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1 Introduction

This contribution will discuss the following two remaining issues on PHR across RAT in Rel-15 NR UL power control:

· TPC accumulation for calculating NR PHR on LTE
· Reference slot/subframe for power headroom calculation in case of EN-DC and NE-DC

The corresponding Text Proposals are provided in our companion contributions [1] and [2].
2 TPC accumulation for calculating NR PHR on LTE
RAN2 sent the following LS to RAN1 [3]:

	RAN2 has discussed and agreed to the following change to LTE PHR procedure for EN-DC:

After a PHR is triggered, if dualConnectivityPHR is configured, UE needs to report power headroom information of all activated LTE and NR serving cells.  For a NR serving cell, whether UE reports its PH value based on real transmission or reference format is determined based on UL transmissions that have been scheduled or configured until 4 ms prior to the TTI in which the PHR MAC CE is transmitted.

In addition, RAN2 has discussed and agreed to the following change to both LTE and NR PHR procedure:

For a band combination in which a UE is not capable of dynamic power sharing, the UE may omit reporting power headroom information for serving cells in the other MAC entity. 


According to the above LS, RAN1 has discussed UE behavior about NR power headroom report over LTE especially for TPC accumulation for calculating NR PHR. More specifically, when NR power headroom is reported over LTE, NR PH value has to include TPC accumulation fb,f,c(i,l). As specified in TS38.213, if a PUSCH transmission is configured by ConfiguredGrantConfig, TPC accumulation is performed until TPC commands received up to the product of a number of symbols per slot and the minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL BWP b of carrier f of serving cell c. Since the minimum of the values of k2 can be smaller than the time required for LTE processing, UE may not have enough time to prepare LTE MAC-CE carrying NR PHR. So, in case of NR PHR on LTE, NR PHR calculation should consider LTE processing time.
As the method to meet the LTE processing time line, the following alternatives were discussed in RAN1#96bis [4] but there was no consensus.
	Further discuss until RAN1#97 for NR PHR on LTE, considering the alternatives below and possible updates: 
· Alt-1: If the UE indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC, accumulation of the TPC commands for NR PHR is received up to 4 ms prior to the subframe in which the LTE power headroom report is transmitted for the following cases
· Configured PUSCH transmission in type 1 PHR.

· Semi-persistent or periodic SRS transmission in type 3 PHR.

· Alt-2: 
· The TPC accumulation, f(i,l), is allowed to include TPC commands up to any time in between the PHR trigger and min{k2} slots prior to the reference slot.

· When NR PH is provided by LTE, it is up to the UE to decide the PHR is based on a reference transmission or real transmission.




This section shows our view on the above alternatives.
Alt2 allows for UE to have the degree of freedom to accumulate TPC commands but it may cause an ambiguity between UE and eNB regarding fb,f,c(i,l), because eNB does not know until when the UE accumulates the TPC commands. It is noted that main usage of NR PHR over LTE is to avoid frequent NR dropping by adjusting LTE transmit power based on the NR PHR for a dynamic power sharing capable UE. So, if Alt2 is selected, the advantage of using NR PHR over LTE may disappear due to the ambiguity.
According to RAN2 agreement, it has been specified in TS36.321 that whether UE reports its PH value based on real transmission or reference format is determined based on UL transmissions that have been scheduled or configured until 4 ms prior to the TTI in which the PHR MAC CE is transmitted. So, Alt2 impacts RAN2 specification and it is not preferred.
Proposal 1: If the UE indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC, the UE performs TPC accumulation for NR PHR calculation until the TPC commands received up to 4ms prior to the LTE subframe (i.e., Alt1).
3 Reference slot/subframe for PH calculation
When NR power headroom is reported via LTE, it is possible that multiple NR slots overlap with a LTE subframe as shown in Figure 1. In such a case, which NR slot should be used for PHR calculation has not been specified. The simplest way is to take the first NR slot that fully overlaps with the LTE subframe. This UE behavior is consistent with the one specified for the PHR calculation in CA with different numerologies, i.e., the case where an NR slot carrying PHR with lower subcarrier spacing (SCS) overlaps with multiple NR slots with higher SCS.
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Figure 1: Illustration of the case where multiple NR slots overlap with a LTE subframe
Proposal 2: If a UE is configured with NR power headroom report over LTE, where a SCS configuration of NR slots is larger than that of LTE subframe, and if the UE provides a Type 1 power headroom report in a PUSCH transmission in a LTE subframe that overlaps with multiple NR slots, the UE provides a Type 1 power headroom report for the first PUSCH, if any, on the first slot of the multiple NR slots that fully overlaps with the LTE subframe.  
On the other hand, when LTE power headroom is reported via NR, it is possible that multiple LTE subframes overlap with an NR slot as shown in Figure 2. In such a case, which LTE subframe should be used for PHR calculation has not been specified. The simplest way is to take the first LTE subframe that overlaps with the NR slot. This UE behavior is also consistent with the one specified for the CA case with different numerologies and the UE behavior for the case shown in Figure 1.
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Figure 2: Illustration of the case where multiple LTE subframes overlap with an NR slot

Proposal 3: If a UE is configured with LTE power headroom report over NR, where a SCS configuration of the NR slot is larger than that of LTE subframe, and if the UE provides a Type 1 power headroom report in a PUSCH transmission in an NR slot that overlaps with multiple LTE subframes, the UE provides a Type 1 power headroom report for the PUSCH on the first subframe of the multiple LTE subframes that overlaps with the NR slot.
4 Conclusion

In this contribution, we have discussed possible PSFCH format for NR V2X. The following have been observed and proposed:
Proposal 1: If the UE indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC, the UE performs TPC accumulation for NR PHR calculation until the TPC commands received up to 4ms prior to the LTE subframe (i.e., Alt1).
Proposal 2: If a UE is configured with NR power headroom report over LTE, where a SCS configuration of NR slots is larger than that of LTE subframe, and if the UE provides a Type 1 power headroom report in a PUSCH transmission in a LTE subframe that overlaps with multiple NR slots, the UE provides a Type 1 power headroom report for the first PUSCH, if any, on the first slot of the multiple NR slots that fully overlaps with the LTE subframe.  
Proposal 3: If a UE is configured with LTE power headroom report over NR, where a SCS configuration of the NR slot is larger than that of LTE subframe, and if the UE provides a Type 1 power headroom report in a PUSCH transmission in an NR slot that overlaps with multiple LTE subframes, the UE provides a Type 1 power headroom report for the PUSCH on the first subframe of the multiple LTE subframes that overlaps with the NR slot.
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