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1 Introduction

In [1], RAN2 sends RAN1 an LS on their conclusions on supporting PHR for two-stage scheduling:


RAN2 has discussed the MAC handling for 2-stage scheduling. RAN2 concluded that MAC will generate a MAC PDU, including any MAC CEs upon receiving the first UL grant and submit this to lower layers. In this case, if PHR MAC CE is to be included in the MAC PDU, RAN2 agrees that PHY shall provide the PH value before completing MAC PDU construction.
Furthermore, RAN2 respectfully asks RAN1 to take the above information into account. In this contribution we discuss the aspects related to the actions given to RAN1.
2 Discussions
In this section, how to prepare the PH value reported via unlicensed carrier for 2-stage scheduling is discussed.

In legacy system, the PHR is reported always with the latest PH information for the scheduled subframe, i.e. the UE has to learn about the scheduled subframe for the corresponding UL transmission when generating a PHR MAC CE. According to the information of the scheduled subframe, UE can determine whether the reported PH value for each activated cell in this scheduled subframe is based on either a real transmission or a reference format. From this aspect, the subframe for calculation of PHR is the scheduled subframe. One example is depicted in Figure 1, where three activated cells are assumed. In Figure 1, after PHR is triggered, there are scheduled UL transmission for CC1 and CC3. Therefore the PHR reported in subframe n+4 over CC1 includes the real PHR for CC1 and CC3 based on the real UL transmission and virtual PHR for CC2 based on a reference format. 
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Figure 1. PHR reporting in legacy system
Observation 1: for legacy system, the subframe for calculation of PHR is the scheduled subframe.

It was agreed that in eLAA, 

· PHR for a subframe shall be calculated based on the scheduled uplink transmissions in LAA SCells regardless of whether the actual transmission is performed or not performed
Thus the LBT result would not be taken into account of the PHR calculation. For single stage scheduling, the legacy PHR procedure still applies.
However for two-stage scheduling, the scheduled subframe is indicated by the first UL grant and triggered grant together. That is UE has no prior information about the location of the scheduled subframe upon receiving the first UL grant. Furthermore, considering the agreements achieved in RAN2, i.e., UE begins to generate PHR MAC CE upon receiving the first UL grant since the time between the trigger grant and the scheduled subframe is not sufficient to prepare the PHR MAC CE, how to define the subframe for calculation of PHR for two-stage scheduling should be considered. Two options are analyzed as follows.
· Option 1: the subframe for calculation of PHR for two-stage scheduling is still the scheduled subframe, although the actual transmission timing is uncertain.
By this option, UE can calculate PHR value for the cell which contains the two-stage scheduled subframe upon receiving the first UL grant. However since the location of the scheduled subframe is unknown until trigger grant is received, when UE begins to generate PHR MAC CE, UE can not know whether there is concurrent scheduled PUSCH over other activated cells or not. Therefore UE could only use virtual PHR for other activated cells. Obviously this does not provide sufficient power headroom information for eNB.
· Option 2: the subframe for calculation of PHR for two-stage scheduling is a reference subframe. 
By this option, the calculation of reported PHR is based on one reference subframe. For example, the reference subframe can be the subframe which is 4ms after the subframe when the first UL grant was received, which is the same as the legacy timing. By doing so, real PHR for the activated cells which has scheduled PUSCH in the reference subframe can be reported. Compared to Option 1, this would provide more accurate PHR information to eNB and benefit the efficient UL scheduling.  
Observation 2: for two-stage scheduling, if the subframe for calculation of PHR is based on a reference subframe, more accurate PHR information can be provided to eNB.

Proposal 1: For two-stage scheduling, the subframe for calculation of PHR is based on a reference subframe, i.e. 4 ms after the subframe when the first UL grant was received.

According to the above analysis, a draft LS to RAN2 has been prepared in [2] to inform RAN2 about the consideration on the reference subframe for PHR calculation.
3 Conclusion
In this contribution, how to calculate PHR for 2-stage scheduling can be considered. According to the above analysis, some observations and proposal are achieved. 
Observation 1: for legacy system, the subframe for calculation of PHR is the scheduled subframe.

Observation 2: for two-stage scheduling, if the subframe for calculation of PHR is based on a reference subframe, more accurate PHR information can be provided to eNB.

Proposal 1: For two-stage scheduling, the subframe for calculation of PHR is based on a reference subframe, i.e. 4 ms after the subframe when the first UL grant was received.
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