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Introduction
[bookmark: _Hlk510705081]RAN#81 in September approved a WID on Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements (LTE_NR_DC_CA_enh-Core) that includes the following objective [1]:
	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. 



The noted exception sheet listed the following points for NR-NR DC relevant to RAN1 [2]:
	For SA (Option 2) only:
· NR-NR Dual connectivity aspects
· synchronous mode from physical layer aspects;
· Band combination(s) for FR1 + FR2;
· MCG fully in FR1 and SCG fully in FR2
· Common radio protocols and network interfaces applicable to both synchronous and asynchronous mode of operations.
…
· RAN1
…
· NR-NR Dual Connectivity
· Synchronous operation
· Minimum RAN1 impact and no HW impact
· No PUCCH-SCell



The point of the note referring to the exception sheet is understood to mean that the WI does not mandate redesigning things that are included in Rel-15, but introduce support for cases that are not yet there. In this contribution, we discuss all the possible scenarios and considerations to support enhanced DC and CA.
Discussion
Background: Rel-15 NR uplink power control
During Rel-15, in a wide scope, power control has a consideration on two separated scenarios, single CC with single TRP operation, and CA/DC with co-located cell operation. 
 In single CC operation, RAN1 stribed to support beam formed uplink transmission where dynamic beam change can cause sudden variation on required uplink transmission power. As a solution, Rel-15 gNb can configure multiple of power control settings including pathloss measurement RS and power offset, then down select one of them via DCI for each UL transmission. Due to the lack of UE’s capability on L3-RSRP (pathloss) measurement, limited number of RS can be configured as pathloss reference signal. So the misalignment between the RS/beam utilized for pathloss measurement and the actual beam in use can happen, but the difference can be managed via UL beam specific power offset.
Observation 1: Power control should be able to support beam specific operation
 In CA/DC operation, including late drop, Rel-15 defined both dynamic inter-carrier/connection and semi-persistent inter-carrier/connection power sharing where the same/different power control rules can be applied within different carrier/connection. For NR CA in the same frequency range, RAN1 agreed to mostly reuse LTE CA power control algorithm, and the priority on power reduction or transmission drop was agreed in the specification. For LTE-NR DC, according to the UE’s capability, gNb can configure dynamic power sharing with maximum transmission power per connection, TDM pattern based power division between connection, or semi-persistent power division between connection. For NR FR1+ NR FR2 operation, many companies showed their view that no further RAN1 specificaiton is needed due to the separated operation (no power sharing), and conclusion was made that no speficiation impact is observed for synchronoised DC with NR in FR1 + NR in FR2. Within each carrier/connection, power control follows each RAT’s rule with the maximum transmission power allowed for each connection.
Observation 2: Rel-15 power control is composed by two separated parts, inter-carrier/connection power sharing and power control within each carrier/connection

Scope of the work on UL PC for NR-NR DC
As shown in the backgound or in WID, the following cases are not treated in Rel-15, and could be considered within this work item:
1. Asynchronous NR-NR DC with MCG on FR1 and SCG on FR2
2. Synchronous and asynchronous NR-NR DC with MCG on FR2 and SCG on FR1
3. Synchronous and asynchronous NR-NR DC with both MGC and SCG on the same frequency range (FR1 or FR2)

Since Rel-15 clarified that no power sharing among NR on FR1 and NR on FR2 happens, from the UL PC perspective, it does not matter whether the MCG is on FR1 and SCG on FR2 or vice versa. Further, as the power controls operate independently, there is no difference whether the DC operation is synch or asynch as long as the MCG and SCG are on different frequency ranges.
Observation 3: Rel-15 UL PC solution works as-is for synchronous and asynchronous EN-DC with MCG on FR1 and SCG on FR2 and vice versa.
Further, synchronous operation can be seen as a special case of asynchronous operation, and if Rel-16 is to support asynchronous operation, then synchronous operation is supported as a by-product without additional effort.
Observation 4: Synchronous operation is a special case of asynchronous operation in what comes to power control, and thus it suffices to focus on asynchronous operation
The above discussion leads us to the proposal for the focus of the solution identification work:
Proposal 1: The focus of the RAN1 work on UL PC is for the asynchronous NR-NR DC with both MCG and SCG on the same frequency range.
As multi-TRP operation being included in Rel-16, asynchronous CA/DC should include the deployment of non-co-located cells. Considering power control discussion in Rel-15, it is obvious that power control should be adjusted to the beam utilization at both UE and gNb side, so some technical difference can be found between the power control on co-located cells and non-co-located cells.
Proposal 2: For NR-NR DC on the same frequency range, RAN1 should aim to drive unified solution to cover all the possible scenarios, but separated discussion will be needed for co-located scenario and non-co-located scenario.
 In Rel-15, power control of CA/DC was composed by two separated parts, inter-carrier/connection and power control per CC/connection. In Rel-16 scope, both multi-TRP operation in single cell and non-co-located cells operation in CA/DC are to be considered, so the similarity and the necessity of joint optimization needs to be further considered. 
Proposal 3: It would be beneficial to drivde universal solution on power control for single cell multi-TRP operation and non-co-located CA/DC operation. 

Conclusion
 In this contribution, we take draft review on Rel-15 power control and extract required works for Rel-16 power control in NR-NR DC/CA scenarios. The observations and proposals are summarized below.
Observation 1: Power control should be able to support beam specific operation
Observation 2: Rel-15 power control is composed by two separated parts, inter-carrier/connection power sharing and power control within each carrier/connection
Observation 3: Rel-15 UL PC solution works as-is for synchronous and asynchronous EN-DC with MCG on FR1 and SCG on FR2 and vice versa.
Proposal 1: The focus of the RAN1 work on UL PC is for the asynchronous NR-NR DC with both MCG and SCG on the same frequency range.
Proposal 2: For NR-NR DC on the same frequency range, RAN1 should aim to drive unified solution to cover all the possible scenarios, but separated discussion will be needed for co-located scenario and non-co-located scenario.
Proposal 3: It would be beneficial to drivde universal solution on power control for single cell multi-TRP operation and non-co-located CA/DC operation. 
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