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In RAN#80 meeting, the WID on multi-RAT dual connectivity and carrier aggregation enhancements is approved which includes the target of supporting asynchronous and synchronous NR-DC [1]. The aspects corresponding to NR-DC are copied below.
	1. Support of asynchronous and synchronous NR-NR Dual Connectivity [RAN1, RAN2, RAN4]
· UE power control [RAN1]
· RRC signalling to support of enhanced NR-NR DC [RAN2]
· Core requirements to support enhanced NR-NR DC [RAN4]
Note: Synchronous DC enhancements in this WID considers only cases not covered in Rel-15 exception sheet for NR WI NR_newRAT-Core. 


From RAN1 perspective, the main objective is UE power control. In RAN1 Ad-Hoc meeting 1901, the following agreements have been achieved where independent power control per cell group is adopted for asynchronous NR-DC with FR1+FR2 band combination(s) [2]. 
	Agreements:
· For Rel. 16 UEs and asynchronous NN-DC operation, where MCG has serving cells only in FR1 and the SCG has serving cells only in FR2, the uplink power control is performed independently across cell groups
· This is under the assumption that for NR Rel. 16, no joint power limit across FR1 and FR2 is defined by RAN4.
· RAN1 has not identified any use case to support the case where SCG is fully in FR1 and MCG is fully in FR2 for both synchronous & asynchronous NN-DC operation. At the same time, if supported, RAN1 has not identified other RAN1 specification impact other than the power control aspect listed below and UE capability 
· If supported, power control is performed independently across the two cell groups.
Send an LS to RAN4 (cc RAN2) capturing the above – Kianoush (QC), R1-1901402, which is approved.


In RAN1#96 meeting, there was discussion on whether to support semi-static power sharing or dynamic power sharing or both, but no consensus was reached [3]. And in RAN1#96bis meeting, still no further agreement or conclusion was made on UE power control for NR-NR DC. This contribution mainly discusses the power sharing mechanism and provides our preference. Besides, prioritizations for transmission power reductions and power headroom reported are also considered. 
[bookmark: _Ref129681832]Discussion 
According to the RAN1 specification impact of Rel-12 LTE DC and Rel-15 EN-DC and NE-DC on UE power control, the following aspects are identified to be the major issues for Rel-16 NR-DC that need to be discussed and addressed:
· Power control mechanism
· Prioritizations for transmission power reductions
· Power headroom reporting (PHR)
On power control mechanism
Dynamic power sharing vs.  Semi-static power splitting
Before justifying the benefits and necessities of dynamic power sharing for NR-DC, we first review and compare the specified power sharing mechanisms for EN-DC.
There are three different power sharing mechanisms that have been specified in Rel-15 EN-DC including dynamic power sharing (DPS), semi-static power splitting (SPS) and single uplink operation (SUO). In terms of performance of uplink coverage, DPS can achieve the largest opportunistic uplink coverage among the three schemes. The second is SUO and SPS is the last. From the perspective of downlink throughput, SUO performs the best because HARQ-ACK of both LTE and NR are transmitted in different subframes/slots and case 1 HARQ timing allows all LTE downlink subframes for PDSCH transmission. The second is DPS and SPS is also the last. Thus, it can be concluded that DPS can achieve better uplink coverage and larger downlink throughput compared to SPS. 
Both co-located and non-colocated deployments are supported by EN-DC. Non-co-located EN-DC is usually asynchronous EN-DC due to large propagation delay difference or lack of synchronization link between two distant sites. In this case, gNB and eNB is not likely to have tight interaction. As a result, boundaries of transmission occasions may not be aligned across CGs. Thus, DPS is required and applied to ensure the uplink coverage in the case of asynchronous EN-DC.
Otherwise, if only SPS is supported where maximum transmission power is split to each CG in semi-static manner, e.g., 20 dBm for MCG and SCG respectively, the uplink coverage of NR-DC will be much lower than that of EN-DC. If advanced SPS is applied where different power settings are configured for different transmission occasions, the total transmission power of both CGs may exceed the UE maximum transmission power since boundaries of transmission occasions may not be aligned across CGs. For the overlapped portion across CGs, DPS is needed to handle the collision. Based on above discussion, DPS is a necessity to ensure sufficient uplink coverage for asynchronous NR-DC. 
Observation 1: Dynamic power sharing is a necessity to ensure sufficient uplink coverage for asynchronous NR-DC because boundaries of transmission occasions may not be aligned across CGs and exceeding UE maximum transmission power cannot be avoided by proper SPS power settings without uplink coverage reduction.
Besides, the corresponding dynamic power sharing is different from that of EN-DC/NE-DC in terms of the ability for obtaining scheduling information of the other CG. Namely, for NR-DC, the same ability for obtaining scheduling information of the other CG is assumed for both CGs whereas LTE CG is not able to obtain or not fast enough to response to scheduling information of NR CG for EN-DC/NR-DC.
Proposal 1: Support dynamic power sharing for NR-DC with FR1+FR1 band combination(s) for both synchronous and asynchronous scenarios. The UE modem for each CG has the same ability of obtaining scheduling information of the other CG.
Network configuration for power sharing
Actually, dynamic power sharing can be operated to cover semi-static power splitting, which has already been implemented in Rel-15 EN-DC. For EN-DC UE capable of dynamic power sharing in Rel-15, it can be configured by network with PLTE+PNR>Pcmax or PLTE+PNR<=Pcmax where PLTE and PNR indicates the maximum allowed power for LTE and NR, respectively. In case of PLTE+PNR<=Pcmax, the specified UE behaviour is exactly the same as that for semi-static power splitting. While in case of PLTE+PNR>Pcmax, all or part of UE transmission power can be shared by both CGs in a dynamic manner. 
For NR-DC, it is preferable to specify a unified configuration for power sharing where a single set of RRC parameters are used for configuration of both DPS and SPS. Similar scheme as Rel-15 EN-DC can be a starting point. For instance, the maximum allowed power denoted by PMCG and PSCG can be configured to MCG and SCG, respectively. Then UE adopts dynamic power sharing in the case of PMCG+PSCG>Pcmax while it behaves following semi-static power splitting in the case of PMCG+PSCG<=Pcmax.
Proposal 2: Specify a unified configuration scheme of RRC parameters to cover both dynamic power sharing and semi-static power splitting.
Furthermore, we can strive for a more flexible configuration scheme to obtain all the advantages of different power sharing mechanisms, e.g., different value of maximum allowed power is configured for a single CG but for different slots. With this approach, UE applies dynamic power sharing in parts of slots within a frame to take fully use of the transmission power. While in other slots, UE can operate in semi-static power splitting manner thus it can calculate transmission power per CG without considering the scheduling information or power utilization of another CG. In addition, such approach can achieve single uplink operation at UE side in order to combat the inter-modulation distortion (IMD) issue if necessary. Particularly, the maximum allowed power of one CG in certain slots can be configured to be equal to Pcmax while that of the other CG in the same slots is configured to be 0. Then in other slots, the maximum allowed power is configured conversely. Thus UE can operate in single uplink operation across different CGs. 
Observation 2: More flexibility of switching in time between dynamic power sharing and semi-static power splitting can be achieved by allowing different RRC power parameters for different uplink transmission occasions.
Proposal 3: Under the same framework for both dynamic power sharing and semi-static power splitting, consider to support different maximum allowed power in different transmission occasions per CG.
UE behavior on power scaling or dropping
In power limited cases, UE is required to scale transmission power down or directly drop a certain channel/signal of lower priority in order to not exceed a maximum transmission power. In LTE DC, UE is not allowed to drop any UL signal or channel until the transmission power is used up. While in Rel-15 EN-DC, the X dB threshold is introduced for UE to determine whether to scale transmission power down or drop. Specifically, UE shall drop NR uplink signal only if the transmission power of NR signal is required to be reduced by more than X dB. As for NR-DC, more discussion on UE behavior for power scaling or dropping is needed. For instance, current mechanisms of LTE DC and Rel-15 EN-DC can be starting points.
Minimum guaranteed power
LTE DC including PCM1 (Power Control Mode 1) and PCM2 can reserve minimum guaranteed power for each cell group, in order to ensure sufficient power for UE’s PUCCH transmission, especially for that carrying HARQ-ACK/SR. More specifically, PCM1 allows the minimum guaranteed power to be borrowed by other CG(s) if such power is not fully used. While the minimum guaranteed power cannot be shared in PCM2. Thereby, UE can sustain a connection with each CG even in the situation of simultaneous UL transmissions of multiple CGs. 
For Rel-15 EN-DC with dynamic power sharing, minimum guaranteed power is no longer directly introduced at either LTE or NR side. Instead, transmission power of LTE uplink is always prioritized over NR uplink. 
When it comes to NR-DC, the advantage of minimum guaranteed power in terms of maintaining sufficient transmission power for PUCCH of each CG is still notable. In addition, the exact value of guaranteed power can be flexibly configured by network, and it is possible to allow all the UE transmission power to be fully shared among CGs via network configuration. Therefore, introducing minimum guaranteed power for NR-DC with dynamic power sharing is preferred. 
Proposal 4: For NR-DC with FR1+FR1 band combination(s), each cell group can be configured with minimum guaranteed power.
For NR-DC UE, look-ahead for power control is expected to be beneficial for asynchronous cases since it can keep the same transmit amplitude of PUSCH symbols as its DMRS symbol. It is worth mentioning that, in PCM 2 of LTE-LTE DC, PRACH power of CG2 is taken into account in the power calculation of a concerned transmission occasion of CG1 even if the start time of PRACH is later than the start time of the transmission occasion thereof. One of reasons is that the latency from PRACH transmit timing to received PDCCH order or the latency for TA adjustment is not less than (n+6) ms, which is larger than that of PUSCH/PUCCH. Therefore, the criterion to differentiate dynamic power sharing with look-ahead from without look-ahead should not only based on whether the start time of transmission occasion of CG2 is later than that of CG1.
Actually, a reference timing for power calculation shall be defined to differentiate power calculation with look-ahead from that without look-ahead. Such timing can be set as the moment of the received DCI (including UL grant DCI, DL grant DCI and PDCCH order) for the concerned transmission occasion for transmission power calculation or even plus an additional delta margin, or the minimum of the values provided by configured k2. Then, for UE in dynamic power sharing without look-ahead, it shall only take into account the DCI received before the reference timing that triggers transmission of PUCCH/PUSCH/PRACH of CG2 overlapping in time with the concerned transmission occasion of CG1 when calculating the transmit power for the concerned transmission occasion of CG1. While for UE in dynamic power sharing with look-ahead, DCIs received after the reference timing can be taken into consideration for power calculation.
Observation 3: The criterion to differentiate dynamic power sharing with look-ahead from without look-ahead shall be based on a reference timing for power calculation.
Proposal 5: A reference timing for power calculation should be defined to differentiate dynamic power sharing with look-ahead from without look-head. Consider to support look-ahead in uplink power control for NR-DC UE.
On prioritizations for transmission power reductions
For DC UE with dynamic power sharing, the prioritizations for transmission power reductions in power limited case is necessary to be specified to improve transmission performance at UE side. In Rel-15, prioritizations for transmission power reductions have been specified but only for SUL and CA cases. Note that, the prioritizations for Rel-12 DC in LTE almost reuse the approaches of Rel-11 CA. Thus for NR-DC, it is proper to reuse current channel prioritizations to NR-DC in general. It is noticed that the details for channel prioritizations in Rel-15 CA and SUL are almost the same as that in Rel-11 CA of LTE. Regarding that NR introduces quite a few new features in uplink transmission compared with LTE, more investigation is needed for the details on prioritizations for NR-DC. 
For PUCCH, NR supports 5 different formats including short and long formats, and specifically for PUCCH formats 1/3/4, repetition across multiple slots can be configured. Considering that short PUCCH format, i.e., format 0/2 is used in the latency sensitive scenario, it is preferred to prioritize short PUCCH formats over long PUCCH formats carrying UCI of the same type. Further, for PUCCH configured to be transmitted in multiple slots, its priority shall be lower than single shot PUCCH because the former PUCCH is more likely to be successfully transmitted even if one of the multiple repetitions is with power scaled down or dropped. 
For PUSCH, both grant-based and configured grant PUSCH can be configured for repetition over multiple slots. Single shot PUSCH seems to be more important than PUSCH with repetition since the transport block of PUSCH with repetition is possible to be successfully detected even if one of multiple copies endures power scaling down or is dropped. As a result, single short PUSCH shall be also prioritized over PUSCH with repetition.
Proposal 6: Prioritizations for transmission power reductions in Rel-15 are treated as starting points for NR-DC, and additionally support the following prioritizations:
· PUCCH format 0/2 is prioritized over PUCCH format 1/3/4 carrying the same type UCI.
· Single shot PUCCH is prioritized over PUCCH with repetition in multiple slots carrying the same type UCI.
· Single shot PUSCH is prioritized over PUSCH with repetition in multiple slots.
On power headroom reporting 
Virtual and actual PHR
In LTE DC, for PHR of an activated serving cell in both MCG and SCG, UE can be configured with one of two different reporting types via higher layer signaling.
· Always virtual PH: UE reports virtual PH of the activated serving cell belonging to the other CG. 
· Actual PH when there is a PUCCH/PUSCH transmission for the activated serving cell belonging to the other CG, otherwise virtual PH.
In EN-DC and NE-DC, the same mechanism is applied at NR side according to the agreement in RAN1#95 as following.
	Agreement
Confirm the following working assumption.
· Capture in TS 38.213 the below text from TS 36.213 with the change of phr-ModeOtherCG-r12 to phr-ModeOtherCG
· If the UE is configured with a SCG, and if the higher layer parameter phr-ModeOtherCG-r12 for a CG indicates ‘virtual’, for power headroom reports transmitted on that CG, the UE shall compute PH assuming that it does not transmit PUSCH/PUCCH on any serving cell of the other CG.


As for NR-DC, no additional requirement or concern on virtual and actual PHR is foreseen, and thus directly reusing current mechanism for NR-DC seems straightforward.
 
Conclusions
In this contribution, issues on uplink power control for NR-DC are discussed. The following observations and proposals are given:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: Dynamic power sharing is a necessity to ensure sufficient uplink coverage for asynchronous NR-DC because boundaries of transmission occasions may not be aligned across CGs and exceeding UE maximum transmission power cannot be avoided by proper SPS power settings without uplink coverage reduction.
Observation 2: More flexibility of switching in time between dynamic power sharing and semi-static power splitting can be achieved by allowing different RRC power parameters for different uplink transmission occasions.
Observation 3: The criterion to differentiate dynamic power sharing with look-ahead from without look-ahead shall be based on a reference timing for power calculation.

Proposal 1: Support dynamic power sharing for NR-DC with FR1+FR1 band combination(s) for both synchronous and asynchronous scenarios. The UE modem for each CG has the same ability of obtaining scheduling information of the other CG.
Proposal 2: Specify a unified configuration scheme of RRC parameters to cover both dynamic power sharing and semi-static power splitting.
Proposal 3: Under the same framework for both dynamic power sharing and semi-static power splitting, consider to support different maximum allowed power in different transmission occasions per CG.
Proposal 4: For NR-DC with FR1+FR1 band combination(s), each cell group can be configured with minimum guaranteed power.
Proposal 5: A reference timing for power calculation should be defined to differentiate dynamic power sharing with look-ahead from without look-head. Consider to support look-ahead in uplink power control for NR-DC UE.
Proposal 6: Prioritizations for transmission power reductions in Rel-15 are treated as starting points for NR-DC, and additionally support the following prioritizations:
· PUCCH format 0/2 is prioritized over PUCCH format 1/3/4 carrying the same type UCI.
· Single shot PUCCH is prioritized over PUCCH with repetition in multiple slots carrying the same type UCI.
· Single shot PUSCH is prioritized over PUSCH with repetition in multiple slots.
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