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Introduction
RAN1 has made substantial progress concerning UE uplink power control. This contribution describes the potential RAN2 impact regarding RAN1 agreements.
[bookmark: _Ref178064866]Discussion
General aspects
At RAN1#90, the following agreements on power sharing mechanisms for LTE-NR DC 
At least for LTE-NR NSA operation
· Maximum allowed power values for LTE (P_LTE) and NR (P_NR) are set separately
· i.e., when UE is configured for NR, P_LTE can be configured up to P_cmax and  P_NR can be configured up to P_cmax. 
· e.g. P_LTE + P_NR > P_cmax or P_LTE + P_NR = P_cmax
· Signaling details for P_LTE, P_NR are left to RAN2, RAN4.
· Note: ‘P_cmax’ is a limit that is similar to ‘The configured maximum UE output power’ that was specified for LTE.
· Note: The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation
· All UEs are mandated to handle P_LTE + P_NR = P_cmax while handling of P_LTE + P_NR > P_cmax depends on UE capability
· At least, when DL/UL LTE sTTI/reduced UE processing time based operation is not configured for the UE, if total transmit power exceeds P_cmax when there is simultaneous NR and LTE UL tx, 
· For NR, UE scales down/drops NR transmission and NR power scaling details are left to UE implementation (note: it is not intended to have RAN4 test from RAN1 perspective)
· If there are two or more UL carriers, the power scaling or tx dropping can be performed for each of the UL carriers separately or jointly up to UE implementation
· For LTE, no change in power control procedure
· FFS the case when DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE
· The following is FFS
· The case when P_NR is configured such that P_NR < P_cmax, and UE can use power up to P_cmax in NR when it knows that there will be no UL transmission in LTE by semi-static configuration (e.g., measurement gap, DL/UL configuration)
According to above agreements, the two power control modes (i.e., power control Mode 1 and Mode 2) in LTE-LTE DC are not applied for LTE-NR DC in Rel-15 considering implementation and standardization complexity (e.g. [2]). Instead, the two new parameters P_LTE and P_NR are added to define the maximum allowed power values for LTE-NR DC. The p-MeNB, p-SeNB parameters used for LTE-LTE DC are defined as ‘guaranteed power’, while P_LTE and P_NR in current agreement are maximum allowed power values. Since they are not exactly same, therefore the LTE-LTE DC power control parameters cannot be reused for LTE-NR DC. 
[bookmark: _Toc489873633][bookmark: _Toc489988168][bookmark: _Toc490048808][bookmark: _Toc490217813][bookmark: _Toc494178896][bookmark: _Toc494270891][bookmark: _Toc494357696][bookmark: _Toc494399608]Two power control modes used for LTE DC is not supported for LTE-NR DC in Rel-15.
It is reasonable to introduce new parameters in RRC for P_LTE and P_NR. This is also motivated by an incoming RAN1 LS R1-1715313.
[bookmark: _Toc494270885][bookmark: _Toc494271188][bookmark: _Toc494271590][bookmark: _Toc494412240]The RRC defines new parameters to support power sharing between LTE leg and NR leg via P_LTE and P_NR as current RAN1 agreement. 
At RAN1#90, the agreements on uplink power control framework were made as below:
· For open-loop power control parameters for PUSCH for a UE, 
· gNB configures one or multiple P0 values 
· e.g., for specific combination(s) of one or more beam(s), waveform (if agreed) and service type (if agreed)
· gNB can configure one or multiple alpha values
· FFS the case of closed-loop power control 
· FFS how to handle reconfiguration of open-loop power control parameters for PUSCH for a UE, e.g., reset or not reset closed-loop power control
There are also some further agreements regarding power back-off when UL waveform changes. 
· It is up to RAN4 to discuss how to support any power back-off needed for CP-OFDM transmission compared with DFT-S-OFDM transmission
· E.g., specification of fixed power back-off, specification of power back-off as MPR
Change of waveform
Regarding the waveform change, our understanding is that the change of waveform is more transparent to UE MAC, since the UE can support a power back-off when UE’s waveform changes from DFT-S-OFDM to CP-OFDM. This is more like a UE behaviour when the PUSCH transmission changes to a different modulation mechanism.  Therefore, we don’t expect the change of waveform impose any impact on the MAC.
[bookmark: _Toc494270886][bookmark: _Toc494271189][bookmark: _Toc494271591][bookmark: _Toc494412241]The MAC entity does not include functionality related to the change of waveform. 
Service type specific power control
Regarding the service type specific power control, i.e., different services (strictly speaking, different logical channels) may use different power control settings (including P0 and alpha value), the relevant discussions are still on-going in RAN1. We believe it is beneficial to apply a different power control configuration for URLLC like traffic compared to that for eMBB as it is a way to increase reliability without adding e.g. latency. The MAC and PHY should be service type agnostic from the design perspective. Therefore, it is sufficient for the UE MAC to inform the PHY of the LCH ID if the service type specific power control is agreed by RAN1.  
[bookmark: _Toc494270887][bookmark: _Toc494271190][bookmark: _Toc494271592][bookmark: _Toc494412242]If "service specific power control" is agreed in RAN1, then upon transmission of a MAC PDU on UL-SCH, the MAC entity signals the logical channel ID(s) of the MAC PDU to PHY. 
Beam specific power control
A UE may be connected to multi-beams for enhanced bit rate or improved transmission reliability. RAN1 has already agreed that NR supports beam specific power control. The exact details on what this means are yet to be agreed upon but it is clear that it at least implies that the UE will maintain one path loss estimation per beam and it will be up to the gNB, or alternatively gNB and UE jointly, to define the set of monitored beams. The network will use one of these beams for PUSCH transmission and it will also decide when to change to another beam upon reception of UE measurements. 
We think it is sufficient for the MAC entity to report a PHR for the beam used for PUSCH transmission with respect to beam specific power control.  One may argue that it would be better for the MAC entity to provide PHRs for every beam including those not used for PUSCH transmission. However, this additional information from non-used beams may be of limited use since the main purpose of PHR is to adopt the link adaptation for PUSCH transmission. At the same time, it may lead to unnecessary PHR overhead. Also considering the fact that multiple TRP transmission is down-prioritized in Rel-15, where it may be beneficial for the UE MAC to provide multiple PHRs within a serving cell, there is no need to standardize this now. As a summary, we don’t see the impact on the MAC entity due to beam-specific power control in Rel-15.
[bookmark: _Toc489306319][bookmark: _Toc487550690][bookmark: _Toc488074729][bookmark: _Toc488074730][bookmark: _Toc489306321][bookmark: _Toc488074657][bookmark: _Toc484770762][bookmark: _Toc484784213][bookmark: _Toc484784238][bookmark: _Toc485400306][bookmark: _Toc489991858][bookmark: _Toc490145280][bookmark: _Toc490220094][bookmark: _Toc492477810][bookmark: _Toc494270888][bookmark: _Toc481072085][bookmark: _Toc481151177][bookmark: _Toc481676833][bookmark: _Toc481739461][bookmark: _Toc481866126][bookmark: _Toc485280721][bookmark: _Toc485303681][bookmark: _Toc485382276][bookmark: _Toc494271191][bookmark: _Toc494271593][bookmark: _Toc494412243]The MAC entity does not include functionality related to beam specific power control in Rel-15.
[bookmark: OLE_LINK100]Conclusion
In section 2 we made the following observations:
Observation 1	Two power control modes used for LTE DC is not supported for LTE-NR DC in Rel-15.

Based on the discussion in section 2 we propose the following:
Proposal 1	The RRC defines new parameters to support power sharing between LTE leg and NR leg via P_LTE and P_NR as current RAN1 agreement.
Proposal 2	The MAC entity does not include functionality related to the change of waveform.
Proposal 3	If "service specific power control" is agreed in RAN1, then upon transmission of a MAC PDU on UL-SCH, the MAC entity signals the logical channel ID(s) of the MAC PDU to PHY.
Proposal 4	The MAC entity does not include functionality related to beam specific power control in Rel-15.
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