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1. Introduction
Power headroom Reporting (PHR) details were discussed in both RAN1 and RAN2 WG. RAN2 has agreed that the content of a MAC PDU (including any PHR value) will not change after it has been built. As an example, it will not change based on the outcome of LBT. And accordingly, in RAN1 #85 meeting,  it has been agreed that 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. The agreement above is based on legacy one-step UL scheduling.  

Later in RAN1 #86 meeting, RAN1 finalized the details of two-step UL scheduling. One or two-step UL scheduling is dynamically indicated by one trigger grant bit in UL grant. For two-step scheduling, the UL grant provides all the necessary scheduling information for PUSCH preparation while the 2nd trigger is to trigger and indicate the actual transmission timing. Due to different structure of two-step scheduling, the agreed PHR calculation method for one-step scheduling should be modified. 
In this contribution, the potential problem of current PHR reporting mechanism for two-step scheduling is analyzed, and several solutions are proposed. 
2. Discussion

2.1 PHR issue for two-step scheduling 
The PHR provides the serving eNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell. The PH value is based on either a real transmission or a reference format if there is no real transmission. Obviously, UE determines whether there is real transmission according to the reception of UL grant. 

In eLAA, UE may not know whether there is real transmission when UE receives the UL grant due to LBT operation. That is, UE has received the UL grant and is supposed to transmitted PUSCH in that subframe, but UE fails the LBT thus drop the transmission.  Both RAN1 and RAN2 discussed whether real or virtual PHR is reported in such case.  Considering it is infeasible for UE to generate PHR within several microsecond (including prepare MAC PDU, and PHY layer bit preparation for PUSCH) right after LBT, it is suggested to determine PHR type without the outcome of LBT. One simple way is to always use virtual PHR regardless of UL scheduling, the other way is to determine the PHR type based on the scheduling information. The latter approach provides more accurate information to eNB. Therefore, RAN1 finally adopted the latter approach. 

The agreed PHR determination works properly for legacy one-step UL scheduling. UE knows whether the transmission is to be performed (on licensed carrier) or supposed to be performed (on unlicensed carrier)  in certain subframe upon the reception of UL grant, because PUSCH transmission timing is explicitly indicated and determined by UL grant. 

However, with two-step scheduling, UL grant includes all necessary scheduling information except the actual transmission timing. UE knows the PUSCH transmission timing until UE receives 2nd trigger. Then, the question is, whether UE should determine the PHR type based on UL grant or 2nd trigger for two-step scheduling. Besides, the two-step scheduling and one-step scheduling is dynamically switched by eNB with one trigger bit in UL grant. The another question is whether UE should determine the PHR type with only regarding to one scheduling mechanism, such as one-step scheduling, or UE should consider both of these two scheduling mechanism. 

2.2 Possible solutions
It seems quite simple to only consider one-step scheduling for PHR calculation. UE “ignores” grant (either UL grant or
2nd trigger) from two-step scheduling for PHR calculation. That is, real PHR format is used if the received UL grant from one-step scheduling indicates PUSCH transmission in PHR report subframe, otherwise, virtual PHR format is used. So, as show in Figure 1, when eNB happens to use two-step scheduling when PHR is triggering, virtual PHR is reported.  

Considering the two-step scheduling is more frequently used to take advantage of shared MCOT, it is likely virtual PHR is always reported.  It may be argued that eNB could smartly choose one-step scheduling to obtain real PHR report from UE. However, it is noted that eNB may be not aware when PHR is triggering, e.g., PHR is triggered due to the variation of Pathloss or power backoff  at UE side, then eNB cannot specifically switch to one-step scheduling to facilitate real PHR report. Hence, the PHR type is uncontrollable by eNB. Consequently, the UL scheduling efficiency would be reduced due to inaccurate power information by ignoring grant from two-step scheduling.  

Option1: To determine the PHR type based on UL grant from one-step scheduling without the regard of any grant from two-step scheduling.
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Figure 1
Now that RAN1 agreed to use real PHR format according to the scheduling without the outcome of LBT to obtain more useful power information based on scheduling information, it is natural to follow the same logic for two-step scheduling. 

There’re two possible approaches to utilize the scheduling information for PHR calculation. 
One approach is to determine PHR type by UL grant for two step scheduling. Although the actual transmission time is not indicated by UL grant, all necessary scheduling information for real PHR calcualtion is included in UL grant. And the scheduling mechanism, one or two-step scheduling is also indicated in UL grant. Therefore, it is easy for UE to calculate PHR according to scheduling mechanism and scheduling information upon the reception of UL grant. That is, if the received UL grant is for two-step scheduling, real PHR format is used though the scheduled PUSCH may not be transmitted in PHR report subframe, while if the received UL grant is for one-step scheduling, real or virtual PHR depends on whether or not the scheduled PUSCH is in PHR reporting subframe. If both UL grant from one-step and two-step scheduling is received and the PUSCH scheduled by one-step scheduling is not in PHR reporting subframe, real PHR should be based on UL grant from two-step scheduling. Figure 2 shows an exmaple. Moreover, when UE receives multiple pending UL grant from two-step scheduling (i.e. UL grant for which no 2nd trigger has been received) , the rule should be defined which UL grant is used to generate real PHR, e.g., 1st received UL grant.  
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Figure 2

Option2: To determine the PHR type based on UL grant from one-step scheduling and UL grant from two-step scheduling. 
The other approach is to determine PHR type according to the 2nd trigger, because UE knows whether PUSCH is supposed to be transmitted in  PHR report subframe upon the reception of 2nd trigger. 

However, when the latency between 2nd trigger and PUSCH transmission is less than 4ms, it would be quite difficult to generate PHR right after the detection of 2nd trigger due to limited UE processing capability. As shown in Figure 3, PHR is triggered in subframe n, eNB transmits UL grant in subframe n+1 on licensed cell to schedule PUSCH transmission on licensed cell in subframe n+5, which includes PHR. At the same time, eNB transmits 2nd trigger in subframe n+3 on unlicensed cell to schedule PUSCH transmission on unlicensed cell in subframe n+5. Usually, UE begins PUSCH preparation including PHR right after the decoding of UL grant received in subframe n+1. But in this example, if PHR type is based on 2nd trigger, UE has to calculate PHR after subframe n+3 and should finish PUSCH encoding including PHR within 1ms. It would be infeasible for UEs with limited processing capability.
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Figure 3
One possible way is UE prepares both real PHR report based on UL grant and virtual PHR report. UE transmit the corresponding PHR after receiving 2nd trigger. Alternatively, UE “ignores” 2nd trigger when the latency between 2nd trigger and PUSCH is less than Zms, where Z could be pre-defined such as 4ms or could be UE capability. Currently, the latency varies from 1 to 9 ms depending on the UE-specific offset X for TDM UE multiplexing and the cell-specific UL burst starting position Y. For the latency from Z to 9 ms, UE  has enough time for PHR generation and PUSCH bit preparation after PHR triggering. Then, real PHR is reported. 
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Figure 4
Option3: To determine the PHR type based on UL grant from one-step scheduling and 2nd trigger from two-step scheduling if the latency between 2nd trigger and PUSCH no smaller than 4ms
Considering more accurate power information can be provided by real PHR format, it is beneficial to adopt option 2 or option 3 which enables real PHR report for two-step scheduling. 
Proposal: Either option 2 or option 3 should be used for PHR report. 
3. Conclusion
Three options for PHR calculation are discussed above. Considering accurate power information is beneficial for efficient UL scheduling, option 2 or option 3 which enables real PHR report for two-step scheduling is preferred. 
Proposal:  
Either option 2 or option 3 should be used for PHR report. 
Option2: To determine the PHR type based on UL grant from one-step scheduling and UL grant from two-step scheduling. 

Option3: To determine the PHR type based on UL grant from one-step scheduling and 2nd trigger from two-step scheduling if the latency between 2nd trigger and PUSCH no smaller than 4ms.
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