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1 Introduction

During RAN Plenary #79, a plan for finalizing all NR architecture options was endorsed in RP-180554 [1].
The plan states that “NR-NR DC to be considered to be added to the late drop at RAN#80”, the work on NR DC starting after August RAN1#94 with a scope that should “target minimum RAN1 impact, to be addressed at RAN#80”.
The different possible timing aspects for NR DC was also discussed, further highlighting the usefulness of revisiting the definitions inherited from LTE DC discussions for synchronous and asynchronous deployment/configuration scenarios.
This contribution discusses timing and synchronicity for overlapping transmissions for NR DC from the perspective of uplink power control. A companion contribution R1-1804676 [2] further discusses a power control mode for NR DC.
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 Variable Transmission Starting Time and Duration in NR
During RAN1#91 [3], RAN1 discussed different cases when the UE is power-limited for NR CA in terms of numerology, transmission start time and transmission duration:

· Case 1, where:

· all configured CCs/uplinks for the UE have the same numerology; and
· overlapping transmissions between different CCs/uplinks have:

· the same starting time; and
· the same PUSCH/PUCCH transmission duration.

· Case 2, where:

· all configured CCs/uplinks for the UE have the same OR different numerology; and
· overlapping transmissions between different CCs/uplinks have:

· the same OR different starting time; and
· the same OR different PUSCH/PUCCH transmission duration.

Essentially, Case 1 has similar timing and synchronization characteristics as for LTE CA. Consequently, RAN1 agreed to handle uplink power control using the principles of LTE CA for case 1.

Observation 2:
Case 1 as defined for NR CA can be applied to NR DC when “same starting time” means “difference between starting time of overlapping transmissions is at most up to a specific threshold (e.g. 33µs for LTE DC)”.

Case 2 corresponds to a more general case of asynchronicity resulting in arbitrary cases of partial and/or complete overlapping between different uplink transmissions of the same UE.

Observation 3:
Case 2 as defined for NR CA is also applicable to NR DC.

However, contrary to the NR CA case, NR DC assumes that more than one scheduler assigns transmission resources to a UE for transmissions that may be overlapping.

Observation 4:
Power sharing is needed for deployment scenarios with NR DC. 
2.3 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 5:
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. 
2.4 Addressing Timing and Synchronization for UL PC in NR DC
As explained above, it may still be possible to define two different scenarios for NR DC, one synchronous similar to case 1 for NR DC as highlighted in Observation 2 above and one asynchronous similar to case 2 for NR CA and NR DC as highlighted in Observation 3 above. However, RAN1 should revisit both scenarios for NR DC with respect to their relative importance.
For the synchronous scenario (case 1 for NR DC) 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 6:
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 (case 2 for NR DC) 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 7:
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 Conclusion
This contribution discusses power control for NR DC. RAN1 should discuss the above and agree to the following:
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:
Case 1 as defined for NR CA can be applied to NR DC when “same starting time” means “difference between starting time of overlapping transmissions is at most up to a specific threshold (e.g. 33µs for LTE DC)”.

Observation 3:
Case 2 as defined for NR CA is also applicable to NR DC.

Observation 4:
Power sharing is needed for deployment scenarios with NR DC. 
Observation 5:
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 6:
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 7:
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.
Consequently, the following is proposed:
Proposal 1:
Uplink Power Control for NR DC should focus on maximizing the allocation of power to overlapping transmissions for the most general asynchronous scenario i.e., where:

· all configured CCs/uplinks for the UE have the same OR different numerology; and

· overlapping transmissions between different CCs/uplinks have:

· the same OR different starting time; and

· the same OR different PUSCH/PUCCH transmission duration.
This scenario uses a similar definition that RAN1 used for NR CA case 2.
Proposal 2:
Optimizations to specific deployments and/or UE configuration (e.g., synchronous transmissions starting within < x µs) may be considered once a baseline for uplink power control for NR DC is completed.
Essentially, contrary as for LTE DC, the case where a UE configured for NR DC with all carriers having the same numerology, the same transmission starting time and the same PUSCH/PUCCH transmission duration in a synchronous deployment should be considered a special case.

4 References
[1] RP-180554, “Plan for finalizing all NR architecture options”, RAN chairman, RAN1/ 2/3/4 chairmen.

[2] R1-1804676, “Power Control for NR DC”, InterDigital, Inc.

[3] Minutes of RAN1#91, RAN1 chairmanship.


3/3
2018-04-06

