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1. Introduction
At the RAN#81 meeting, WI on Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements was approved which includes following objective [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. 



In this contribution, we present our views on this aspect.
2. High-level views on NR-NR dual connectivity
In general, NR-NR DC is expected to provide various benefits, e.g.;
1. Throughput increase by aggregating more carriers served by different gNBs
2. Robustness increase by PDCP duplication using multiple carriers served by different gNBs
3. Support different service/traffic types by different gNBs (e.g., eMBB on one CG, URLLC on another CG)
· Note: it should also be possible to support (1) different service/traffic types using different carriers served by the same gNB, and (2) different service/traffic types using the same carrier served by the same gNB. (2) is under discussion in SIs of eURLLC/IIOT. 
For Rel.15, dynamic power-sharing for EN-DC and NE-DC were specified, but these mechanisms were far from ideal; dynamic power-sharing for EN-DC and NE-DC were designed such that the power can be allocated to NR cell-group as long as the impact on LTE modem is minimal/zero, i.e., top priority was not to impact on LTE process. For NR-NR DC, it is preferred to enable dynamic power sharing such that important transmissions are well protected under the NW control for both synchronous case and asynchronous case.
The simple solution is to enable semi-static power-splitting between cell-groups, where the splitting ratio is configurable by the NW, so that important signals/channels are well protected. This solution works well for both synchronous and asynchronous cases and offers predictable UE power-control behaviour since power-scaling/dropping of a cell-group does not occur due to the transmission for the other cell-group. However, maximum available transmission power for each cell-group is capped by the semi-static configuration and hence in some scenarios where the required transmission power is relatively high, e.g., macro-cell is involved in the dual connectivity, it is not preferable solution.
Dynamic power-sharing between cell-groups offers efficient power utilization without per cell-group power limitation unless necessary. However, since gNB schedulers for different cell-groups are assumed to be less coordinated, power-scaling/dropping is carried out by the UE unexpectedly from a gNB point of view. In order to minimize the impact of unexpected power-scaling/dropping on important channels/signals, power-scaling/dropping rules need to be carefully designed. In addition, from the UE point of view, power-scaling/dropping due to simultaneous transmissions for two cell-groups requires unified power calculation across cell-groups. Therefore, it is important to make sure that dynamic power-scaling between cell-groups is designed so that UE can follow the defined rules with a reasonable complexity. As a consequence, the UE behaviour of dynamic power-sharing may be dependent on whether dual connectivity is synchronous or asynchronous, whether sufficient processing time is available for power-scaling/dropping, etc.
Whether semi-static power-splitting or dynamic power-sharing is appropriate depends on deployment scenarios, UE capability, etc. Therefore, both solutions should be supported in Rel.16.
Proposal 1:
· Support semi-static power-splitting and dynamic power-sharing between cell-groups for both synchronous and asynchronous NR-NR Dual connectivity.
· Semi-static power-splitting between cell-groups should enable configurable ratio of available transmission power between cell-groups.
· Dynamic power-sharing between cell-groups should be designed such that important transmissions are well protected as long as possible.

3. Possible solutions
3.1	Semi-static power-splitting
In general, there are two directions to realize semi-static power-splitting.
Option A: Introduce minimum guaranteed power as specified for LTE DC
Higher-layer parameters are configured to inform minimum guaranteed power for the cell-groups. Once configured, the transmission power for the cell-group according to the minimum guaranteed power is ensured. Denote the minimum guaranteed power for CG1 and CG2 by P1 and P2 respectively. When P1 + P2 = PCMAX, semi-static power-splitting can be realized. P1 + P2 < PCMAX can realize dynamic power-sharing. 
Option B: Reuse/enhance maximum transmission power as specified for EN-DC/NE-DC
Higher-layer parameters are configured to inform maximum transmission power for the cell-groups. Once configured, the transmission power for the cell-group cannot exceed the configured value. Denote the maximum transmission power for CG1 and CG2 by Q1 and Q2, respectively. When Q1 + Q2 = PCMAX, semi-static power-splitting can be realized. Q1 + Q2 > PCMAX can realize dynamic power-sharing.
Proposal 2:
· Support either option A or option B to enable semi-static power-splitting with configurable power-splitting ratio between cell-groups.
· Option A: Minimum guaranteed power as specified for LTE DC
· Option B: Maximum transmission power as specified for EN-DC/NE-DC

3.2	Dynamic power-sharing
With either option A or option B in Section 3.1, it is possible to enable dynamic power-sharing as stated above in Section 3.1. In order to protect important transmissions, contents-based prioritization should be supported if a certain condition is met. For NR-CA, following priority rules are defined; PRACH on PCell/PSCell > PUCCH with HARQ-ACK/SR = PUSCH with HARQ-ACK > PUCCH with CSI = PUSCH with CSI > PUSCH without UCI > A-SRS > P-/SP-SRS = PRACH on SCell, where for the equal priority collision cases, PCell/PSCell > SCell. This priority rules can be re-used for dynamic power-sharing for NR-NR DC, with the additional priority rule between PCell and PSCell in case of same priority order.
For a UE supporting different service/traffic types, e.g., eMBB and URLLC, it is beneficial to support another priority rule, e.g., one service/traffic type is prioritized over another service/traffic type [2-3]. It needs to be clarified whether this is part of intra-UE eMBB/URLLC multiplexing/prioritization or of MR-CA/DC enhancements.
The condition to enable dynamic power sharing using the priority rules should be clarified. In LTE DC, it is based on whether the dual connectivity is synchronous or asynchronous. In Rel.15 NR CA, it is based on whether the starting timing of overlapped transmission is after the symbol of the concerned transmission or not. On the other hand, for NR UCI multiplexing on a PUCCH/PUSCH, different approach was taken as following;
· UE multiplexes UCIs into one PUCCH or one PUSCH taking into account UCI priority rule when multiple PUCCHs or PUSCHs overlaps, if one of the PUCCH transmissions or PUSCH transmissions is in response to a DCI format and if the following timeline condition is satisfied;
· The timeline between the DCI and the earliest PUCCH or PUSCH among the group of overlapping PUCCHs and PUSCHs is not smaller than .
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Fig. 1		UCI multiplexing.
The above UCI multiplexing procedure implies that the UE can handle overlapped transmissions even if starting symbol is different, as long as processing time is sufficient. Indeed, this is more technically beneficial compared to the former cases.
Proposal 3:
· Define priority rules for dynamic power-sharing which is applied when a certain condition is met.
· Re-use NR CA priority.
· Define additional priority between PCell and PSCell in case the same priority collides.
· Conclude whether possible introduction of additional priority rules between different service/traffic types (e.g., eMBB vs URLLC) are to be discussed in this WI or URLLC SI.

4. Conclusion
In this contribution, we discussed power-control for NR-NR dual connectivity and proposed following:
Proposal 1:
· Support semi-static power-splitting and dynamic power-sharing between cell-groups for both synchronous and asynchronous NR-NR Dual connectivity.
· Semi-static power-splitting between cell-groups should enable configurable ratio of available transmission power between cell-groups.
· Dynamic power-sharing between cell-groups should be designed such that important transmissions are well protected as long as possible.
Proposal 2:
· Support either option A or option B to enable semi-static power-splitting with configurable power-splitting ratio between cell-groups.
· Option A: Minimum guaranteed power as specified for LTE DC
· Option B: Maximum transmission power as specified for EN-DC/NE-DC
Proposal 3:
· Define priority rules for dynamic power-sharing which is applied when a certain condition is met.
· Re-use NR CA priority.
· Define additional priority between PCell and PSCell in case the same priority collides.
· Conclude whether possible introduction of additional priority rules between different service/traffic types (e.g., eMBB vs URLLC) are to be discussed in this WI or URLLC SI.
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