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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]A LS has been received from RAN2 on PHR procedure in EN-DC in [1]. Following aspects were stated
RAN2 has discussed and agreed to the following change to LTE PHR procedure for EN-DC:
[bookmark: OLE_LINK8][bookmark: _Hlk530061386]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. 
In this contribution, we discuss the impact from RAN1 perspective considering above PHR procedure for EN-DC. 
Discussion
[bookmark: OLE_LINK48]PHR calculation for a UE capable of dynamic power sharing in EN-DC
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK47]The above RAN2 agreement has been captured in TS 36.321. Furthermore, in the agreed CR [2] for TS 38.321, for a band combination in which the UE does not support dynamic power sharing, the UE may omit the octets containing Power Headroom field and PCMAX,c field for serving cells in LTE MAC entity except for LTE PCell and the reported values of PH and PCMAX,c for the PCell are up to UE implementation. Similarly, as agreed in [3] for TS 36.321, for a band combination in which the UE does not support dynamic power sharing, the UE may omit the octets containing Power Headroom field and PCMAX,c field for serving cells in NR MAC entity. 
One possible usage of cross-RAT PHR (i.e. NR PHR via LTE PUSCH and LTE PHR via NR PUSCH) is to avoid frequently NR dropping by adjusting LTE or NR transmit power based on the PHR for serving cells in the other MAC entity, because NR UL transmission is not required to transmit when power scaling of NR UL transmission is more than XSCALE, as specified in section 7.6.1 of TS 38.213, if the UE indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC.
Observation 1: NR PHR via LTE and LTE PHR via NR can be used to adjust transmit power of LTE or NR transmission to avoid frequently dropping of NR transmission for dynamic power sharing in EN-DC.





[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11]When NR PHR is reported in LTE MAC CE, TPC accumulation is needed for calculating NR PHR. In section 7.7.1 of TS 38.213, for DCI scheduled PUSCH transmission,  is the accumulation of TPC commands received up to the last symbol of the scheduling DCI; for configured PUSCH transmission,  is the accumulation of TPC commands received up to the product of a number of symbols per slot and the minimum of k2 values, which is provided in PUSCH-ConfigCommon for active UL BWP  of carrier  of serving cell . Since the minimum of k2values can typically be much smaller than LTE processing timeline, there may be no enough LTE processing time to prepare LTE PUSCH transmission carrying PHR. 
Observation 2: When NR PHR is reported in LTE for a UE capable of dynamic power sharing in EN-DC, there may be not enough LTE processing time when NR PHR for configured PUSCH transmission is calculated with NR k2 for TPC accumulation.
For NR PHR via LTE, NR PHR calculation should consider LTE processing time. In this case, the UE timing for TPC accumulation should be clarified for configured PUSCH transmission. To meet the LTE processing timeline, for NR type1 PHR, the timing for the accumulation of the TPC commands should be  received up to 4 ms prior to the subframe in which the LTE power headroom report is transmitted. Similarly, it is also applicable to type3 PHR calculation when SRS transmission is semi-persistent or periodic.
[bookmark: OLE_LINK7]Proposal 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.

PHR calculation issue for intra-band EN-DC
In case of intra-band EN-DC for a UE supporting dynamic power sharing, its NR PCMAX, which will be included in real PHR for NR SCG, shall take into account additional maximum output power reduction (A-MPR). For example, A-MPR is defined for intra-band contiguous EN-DC by following formulas [5]:
A-MPRDC = CEIL{ MA,DC (A), 0.5}
where

with LCRB and NRB the number of allocated PRB and transmission bandwidth for MCG and SCG. It requires additional timeline burden for the UE because the calculation of NR PCMAX cannot start until LCRB,LTE is received from UE LTE modem. Such additional burden is not applied to the case of inter-band EN-DC because the only calculation which relies on the reception of LTE scheduling information or power allocation information is NR power scaling factor but it is not included in NR PHR. It is preferred that the same timeline burden for NR PHR over LTE is applied to both inter-band EN-DC and intra-band EN-DC, otherwise different UE implementation for two kinds of EN-DC may be required. Therefore, a predefined value for the number of allocated LTE PRBs LCRB, LTE should be assumed for NR real PHR. A simple assumption is that LCRB, LTE =1, which is the same assumption in RAN4 when NR modem is not aware of LTE scheduling information.
Proposal 2: If a UE indicates a capability for dynamic power sharing between E-UTRA and NR for intra-band EN-DC, and its NR real PHR is reported over LTE, 1 allocated LTE PRB (LCRB, LTE =1) is assumed in A-MPR calculation for the NR real PHR.

[bookmark: OLE_LINK12]Reference slot for different numerologies between LTE and NR



As specified in section 7.7.1 of TS 38.213, when UE is configured with multiple cells for PUSCH transmission and PUSCH transmission on serving cell  overlaps with multiple slots on serving cell , PHR for the first slot of the multiple slots that fully overlaps with  PUSCH on serving cell  is provided. Similarly, the same mechanism can be applied to the case of different numerologies between NR slot and LTE subframe that carries the PHR of EN-DC, i.e. the PHR of the first slot of an active UL NR cell that fully overlaps with corresponding LTE subframe is reported.
[bookmark: OLE_LINK13][bookmark: OLE_LINK3]Proposal 3: When NR slots have different numerologies from LTE subframe that carries the PHR, UE provides the first NR slot that fully overlaps with the LTE subframe.
Based on above analysis, a companion CR [4] is also submitted.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discuss the UE processing timeline from RAN1 perspective for PHR procedure for a UE capable of dynamic power sharing in EN-DC. Based on above analysis, following proposals are given.
Observation 1: NR PHR via LTE and LTE PHR via NR can be used to adjust transmit power of LTE or NR transmission to avoid frequently dropping of NR transmission for dynamic power sharing in EN-DC.
Observation 2: When NR PHR is reported in LTE for a UE capable of dynamic power sharing in EN-DC, there may be not enough LTE processing time when NR PHR for configured PUSCH transmission is calculated with NR k2 for TPC accumulation.
Proposal 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.
Proposal 2: If a UE indicates a capability for dynamic power sharing between E-UTRA and NR for intra-band EN-DC, and its NR real PHR is reported over LTE, 1 allocated LTE PRB (LCRB, LTE =1) is assumed in A-MPR calculation for the NR real PHR.
Proposal 3: When NR slots have different numerologies from LTE subframe that carries the PHR, UE provides the first NR slot that fully overlaps with the LTE subframe.
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