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1. Introduction
At the RAN1 AH meeting, following set of questions have been provided by the feature lead [1]:
	1) What is semi-static power sharing for NN-DC?
2) What is dynamic power sharing for NN-DC?
3) Is there any benefit to dynamic power sharing with a look-ahead operation as compared to dynamic power sharing without a look-ahead operation? If yes, what are the benefits? 
4) Does semi-static power sharing reduce UE implementation complexity compared to dynamic power sharing? If yes, how and in what cases?
5) Can Dynamic power sharing be operated to also cover semi-static power sharing? If yes, how? What is the impact from NW and UE perspective when this is done?
6) What is the impact on uplink performance (coverage/throughput) when semi-static power sharing is used for NN-DC?
7) What is the impact on uplink performance (coverage/throughput) when dynamic power sharing is used for NN-DC?
8) What is the impact on UL link adaptation when dynamic power sharing is used for NN-DC? 
9) Can dynamic or semi-static power sharing introduce phase discontinuity on an ongoing uplink transmission? If yes, how? If no, is there any requirement for the UE to maintain the phase continuity?
10) Does the relative performance (coverage/throughput) of semi-static power sharing vs. dynamic power sharing depend on traffic load (e.g. low/medium/high) and traffic type (e.g. bursty, full buffer)?If yes, how?
11) Should the uplink power control design for Rel. 16 NN-DC consider a UE with a single PA?



In this contribution, we provide our views on these questions.

2. Discussions
2.1. What is semi-static power sharing for NN-DC?
Semi-static power sharing is to split the total available transmission power for a UE between CGs in semi-static manner. The purpose of this method is to make sure that dynamic power allocation of a CG is not impacted by dynamic power allocation of the other CG.
In general, this can simply be realized by setting maximum available transmission power for each CG such that sum of these powers over CGs does not exceed the total available transmission power for the UE. Based on the PHR and the configured maximum available transmission power for own CG, a gNB can decide resource allocation and TPC command for a scheduled UL transmissions. However, by this, maximum available transmission power for each CG needs to be smaller than total available transmission power for a UE and therefore, UL performance/coverage of each CG is degraded by the semi-statically configured power restriction (see Fig. 1).
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Fig. 1	Power allocation across CGs when max power for each CG is configured.

The primary motivation of semi-static power sharing in our understanding is to enable predictable power allocation; in dual connectivity, UL transmissions across CGs for a UE are scheduled by separate two gNB schedulers and therefore it is difficult/impossible to control/manage total transmission power of the UE from a gNB point of view. If the maximum available transmission power for each CG is configured, each gNB scheduler can schedule UL transmissions in own CG assuming the maximum available transmission power for the CG is guaranteed. This makes link-adaptation and resource allocation being easy. The configuration of the maximum available transmission power for each CG can be adjusted by semi-static signalling, taking into account PHR.
This primary motivation can also be realized by adopting Rel.12 LTE DC mechanism, which uses minimum guaranteed power for each CG. The features of minimum guaranteed power are following;
· For transmissions on a CG with transmit power of up to Px, the transmissions on the CG can get the transmission power, and;
· For transmissions on a CG with transmit power of more than Px, the transmissions on the CG can get the transmission power of at least Px. The transmissions may be able to get the transmission power of more than Px whenever available, where how to determine power allocation of more than Px for the CG is FFS;
Note: Px denotes the minimum guaranteed power for transmissions on the CG.
Observation 1:
· The primary motivation of semi-static power-sharing is to ensure that dynamic power allocation for one CG is not impacted by dynamic power allocation for another CG.
· This can also be realized by enabling minimum guaranteed power for each CG.

2.2. What is dynamic power sharing for NN-DC?
Dynamic power sharing is to share the total available transmission power between CGs in dynamic manner. The purpose of this method is to realize that the total available transmission power of a UE can fully be utilized by one CG whenever available.
In general, this can be realized by setting maximum available transmission power for each CG such that the transmission power for each CG can be up to the total available transmission power for the UE. For the case when two CGs require more than maximum available transmission of a UE in total, power-scaling is necessary. It is beneficial to enable protecting more important transmissions than others. 
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Fig. 2	Power allocation across CGs when max power for each CG is NOT configured.

The primary motivation of dynamic power sharing is to enable power allocation of up to maximum available transmission power for each CG without unnecessary restriction. This can achieve the UL coverage same as for non-DC unless power-scaling occurs. 
This primary motivation can also be realized by adopting Rel.12 LTE DC mechanism, which uses minimum guaranteed power for each CG.
Observation 2:
· The primary motivation of dynamic power-sharing is to ensure that dynamic power allocation for one CG can achieve transmission power of up to total transmit power of the UE.
· This can also be realized by enabling minimum guaranteed power for each CG.

2.3. Is there any benefit to dynamic power sharing with a look-ahead operation as compared to dynamic power sharing without a look-ahead operation? If yes, what are the benefits?
It is necessary to clarify what the “look-ahead” here means. Rel.15 has multiple handling of “look-ahead” related issue:
· For UCI multiplexing, Rel.15 NR specification supports UCI multiplexing for different PUCCH resources or PUSCHs starting from different timings but overlapped at least partly, which are triggered by different PDCCH monitoring occasions, as long as UE processing time allows. Transmit power of a PUCCH or a PUSCH depends on what/how many UCIs are multiplexed. Therefore, from this point of view, “look-ahead” is already supported.
· For UL-CA, Rel.15 NR specification seems allowing transmit power change at the middle of a UL transmission occasion if the UE is power-limited due to another UL transmission in another carrier. From this point of view, “look-ahead” is not required for UL-CA, and the power-limited is handled by allowing phase discontinuity due to power change.
Phase discontinuity due to the power change is obviously not desirable from the performance point of view. Especially for dual connectivity, scheduler of a CG would not be able to know dynamic power allocation of another CG. Therefore, specification should ensure that once a UE determines transmission power of a transmission in one CG, it is kept unchanged until the end of the transmission. 
With this assumption, “look-ahead” can be clarified such as: once transmission power of a UL transmission is determined, it will not be re-calculated after the determination. The question is when the UE is supposed to determine the transmission power of a UL transmission. According to the Rel.15 UCI multiplexing rules, power determination timing is not exactly aligned with decoding timing for the DCI indicating the UL transmission. For example, in an example illustrated in Fig. 3 where two UL transmissions (blue and orange) indicated by two DCIs with different detection timings are multiplexed onto one UL transmission (black), the transmit power for black UL transmission cannot be determined until multiplexing is determined.
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Fig. 3	UCI multiplexing behaviour.
Observation 3:
· It is important to make sure that once transmission starts, transmission power does not change at the middle of the transmission.

2.4. Does semi-static power sharing reduce UE implementation complexity compared to dynamic power sharing? If yes, how and in what cases?
As pointed out by several companies during the last RAN1 meeting, as long as the UE supports UL-CA power-control, the UE needs to support dynamic power sharing and hence semi-static power sharing may not reduce UE implementation complexity unless dynamic power sharing requires look-ahead function.
Observation 4:
· UE implementation complexity may not be reduced by semi-static power sharing as long as the UE supports UL-CA with prioritization rules for power allocation.

2.5. Can Dynamic power sharing be operated to also cover semi-static power sharing? If yes, how? What is the impact from NW and UE perspective when this is done?
As pointed out above, the primary motivation of semi-static power sharing is to make sure that dynamic power allocation for a CG is not impacted by dynamic power allocation for another CG. If dynamic power sharing is used for this purpose, gNBs should have a mean to negotiate each other to limit the maximum transmission power for each CG. There is still some fractions between gNB’s estimated available transmission power and actually available UE transmission power and therefore, this implicit method of semi-static power sharing may not be as accurate as real semi-static power splitting.
Observation 5:
· For dynamic power sharing operated to cover semi-static power sharing, gNBs should negotiate each other to limit the maximum transmission power for CGs.

2.6. What is the impact on uplink performance (coverage/throughput) when semi-static power sharing is used for NN-DC?
If maximum available transmission power for each CG is configured such that the summation of the configured maximum available transmission power for CGs does not exceed total available transmission power of the UE (i.e., Fig. 1), the uplink performance (coverage/throughput) degrades as presented in Section 2.1.

2.7. What is the impact on uplink performance (coverage/throughput) when dynamic power sharing is used for NN-DC?
As presented in Section 2.2, dynamic power sharing can achieve the UL coverage same as for non-DC unless power-scaling occurs.

2.8. What is the impact on UL link adaptation when dynamic power sharing is used for NN-DC?
For UL link-adaptation, available transmission power should be well known by the gNB scheduler, so that the scheduler can decide resource allocation and MCS taking into account the necessary transmission power for achieving the target BLER. If the available transmission power for a UL transmission is 3dB underestimated, it causes the same effect as BLER curve is 3dB shifted. If dynamic power allocation of a CG is impacted by dynamic power allocation of another CG, unexpected power-scaling would occur and hence there will be some cases where an UL transmission for a CG may not be received correctly. 
In general, when a gNB cannot receive a UL transmission correctly, that is because either (1) gNB decoding error or (2) UE miss detection of the UL grant. Appropriate subsequent gNB action depends on which case; scheduling a re-transmission with lower MCS/code rate could be a solution for (1), while increasing PDCCH aggregation level could be a solution for (2). However, for dynamic power sharing, there will be another cause; (3) power-scaling due to another CG. If the cause is (3), appropriate gNB action is just to re-schedule the same UL transmission at later timing. If the cause (3) is not identified by the gNB, UL link adaptation is negatively impacted by power-scaling due to another CG in case of dynamic power sharing. Even if the cause (3) is identified by the gNB, it causes gNB scheduler behaviour more complicated and some performance loss is unavoidable.
Observation 6:
· UL link adaptation would negatively be impacted by power-scaling due to another CG in case of dynamic power sharing.
· gNB scheduler cannot know whether the UL failure is caused by power-scaling due to another CG or not and then the gNB scheduler cannot take appropriate actions.

2.9. Can dynamic or semi-static power sharing introduce phase discontinuity on an ongoing uplink transmission? If yes, how? If no, is there any requirement for the UE to maintain the phase continuity?
Transmission power of an ongoing transmission should be unchanged. It is necessary to agree that once a UE determines transmission power of a CG, it is kept unchanged until the end of the transmission of the CG. Look-ahead discussion should be based on this assumption.
Observation 7:
· Transmission power of an ongoing transmission should be unchanged. 

2.10. Does the relative performance (coverage/throughput) of semi-static power sharing vs. dynamic power sharing depend on traffic load (e.g. low/medium/high) and traffic type (e.g. bursty, full buffer)? If yes, how?
Dynamic power sharing is more appropriate for bursty and low traffic load since less power-scaling is expected, while semi-static power sharing is more appropriate for full buffer and high traffic load.

2.11. Should the uplink power control design for Rel. 16 NN-DC consider a UE with a single PA?
This depends on whether there is a market demand for NN-DC on a band or band combination which is supported by a single PA.

3. Conclusion
In this contribution, we show our views on power-control for NR-NR dual connectivity. Our views are summarized as following:
Observation 1:
· The primary motivation of semi-static power-sharing is to ensure that dynamic power allocation for one CG is not impacted by dynamic power allocation for another CG.
· This can also be realized by enabling minimum guaranteed power for each CG.
Observation 2:
· The primary motivation of dynamic power-sharing is to ensure that dynamic power allocation for one CG can achieve transmission power of up to total transmit power of the UE.
· This can also be realized by enabling minimum guaranteed power for each CG.
Observation 3:
· It is important to make sure that once transmission starts, transmission power does not change at the middle of the transmission.
Observation 4:
· UE implementation complexity may not be reduced by semi-static power sharing as long as the UE supports UL-CA with prioritization rules for power allocation.
Observation 5:
· For dynamic power sharing operated to cover semi-static power sharing, gNBs should negotiate each other to limit the maximum transmission power for CGs.
Observation 6:
· UL link adaptation would negatively be impacted by power-scaling due to another CG in case of dynamic power sharing.
· gNB scheduler cannot know whether the UL failure is caused by power-scaling due to another CG or not and then the gNB scheduler cannot take appropriate actions.
Observation 7:
· Transmission power of an ongoing transmission should be unchanged. 
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