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Introduction
Power control for NR-NR dual-connectivity (also known as NR-DC or NN-DC) for the case of FR1+FR2 is already specified for both synchronous deployment (Rel-15 late drop) and asynchronous deployment (Rel-16), so that no power sharing between the two CGs is defined. 
Focusing on the more challenging case that both CGs are in the same frequency range (FR1), power sharing mechanism for NN-DC has been discussed in the previous meetings, and two main solutions have been proposed: 
· Semi-static power sharing (and/or single uplink operation);
· Dynamic power sharing.
Although no conclusion has been made yet, an email discussion was conducted in two phases after to RAN1#96 summarized [3] to (i) identify the advantages and disadvantages of each scheme, and (ii) detailed description of each scheme for NN-DC power sharing. During RAN1#96bis, [4] summarized the feature lead way-forward suggestion of alternatives for semi-static and dynamic power sharing scheme (see notes below).
Excerpt from RAN1#96bis Chairman Notes [1]
· Companies are encouraged to check the alternatives listed in R1-1905839, and use them as the reference to provide further analysis. Revisit in RAN1#97

 


In this contribution, we summarize our views on the merits of dynamic power sharing for NN-DC, and our preferred solution to dynamic power sharing with look-ahead.
Merits of Dynamic Power Sharing
In the following, we summarize our views on the merits of dynamic power sharing (DPS) over semi-static power sharing (SPS).  Further details are in our previous contribution [5].
· Boost in UL performance, as no configured maximum power limits for the two CGs: SPS achieves limits/caps the UL performance (throughput/coverage) in the first place by imposing maximum power limits (except for the alternative where it is semi-statically known on no possible overlapping UL transmission on the other CG).
· Ensure fairness with minimum guaranteed powers (MGPs) configured for the two CGs: Thus, no CG can use up all the UE power and deprive the other CG from power (unless there is semi-static knowledge that the two CGs do not overlap in a certain transmission). The MGPs are configured such that highest priority transmissions are protected.
· Avoid phase discontinuity issues by not re-calculating/re-adjusting transmit power for an UL transmission after it is determined – regardless of priority levels. Look-ahead up to cut-off time of (T_offset prior to the UL transmission starting time T0) reduces the chances of phase discontinuity events on an ongoing UL transmission by considering the scheduling information and priority levels of overlapping transmissions received up to the cut-off time when determining the transmit power for a given transmission.
· To simplify implementation and align with NR-CA prioritization, priority rules are applied across the two CGs for overlapping transmissions whose power is concurrently determined, so that an UL channel/signal with lower priority is power scaled/dropped even if located on MCG. For two UL channels/signals with the same priority level, MCG>SCG. 
· With flexible numerology and transmission timing/length in NR, there is no fundamental difference between implementing synchronous and asynchronous NR-DC scenarios.
For the prioritization rules for dynamic NR-DC power sharing, at least the following two options can be considered. 
· Option (i): MCG is always higher priority than SCG regardless of priority levels of channels/signals (so, power allocation between MCG and SCG is decoupled). It is proposed that the minimum guaranteed power on SCG can be configured such that, e.g., PUCCH/SRS on SCG are protected. This option is slightly different from NR-CA power control.
· Option (ii): Priority levels are applied across the two CGs (so, e.g., PUCCH is always higher priority than PUSCH without UCI regardless PUCCH/PUSCH are on MCS/SCG). However, for two UL transmissions with the same priority level, MCG>SCG. (Minimum guaranteed power and look-ahead can be still applied on top of this to improve the performance). The option is aligned with Rel-15 NR-CA power control.
Our preference is for the second option as we believe it is more useful.
Observation 1: A dynamic NN-DC power sharing design based on the following design principles can outperform semi-static NN-DC power sharing:
· To boost the UL performance, no configured maximum power limits for the two CGs;
· To ensure fairness, minimum guaranteed powers (MGPs) are configured for the two CGs;
· To avoid phase discontinuity issues, transmit power for an UL transmission is not re-calculated/re-adjusted after it is determined – regardless of priority levels;
· To simplify implementation and align with NR-CA prioritization, priority rules are applied across the two CGs for overlapping transmissions whose power is concurrently determined, so that an UL channel/signal with lower priority is power scaled/dropped even if located on MCG. For two UL channels/signals with the same priority level, MCG>SCG. 
 NN-DC Power Control Proposal
We note that the WID [2] recommends to take LTE mechanisms (i.e., PCM-1 and PCM-2) as baseline solutions for the Rel-16 work. In our proposal, we make use of both LTE PCM-1 and PCM-2 mechanisms. 
Our proposed solution for NR-DC dynamic power sharing can be summarized as follows:
· Minimum guaranteed power (MGP) limits for the two CGs, e.g., P_{MCG, min} and P_{SCG, min}, are configured such that P_{MCG, min} + P_{SCG, min} <= P_{NR-DC, Total}.
· In case of a power-limited situation, i.e., P_{MCG} + P_{SCG} > P_{NR-DC, Total}, the UE allocates power for an UL transmission by: 
i. considering allocated powers for overlapping transmissions whose power are already determined – regardless of priority levels; 
ii. assigning power to higher priority, overlapping transmissions whose power is yet to be determined and scheduling information is known at the cut-off time (T0-T_offset) according to priority rules applied across the two CGs (Rel-15 CA power allocation prioritization rules + MCG>SCG for same priority level); 
iii. respecting the MGPs, such that total power on a CG1 can never exceed P_{NR-DC, Total} – P{CG2, min} (except when it is semi-statically known on no possible overlapping UL transmission on the other CG) .
The above proposal can be explained based on the following example in Figure 1. 
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Figure 1.  NN-DC Dynamic power sharing with “look-ahead”. 
· For the earliest overlapping UL transmission #1 starting at time : UE considers the UL grants (UL grant #1 and UL grant #2) that have arrived up to the cut-off time of  with overlapping transmissions whose powers are yet to be determined. UL grant #3 for UL transmission #3 is received after the cut-off time of   and  such UL transmission #3 on CG2 is similar to [i2] transmissions in LTE-DC PCM2, for which only MGP is reserved, as its scheduling information is not known at the cut-off time of UL transmission #1. 
If the UE is power-limited, the UE applies the priority rules across the two CGs for UL Tx#1 and Tx#2  (as their scheduling information UL Grant #1 and UL Grant #2 are known), to determine the transmit power for UL transmission #1 (similar to LTE-DC PCM1). 
Assuming, UE is power-limited, and the UL transmission #2 is of higher priority, the UE reduces the transmit power for the UL transmission #1 (transmission occasion i1), such that

where  denotes the transmit power for an UL transmission occasion i on a CG. If UL transmission #1 has higher priority, the power setting for UL transmission #1 is determined such that,  

· For the middle UL transmission #2 starting at time : As the overlapping UL transmission #1 has started before the starting time of UL transmission #2 and its power is already determined, the power P(i1) cannot be (re-)shared or (re-)adjusted. This is similar to [i2-1] transmission in LTE-DC PCM2. 
UE considers the UL grants (UL grant #2 and UL grant #3) that have arrived up to the cut-off time of  with overlapping transmissions whose power is yet to be determined. It can be seen that UL grant #2 is received within the cut-off window for determining power for UL transmission #1, so any priority handling between UL transmission #1 and UL transmission #2 (when UE is power limited) has already been considered. Assuming UL transmission #2 has highest priority, the power setting for UL transmission #2 is determined first such that,  

If UL transmission #1 has higher priority that UL transmission #2 (and UL transmission #2 has higher priority than UL transmission #3), the power setting for UL transmission #2 is determined such that

· For the last UL transmission #3 starting at time : As the overlapping UL transmission #1, and #2 have started before the starting time of UL transmission #3 and their powers already determined, the power P(i1), P(i2) cannot be (re-)shared or (re-)adjusted. This is similar to [i2-1] transmission in LTE-DC PCM2. Further, UL grant #3 is not received before the cut-off time (   for UL transmission #1, so even if UL transmission #3 has higher priority than overlapping UL transmission #1, the transmit power of UL transmission #1 will not be adjusted. The power for UL transmission #3 is determined such that,  

Regarding the cut-off time, it can be a conservative value such as the reception time of the DCI grant / higher layer signalling (no look-ahead), or more aggressive such as the uplink transmission time offset by a number of symbols, e.g., UE processing duration / PUSCH preparation time, T_proc for UCI multiplexing specified in Rel15 [TS 38.214]. 
Proposal 1: [Alt 3]
· UE is configured with a minimum guaranteed power (MGP) limits for MCG and SCG separately. 
· To compute the transmit power for CG1 UL transmission starting at time T0, a UE considers a power for later scheduled overlapping transmissions up to the cut-off time T0-T_offset
· In case of a power-limited situation, the UE allocates power for an UL transmission by: 
i. considering allocated powers for overlapping transmissions whose power are already determined – once the transmit power for a transmission is computed, UE will not re-calculate/re-adjust the transmit power based on upcoming transmission regardless of priority levels; 
ii. assigning power to higher priority, overlapping transmissions whose power is yet to be determined and scheduling information is known at the cut-off time (T0-T_offset) according to priority rules applied across the two CGs (Rel-15 CA power allocation prioritization rules + MCG>SCG for same priority level); 
iii. respecting the MGPs, such that total power on a CG1 can never exceed P_{NR-DC, Total} – P{CG2, min} (except when it is semi-statically known on no possible overlapping UL transmission on the other CG).
Minimum guaranteed power (MGP) for NN-DC 
Minimum guaranteed power (MGP) for a cell group (CG) can ensure that no CG is totally deprived of at least some amount/fraction of the UE transmit power. In LTE, MGP is defined as an RRC configured fraction (say, γ_CG) of the dual connectivity Pcmax. In 5G NR, due to different numerologies and processing times, and existence of mini-slots, definition of MGP for NR-DC needs to be revisited. In particular, it is possible that a transmission on a CG overlaps with multiple transmissions on another CG. At least several options can be considered as below for definition of MGP for NR-DC:
a) MGP is an RRC configured fraction of the maximum dual connectivity Pcmax values across all overlapping transmissions;
b) MGP is an RRC configured fraction of the minimum dual connectivity Pcmax values across all overlapping transmissions;
c) MGP is an RRC configured fraction of the dual connectivity Pcmax value across all overlapping transmissions;
d) MGP is an RRC configured fraction of the dual connectivity Pcmax value for the transmission with the highest L1 priority level across all overlapping transmissions.
We believe that Option (d) is the best option since it decreases UE complexity and also guarantees that at least the most important transmission will be successfully communicated. Note that, dual connectivity Pcmax can be only computed for those overlapping transmissions whose details are known to the UE early enough, i.e., before the cut-off time.
Proposal 2: In NN-DC, in the case of multiple transmissions overlapping with a given uplink transmission, MGP is defined as an RRC configured fraction of the dual connectivity Pcmax for the transmission with the highest L1 priority level among all overlapping transmissions whose transmission details are known to the UE before the cut-off time. 
Conclusion
In summary, we observe the following for NN-DC power control:
Observation 1: A dynamic NN-DC power sharing design based on the following design principles can outperform semi-static NN-DC power sharing:
· To boost the UL performance, no configured maximum power limits for the two CGs;
· To ensure fairness, minimum guaranteed powers (MGPs) are configured for the two CGs;
· To avoid phase discontinuity issues, transmit power for an UL transmission is not re-calculated/re-adjusted after it is determined – regardless of priority levels;
· To simplify implementation and align with NR-CA prioritization, priority rules are applied across the two CGs for overlapping transmissions whose power is concurrently determined, so that an UL channel/signal with lower priority is power scaled/dropped even if located on MCG. For two UL channels/signals with the same priority level, MCG>SCG. 
We propose the followings for NN-DC power control:
Proposal 1: [Alt 3]
· UE is configured with a minimum guaranteed power (MGP) limits for MCG and SCG separately. 
· To compute the transmit power for CG1 UL transmission starting at time T0, a UE considers a power for later scheduled overlapping transmissions up to the cut-off time T0-T_offset
· In case of a power-limited situation, the UE allocates power for an UL transmission by: 
i. considering allocated powers for overlapping transmissions whose power are already determined – once the transmit power for a transmission is computed, UE will not re-calculate/re-adjust the transmit power based on upcoming transmission regardless of priority levels; 
ii. assigning power to higher priority, overlapping transmissions whose power is yet to be determined and scheduling information is known at the cut-off time (T0-T_offset) according to priority rules applied across the two CGs (Rel-15 CA power allocation prioritization rules + MCG>SCG for same priority level); 
iii. respecting the MGPs, such that total power on a CG1 can never exceed P_{NR-DC, Total} – P{CG2, min} (except when it is semi-statically known on no possible overlapping UL transmission on the other CG).
Proposal 2: In NN-DC, in the case of multiple transmissions overlapping with a given uplink transmission, MGP is defined as an RRC configured fraction of the dual connectivity Pcmax for the transmission with the highest L1 priority level among all overlapping transmissions whose transmission details are known to the UE before the cut-off time.  
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