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For NR-U network, the PHR transmission from a UE to its serving gNB is impacted by the LBT results. How the LBT failure impacts the PHR handling in NR-U network is still left open in RAN2. This paper analyses the impact of LBT failure on PHR handling procedure and the possible PHR enhancements.
 Discussion 
In the following, we briefly introduce the Rel-15 PHR handling procedure (i.e. the PHR handling procedure after PHR is triggered) and the system performance impact if Rel-15 PHR handling procedure is reused in NR-U network. Then we discuss the possible PHR handling enhancements for NR-U.
Discussion of Rel-15 PHR procedure
According to Rel-15 procedure, when PHR is triggered, the UE MAC entity should generate the PHR MAC CE, pack the PHR MAC CE in a MAC PDU and transmit the MAC PDU. Afterwards, the UE MAC entity starts/restarts the phr-PeriodicTimer and phr-ProhibitTimer, and cancels all triggered PHRs. The relevant specification is copied below for reference:
“If the MAC entity has UL resources allocated for a new transmission the MAC entity shall:
1>	if it is the first UL resource allocated for a new transmission since the last MAC reset:
2>	start phr-PeriodicTimer;
1>	if the Power Headroom reporting procedure determines that at least one PHR has been triggered and not cancelled; and
1>	if the allocated UL resources can accommodate the MAC CE for PHR which the MAC entity is configured to transmit, plus its subheader, as a result of LCP as defined in clause 5.4.3.1:
2>	if multiplePHR with value true is configured:
3>	for each activated Serving Cell with configured uplink associated with any MAC entity:
4>	obtain the value of the Type 1 or Type 3 power headroom for the corresponding uplink carrier as specified in clause 7.7 of TS 38.213 [6];
4>	if this MAC entity has UL resources allocated for transmission on this Serving Cell; or
4>	if the other MAC entity, if configured, has UL resources allocated for transmission on this Serving Cell and phr-ModeOtherCG is set to real by upper layers:
5>	obtain the value for the corresponding PCMAX,f,c field from the physical layer.
3>	if phr-Type2OtherCell with value true is configured:
4>	if the other MAC entity is E-UTRA MAC entity:
5>	obtain the value of the Type 2 power headroom for the SpCell of the other MAC entity (i.e. E-UTRA MAC entity);
5>	if phr-ModeOtherCG is set to real by upper layers:
6>	obtain the value for the corresponding PCMAX,f,c field for the SpCell of the other MAC entity (i.e. E-UTRA MAC entity) from the physical layer.
3>	instruct the Multiplexing and Assembly procedure to generate and transmit the Multiple Entry PHR MAC CE as defined in clause 6.1.3.9 based on the values reported by the physical layer.
2>	else (i.e. Single Entry PHR format is used):
3>	obtain the value of the Type 1 power headroom from the physical layer for the corresponding uplink carrier of the PCell;
3>	obtain the value for the corresponding PCMAX,f,c field from the physical layer;
3>	instruct the Multiplexing and Assembly procedure to generate and transmit the Single Entry PHR MAC CE as defined in clause 6.1.3.8 based on the values reported by the physical layer.
2>	start or restart phr-PeriodicTimer;
2>	start or restart phr-ProhibitTimer;
2>	cancel all triggered PHR(s).”
For licensed operation, once a PHR MAC CE is generated and packed into a MAC PDU carried by a PUSCH, the PUSCH can always be transmitted since the allocated resources are available. This procedure works well for licensed operation.
For unlicensed operation, once a PHR MAC CE is generated and packed into a MAC PDU to be carried by a PUSCH, the UE should further determine the availability of the allocated resources for the PUSCH based on the LBT procedure first. If the LBT succeeds, the allocated resources are determined to be available and the MAC PDU carrying the PHR MAC CE is transmitted using the allocated resources. If the LBT fails, the allocated resources are determined to be unavailable and the MAC PDU carrying the PHR MAC CE will not be transmitted. One option is to retransmit the MAC PDU using later UL grants. But this requires all the parameters (rank, RVI, MCS, time-frequency resources) of a later UL grant are aligned with that of the previous UL grant for which the MAC PDU is created, which could not be always guaranteed due to link adaption. 
Observation 1: When PHR is triggered, the PHR MAC CE may fail to be transmitted in Uu interface due to LBT failure.
According to the above Rel-15 specification part with respect to PHR generation and transmission, the start/restart of phr-PeriodicTimer / phr-ProhibitTimer and PHR cancellation depend only on whether the allocated UL resources are enough to accommodate the PHR MAC CE according to the multiplexing procedure based on LCP regardless of the PHR MAC CE is transmitted in air interface or not. That is, even if the MAC PDU comprising the PHR MAC CE is not actually transmitted in Uu interface, the PHR may be cancelled according to Rel-15 PHR handling procedure.
[bookmark: _GoBack]Observation 2：If Rel-15 PHR handling is reused, the PHR may be cancelled even when the generated PHR MAC CE is not actually transmitted in Uu interface.
System performance upon PHR loss
If the PHR is triggered but the PHR is not received by the gNB due to LBT failure, the gNB has to use the outdated PHR during the uplink scheduling. This will result in sub-optimal UL grant selection for the UE. If a too large UL grant is assigned to the UE, power scaling has to be performed by the UE and the transmission will suffer high decoding error probability, while if too small grant is assigned to the UE, the user experience is degraded when the UE has still power left. When decoding error occurs, HARQ retransmission is needed and additional LBT is needed for the HARQ retransmission, which means additional LBTs and/or UL grant transmissions.  
Observation 3: When PHR MAC CE is not received, the gNB has to rely on the outdated PHR for uplink scheduling, which results in uplink performance loss of the system/UE.
When the network has high traffic load, LBT failure may occur frequently due to low channel availability. In this case, that PHR loss probability may be high and the gNB may have to frequently rely on the outdated PHR during uplink scheduling. This further means that the spectrum efficiency is even lowered when the system has high load.
Observation 4：With higher traffic load, the PHR loss rate is higher due to higher LBT failure probability, which means worse uplink link adaptation performance with higher traffic load.
Solutions
Based on the above discussion, one can conclude that it is meaningful to ensure the successful transmission of PHR in Uu interface when the PHR is triggered. We have the following proposals:
Proposal 1: When a LBT success for a PUSCH carrying PHR MAC CE is received, MAC entity starts/restarts of phr-PeriodicTimer / phr-ProhibitTimer and cancels the triggered PHRs. 
Proposal 2: The MAC entity can generate PHR MAC CEs respectively for multiple MAC PDUs before a LBT success is received for a PUSCH carrying PHR.

Conclusions
Based on the above discussions, we have the following observations：
Observation 1: When PHR is triggered, the PHR MAC CE may fail to be transmitted in Uu interface due to LBT failure.
Observation 2：If Rel-15 PHR handling is reused, the PHR may be cancelled even when the generated PHR MAC CE is not actually transmitted in Uu interface.
Observation 3: When PHR MAC CE is not received, the gNB has to rely on the outdated PHR for uplink scheduling, which results in uplink performance loss of the system/UE.
Observation 4：With higher traffic load, the PHR loss rate is higher due to higher LBT failure probability, which means worse uplink link adaptation performance with higher traffic load.
Based on the analysis given above, we have the following proposals：
Proposal 1: When a LBT success for a PUSCH carrying PHR MAC CE is received, MAC entity starts/restarts of phr-PeriodicTimer / phr-ProhibitTimer and cancels the triggered PHRs. 
Proposal 2: The MAC entity can generate PHRs respectively for multiple MAC PDUs before a LBT success is received for a PUSCH carrying PHR.

	
