cell. For the case that a serving cell is configured with two UL carriers, e.g. SUL/NUL, UE reports a virtual PHR for a predefined PHR type, e.g. PHR type 1. 
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