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Introduction
This contribution considers potential enhancements to UL power control for NR-NR DC based on [1].


UL power control for NR-NR DC 
UL power control for NR-NR DC considers the case that both CGs use either FR1 or FR2. The case that one CG uses FR1 and the other CG uses FR2 is supported in Rel-15 and does not require any particular RAN1 support as transmission on the two CGs are from different UE PAs. 

A first issue is whether any modification in the intra-CG power control procedure (e.g. for UL CA) is needed. Although some re-prioritization of various transmission types relative to Rel-15 may be motivated, they can be viewed either as optimizations or can be handled by other WIs (e.g. to prioritize power allocation to URLLC-related transmissions over MBB-relates ones). 

[bookmark: _GoBack]Observation 1: Potential enhancements to UL power control for NR-NR DC need consider only inter-CG power allocation. 


Rel-15 specifies power allocation for inter-CG transmissions by a UE for EN-DC and NE-DC (NR on FR1). For NN-DC, similar to LTE, a UE can be assumed to always have a capability for dynamic power allocation as a same chip can be used for transmissions to the MCG and the SCG. This makes power allocation and MPR/A-MPR determination simpler than for EN-DC.
 
For NE-DC, the Rel-15 power allocation is not applicable to NN-DC as SCG is always prioritized (due to LTE timing limitations).








For EN-DC and for a UE indicating a capability for dynamic power sharing, if  ( is a maximum transmission power on the LTE MCG,  is a maximum transmission power on the NR SCG, and  is a maximum transmission power for EN-DC), the UE reduces transmission power in any portion of slot  of the SCG so that  in any portion of slot . The UE can also completely drop transmission on the SCG if the required power reduction is beyond a configured value. 




Power allocation for inter-CG transmissions is based on a default power reduction for transmissions on the NR SCG regardless of the transmitted information types in order to accommodate LTE timeline requirements and typical implementation using different chips for LTE and NR. These considerations are not applicable to NR-NR DC and, as in LTE, the information type should be considered and can also include URLLC-related transmissions. Therefore, when  ( is a slot on the MCG and  is a configured maximum transmission power for NN-DC), the UE reduces transmission power (including to zero for individual channel/signal transmissions when phase continuity is not maintained) on the CG where the UE transmits information types with lower priority. Prioritization can follow same principles as for CA and associated specification/implementation impact is expected to be minimal. An even simpler alternative would be to always prioritize power allocation for the MCG but that can result to materially suboptimal operation and is not according to CA power prioritization principles.    

Proposal 1: When a UE is power limited in NN-DC, the UE reduces transmission power on the CG where the UE transmits information types with lower priority. Use Rel-16 CA as baseline for prioritization of information types.


No timeline issues are expected for power reduction of a transmission given that the preparation time is not shorter than the cancelation time. However, this should be further studied especially for a mixture of transmissions with different latency requirements. Similar to LTE, ‘look-ahead’ for determining a transmission power should be preferably avoided while, unlike LTE PCM2, also avoiding default prioritization of power allocation to an ongoing transmission (e.g. when the UE supports MBB and URLLC services).

Proposal 2: Consider potential timeline issues for reducing transmission power on a CG. 
 

The EN-DC power allocation also considers a configuration of a maximum transmission power per CG. This was primarily motivated for enabling semi-static power allocation between LTE and NR in case dynamic power sharing is not possible and was functionally OK given that power allocation to transmissions on the LTE MCG were prioritized to avoid impacting the LTE modem. Such considerations do not apply for NN-DC. Further, configuration of a maximum transmission power per CG is associated with coverage reduction and inefficient power utilization. 

Observation 2: Configuration of maximum transmission power per CG is unnecessary and detrimental for NN-DC. 


NN-DC operation is in principle no different to DC operation in LTE. Use of configured minimum available powers for MCG and SCG can provide same protection as in LTE for transmissions on each CG. Coverage is not affected (e.g. a coverage limited UE on the MCG can be configured zero reserved power on the SCG), RRC connection on the MCG and the SCG can be maintained/guaranteed regardless of power prioritization on the SCG and the MCG, and full power utilization is always possible.  

Proposal 3: Support configuration of minimum available powers for respective transmissions on the MCG and the SCG in NN-DC. 


Conclusions
This contribution considered aspects related to UL power control operation for NN-DC operation in one frequency range and proposes the following.

Proposal 1: When a UE is power limited in NN-DC, the UE reduces transmission power on the CG where the UE transmits information types with lower priority. Use Rel-16 CA as baseline for prioritization of information types.

Proposal 2: Consider potential timeline issues for reducing transmission power on a CG. 

Proposal 3: Support configuration of minimum available powers for respective transmissions on the MCG and the SCG in NN-DC. 
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