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1 Introduction

A Work Item on Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements [1] was approved. One objective of the work is to support asynchronous and synchronous NR-NR Dual Connectivity. For RAN1 specifically, the objective entails introducing necessary enhancements for UE power control. In particular, power sharing needs to be defined for the case where both legs operate in FR1 bands, which was not covered in R15.
This contribution first discusses synchronicity aspects of NR Dual Connectivity and proposes a design for NR DC power sharing based on these observations.
2 Synchronicity Aspects for NR Dual Connectivity
This section aims at highlighting the differences between LTE DC and NR DC in terms of timing and sycnhronization aspects that impact the power allocation for uplink transmissions.

As a reminder. LTE DC defines two Power Control Modes (PCMs). The UE is configured with a minimum guaranteed power for each CG in both cases. The remaining power is the portion of the total UE available power that is not “guaranteed” to either CG (for both PCMs), with the addition of any power not used by the other CG (for PCM1 only).

More specifically, PCM1 allocates power to different transmissions of each CGs based on relative priorities between types of transmissions (UCI, PUCCH, PUSCH) and between different CGs (MCG > SCG) at least for the portion of the total UE available power that is not part of either of the CG’s minimum guaranteed power (i.e., the remaining power). PCM2 allocates power to different transmissions of each CGs based on the first in time approach, where the remaining power is instead first made available to transmissions of the CG which transmission(s) start earliest in time.
2.1 Dynamic Scheduling in NR
NR supports dynamically variable (i.e., informed by DCI) scheduling-related delay components [4], including K1: delay between DL data (PDSCH) reception and corresponding ACK transmission on UL, K2: delay between UL grant reception in DL and UL data (PUSCH) transmission, N1: the number of OFDM symbols required for UE processing from the end of NR-PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission from UE perspective and N2: the number of OFDM symbols required for UE processing from the end of NR-PDCCH containing the UL grant reception to the earliest possible start of the corresponding NR-PUSCH transmission from UE’s perspective.

Observation 1:
Dynamically variable delay components K1, K2 impacts the UE processing time available for processing scheduling information for each transmission for power control in NR.

In LTE DC, one motivation for the introduction of Power Control Mode (PCM) 2 was due to the insufficient amount of UE processing time for asynchronous deployments where the maximum timing difference between the start of overlapping transmissions of different Cell Groups (CG) was more than 33µs.

2.2 Synchronous and Asynchronous Deployments with NR DC
In LTE DC, a determining aspect in the specification of the two different PCMs was exclusively linked to the underlying assumption of their use for respective deployment scenarios. PCM1 was specified to best support the most likely common type of network deployment where the maximum time between the start of two transmissions of different CGs would be less than 33µs, as ensured by network planning and design. PCM2 was specified for other cases where such timing difference could either not be guaranteed and/or was not ensured by the network deployment.

For NR DC, it can be expected that both synchronous and asynchronous deployments will be possible. However, as explained above and contrary to LTE DC, the characteristics of the deployment is no longer the only determining factor for the synchronicity aspects of overlapping transmissions in NR DC.

Observation 2:
For NR DC, the synchronization of the network deployment is no longer the only determining factor that defines all possible timing relationships between transmissions of two CGs - contrary to LTE DC. 
2.3 Addressing Timing and Synchronization for UL PC in NR DC
It may still be possible to define two different scenarios for NR DC, one synchronous and asynchronous. However, RAN1 should revisit both scenarios for NR DC with respect to their relative importance.

For the synchronous scenario to be the most important scenario to consider for NR DC, all of the following has to be true:

· The network deployment can ensure a maximum timing difference between two transmissions of different CGs less than a specific threshold (exact value is FFS);

· All carriers of the UE’s configuration have the same numerology;

· All at least partially overlapping transmissions between different cells of a CG; and
· All at least partially overlapping transmissions between different CGs:

· The same starting time; and

· The same PUSCH/PUCCH transmission duration.

· All values of K1, K2 have to enable sufficient UE processing time for any observed maximum timing difference between transmissions of different CGs;

Observation 3:
For NR DC and contrary to LTE DC, the synchronous scenario has many factors that makes it become very restrictive and thus unlikely to be the most appealing realization of dual connectivity. 
For the asynchronous scenario to be the most important scenario to consider for NR DC, only one of the above need not be true for most combination of a network deployment and a UE configuration.

Thus, if a deployment supports at least one of the valuable features introduced in NR compared to LTE such as the use of multiple numerologies, the use of different transmission durations, the use of dynamically variable K1, K2 for a given UE configured with dual connectivity, then efficient power control for the asynchronous scenario is highly desirable.
Observation 4:
The asynchronous scenario is the most important scenario to consider for NR DC, unless many of the valuable features added to NR compared to LTE need not be enabled a given deployment.

3 Power sharing for NR DC
3.1 Design Objectives for Power Sharing for NR DC

Similarly as for LTE DC, power control for NR should maximize the use of the total UE available power and distribute power across transmissions adequately. Power sharing for NR DC should target the following objectives:

· Avoid power starvation for a group of transmissions when the UE is power-limited;

In LTE DC, this is achieved by power reservation based on the minimum guaranteed power per CGs.

· Maximize allocation and sharing of available power e.g., by assignment of any unused/remaining power;

· Prioritize more important transmissions e.g., based on channel type, UCI type and/or service type;

· Network control with predictable UE behavior e.g., by specification of configurable Power Control Modes.
Consequently, the following is proposed:

Proposal 1:
NR DC supports uplink PCM(s) that maximizes sharing of the UE’s maximum output power.
Proposal 2:
NR DC supports a baseline PCM for the general case of asynchronous overlapping transmissions.
3.2 Design Considerations for Power Sharing for NR DC

The challenges for power sharing with NR DC are based on support for the following in NR:

· Multiple possible PUSCH/PUCCH durations;

· Variable offset between the start of at least partly overlapping transmissions;

· Variable processing latencies;

The above timing aspects are dependent of the UEs configuration, always known by the scheduler and will be more generally referred to as “HARQ timeline” in the remainder of the contribution.

Given the above, the following is proposed:

Proposal 3:
Power allocation for NR DC supports flexible grouping of transmissions based on timing-related aspects.

Proposal 4:
Transmission grouping supports grouping based on HARQ timeline [PUSCH/PUCCH , K1, K2]. Details FFS.

For example, transmissions of the same MAC instance and associated to a specific range of PUSCH/PUCCH durations and/or to a specific transmission start time could be part of the same transmission group. Each group could then be configured with a minimum guaranteed fraction of PCMAX. Each group could include transmissions for which the difference in transmission starting time is within a specific window of time e.g., a fixed, possibly configurable, period defined from the transmission starting time of the earliest transmission for the group or similar to the power control determination period of an UL transmission
Finally, the allocation of power to different transmissions within a group of transmission should include a prioritization based on QoS scheduling information to remain coherent with the logical channel prioritization applied in MAC, which is partly based on the transmission’s characteristics. 

In LTE R12 DC, the challenge for power sharing was related to the impact of schedulers working independently in the MeNB and the SeNB. Uplink transmissions were thus grouped based on the UE’s configuration of MCG and SCG.

For NR DC, it may be useful to define a more flexible grouping of transmissions than the CG-based grouping used for LTE DC when discussing additional challenges related to timing-related aspects and related to scheduling-related aspects to support all possible cases of asynchronous overlap between transmissions of different CGs. Consequently:

Proposal 5:
When configured, NR power control mode assigns a fraction of the UE’s maximum output power (PCMAX) to a transmission group (TRGx). The number of supported TRGs is FFS.

A power control mode for NR that supports all possible cases of asynchronous overlap between transmissions of different TRGs should then preferably be based on principles of PCM2 while not relying only on scheduling information i.e., not relying on the “first transmission in time” principle and where dependencies between groups of transmissions are minimized (e.g. no look-ahead required) when allocating “shareable” power.

Proposal 6:
PCM2 is used as the baseline for power allocation for NR DC.
Proposal 7:
PCM2 is extended to support multiple HARQ timelines i.e. different combinations of [PUSCH/PUCCH duration, K1, K2].
Proposal 8:
PCM2 is extended to support multiple (i.e., more than two) groups of transmissions.
One approach to allieviate the complexity due to the support of varying signal structures in NR would be to reuse the concept of guaranteed power levels per group of transmissions (hereafter PTRGx) while improving the fairness and/or accuracty of the allocation of remaining power. This could be achieved by enabling dynamic variations to the guaranteed power levels per group (grouping FFS). The UE may then adjust the guaranteed power level PTRGx such that those changes are controlled and known by the network according to the composition of the active traffic mix.

Proposal 9:
The extended PCM2 (e.g., PCM3) supports dynamically adaptive guaranteed power levels per group of transmissions.
The adaptation of the guaranteed power levels and the grouping of transmissions should be under network control.
Proposal 10:
Dynamic adaptation of guaranteed power level for a group of transmissions is controlled by the network. FFS whether it is based on scheduling activity, explicit signalling (e.g DCI or MAC CE), or both.

4 Conclusion
This contribution proposes a design for NR DC power sharing when both legs operate in FR1. The following observations and proposals are made:
Observation 1:
Dynamically variable delay components K1, K2 impacts the UE processing time available for processing scheduling information for each transmission for power control in NR.

Observation 2:
For NR DC, the synchronization of the network deployment is no longer the only determining factor that defines all possible timing relationships between transmissions of two CGs - contrary to LTE DC. 
Observation 3:
For NR DC and contrary to LTE DC, the synchronous scenario has many factors that makes it become very restrictive and thus unlikely to be the most appealing realization of dual connectivity. 
Observation 4:
The asynchronous scenario is the most important scenario to consider for NR DC, unless many of the valuable features added to NR compared to LTE need not be enabled a given deployment.

Proposal 1:
NR DC supports uplink PCM(s) that maximizes sharing of the UE’s maximum output power.
Proposal 2:
NR DC supports a baseline PCM for the general case of asynchronous overlapping transmissions.
Proposal 3:
Power allocation for NR DC supports flexible grouping of transmissions based on timing-related aspects.

Proposal 4:
Transmission grouping supports grouping based on HARQ timeline [PUSCH/PUCCH , K1, K2]. Details FFS.

Proposal 5:
When configured, NR power control mode assigns a fraction of the UE’s maximum output power (PCMAX) to a transmission group (TRGx). The number of supported TRGs is FFS.

Proposal 6:
PCM2 is used as the baseline for power allocation for NR DC.
Proposal 7:
PCM2 is extended to support multiple HARQ timelines i.e. different combinations of [PUSCH/PUCCH duration, K1, K2].
Proposal 8:
PCM2 is extended to support multiple (i.e., more than two) groups of transmissions.
Proposal 9:
The extended PCM2 (e.g., PCM3) supports dynamically adaptive guaranteed power levels per group of transmissions.
Proposal 10:
Dynamic adaptation of guaranteed power level for a group of transmissions is controlled by the network. FFS whether it is based on scheduling activity, explicit signalling (e.g DCI or MAC CE), or both.
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