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Introduction

In RAN#81 meeting, the WID on Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements was revised and approved [1][2]. One of the objectives is to support asynchronous and synchronous NR-NR DC (Dual Connectivity). Since Rel-15 only supports scenarios of two NRs in NR-NR DC deployed in different FRs (Frequency Ranges) [3], it is believed that there is no need for power sharing between two NRs in different FRs. 

However, NR-NR DC deployed in the same FR is also very important since it could be used in scenarios such as heterogeneous network in FR1 which is typical for LTE DC. NR should inherit this feature from LTE. Therefore, power sharing for NR-NR DC should be considered in Rel-16. We provide our views on the issues of power sharing for NR-NR DC in this contribution.

Power sharing mechanisms for NR-NR DC

To support the NR-NR DC with two legs in the same FR described in section 1, power sharing for both asynchronous and synchronous NR-NR DC in the same FR should be supported. 

Proposal-1: 

NR-NR DC with two legs in the same FR is supported with power sharing between two CGs for both synchronous and asynchronous cases.

In the following sub-sections, we discussed LTE power sharing mechanisms PCM1 and PCM2, timeline of power determination and consideration on the priority of URLLC transmission.

Mechanisms of PCM1 and PCM2 
In LTE, two mechanisms of power sharing for DC have been specified. 

PCM1 in LTE is designed for the cases when two CGs are synchronous. When evaluating the power sharing result, the required power of all transmissions which are overlapped in time in both CGs are well known. So it is possible to determine the final power accurately for each transmission according to the priority. 
PCM2 in LTE is designed mainly for the cases when two CGs are asynchronous. When evaluating the final power, the required power of all transmissions of one CG are ready while the required power of the other CG cannot be anticipated. Power is first allocated per CG using certain schemes which could guarantee a certain portion of power for the other CG and allow the residual power to be fully used by the first required power CG, then split among all the transmissions according to the priority within the CG. 

Since NR supports flexible scheduling delay, non-slot based frame structure, different numerologies for CCs, and URLLC which has absolutely higher priority and very short scheduling delay, it is hard to consider all the overlapped transmissions even within one CG. 

Considering the flexibility in NR, even synchronous NR-NR DC can hardly only adopt PCM1 as in LTE. It also needs PCM2 to guarantee some power for the later-determined transmission, especially for the higher priority transmission. 

For asynchronous NR-NR DC, the overlapping cases are more complicated than that of LTE PCM2. Since PDCCH with UL grant can be present in any symbol with various numerologies, it may happen to determine the power for two transmissions from two CGs respectively at the same time. In this case, it may need to consider scheme similar to PCM1 in LTE which is used to allocate power for two CGs. 

Consequently, PCM1 and PCM2 requirements exist in both deployment of synchronous and asynchronous NR-NR DC. A unified framework for both synchronous and asynchronous NR-NR DC should be considered which could be designed based on PCM2, while taking account of the merit of PCM1.

In order to support flexible power sharing, two types of power ratios can be configured for each CG: one is high power ratio H and the other is low power ratio L
The high power ratio H is used to determine the maximum power portion when the sum of the required power for both CGs is larger than Pcmax. In this case, power could be allocated to each CG according to H if both CGs are requiring power more than H. But, when only one CG requires power higher than H i, it could occupy more power as long as the transmission power of other CG does not reach its corresponding high power ratio. 

The low power ratio L is used as guaranteed power portion. Similar to PCM2 in LTE, if it can be certain that there is no transmission in one CG during a period, the other CG could occupy the power as much as Pcmax, which means no guaranteed power used for subsequent transmissions for the other CG; otherwise if it is not certain whether there is subsequent transmission for the other CG, the γL portion of power the other CG should be guaranteed for potential transmission.
For example, assuming high power ratios of CG1 and CG2 are H_CG1 =50% and H_CG2=50% respectively, and low power ratios of CG1 and CG2 are L_CG1=30% and L_CG1=20% respectively, 

if the required power ratio for CG1 is 60% and the required power ratio for CG2 is 70%, then  the actual power ratios for CG1 and CG2 are  50% and 50% respectively.
if the required power ratio for CG1 is 60% and the required power ratio for CG2 is 30%, then the actual power ratios for CG1 and CG2 are  60% and 30% respectively.
if the required power ratio for CG1 is 20% and the required power ratio for CG2 is 80%, then the actual power ratios for CG1 and CG2 are  20% and 70% respectively.
Proposal-2: A unified framework for both synchronous and asynchronous NR-NR DC should be supported.
Two types of power ratios can be configured for each CG

High power ratio H is used for restricting the maximum power portion when both CGs are requiring more power than its own high ratio
Low power ratio L is used for guaranteeing the minimum residual power for each CG. 

Timeline for power determination 
In LTE, transmissions are synchronous within one CG and it is not specified when to determine the power of these transmissions. For grant based transmission, the determination time should be generally considered as after the reception of the PDCCH with UL grant. Once determined, no more other transmissions will be transmitted during the period of these transmissions. So one CG only has one time point to determine the power of one or more transmissions for one target subframe. 

But in NR, PDCCH with UL grant could be at any symbol and the scheduling delay are various for different transmissions. As shown in Figure 1, there are 3 synchronous CCs, PUSCH TX (transmission) #1, PUSCH TX #2 and PUSCH TX #3 are scheduled by UL grant #1, UL grant #2 and UL grant #3 respectively. The time domain of PUSCH TX #1 is overlapped with PUSCH TX #2 and PUSCH TX #3. If point A is used as the time point to determine power for PUSCH #1, then PUSCH TX #2 and PUSCH TX #3 are not known to the UE at point A. If PUSCH TX #2 and #3 have the same or higher priority compared with PUSCH TX#1, it is NOT proper to allocate power for PUSCH TX #1 without considering PUSCH TX #2 and PUSCH TX #3. If point B is used as the time point to determine power for PUSCH #1, the scheduling of PUSCH TX #2 is known but PUSCH TX #3 is not known. If point C is used as the time point to determine power for PUSCH #1, the scheduling of PUSCH TX #2 and PUSCH TX #3 are both known to the UE. Therefore, it is preferred to select the time point for power determination as late as possible as long as there is still sufficient time for UE to compute and adjust its power. 

The power should be determined per transmission. Once determined, the later arriving transmission with the same priority cannot occupy the power for the already determined transmission. The determination time point is defined as a time offset before the starting point of the transmission, in order to guarantee UE getting as much information of the overlapped transmissions as possible.

Proposal-3: The power should be determined per transmission, and the determination time point is defined as a time offset before the first symbol of one transmission. 

Note: The time offset used for applying power sharing scheme should depend on UE capability.
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Figure 1 illustration of timeline for determining power within one CG
Priority of URLLC transmission
URLLC is assumed to have absolutely higher priority and very short scheduling delay. So URLLC transmission should be allowed to occupy power from other lower priority transmission which power has been determined before. Furthermore, URLLC transmission should be allowed to occupy power of other transmissions within the same CG and in the other CG.

Proposal-4: URLLC transmission should be allowed to occupy power of other lower priority transmissions within the same CG and from the other CG. 

Conclusions
In this contribution, we analyzed the demand of support NR-NR DC deployed in the same FR and provided our view on the related issues. Proposals are summarized as follows:

Proposal-1: 

NR-NR DC with two legs in the same FR is supported with power sharing between two CGs for both synchronous and asynchronous cases.

Proposal-2: A unified framework for both synchronous and asynchronous NR-NR DC should be supported.
Two types of power ratios can be configured for each CG

High power ratio H is used for restricting the maximum power portion when both CGs are requiring more power than its own high ratio
 Low power ratio L is used for guaranteeing the minimum residual power for each CG. 

Proposal-3: The power should be determined per transmission, and the determination time point is defined as a time offset before the first symbol of one transmission. 

Note: The time offset used for applying power sharing scheme should depend on UE capability.
Proposal-4: URLLC transmission should be allowed to occupy power of other lower priority transmissions within the same CG and from the other CG. 
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