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1 Introduction

This contribution discusses power control for transmissions with different service requirements, including support for ultra-reliable, low latency communications (URLLC).

2 Uplink Power Control for Different Service Requirements in NR
2.1 Service Differentiation and Uplink Power Control for CA, DC

NR Carrier Aggregation (CA) Case 2 and the corresponding Working Assumption (WA) for power control is discussed in section 2.1 of R1-1802574 [1]. Essentially, Case 2 corresponds to a general case of asynchronicity resulting in arbitrary cases of partial and/or complete overlapping between different uplink transmissions of the same UE. Case 2 is possible due to the support in NR of dynamically variable (i.e., informed by DCI) scheduling-related delay components K1, K2, N1 and N2 with can lead to overlapping transmissions with different start times and durations. For case 2, the WA states that the same prioritization rules and power allocation principles are used as for case 1, with the exception that “scaling or dropping of the whole or part(s) of a transmission is left to UE implementation” and that “look-ahead is not required at the UE” for power control. This WA is similar to agreements made for LTE CA with support for ShTTI.
One consequence of the WA for NR CA Case 2 is that it is up to the UE implementation to determine whether a transmission containing data for a high priority service (e.g., URLLC) will be dropped, scaled, or allocated sufficient power when the UE is power-limited and scheduled with at least one other, overlapping, transmission that contains data for a service of lesser priority (e.g., eMBB). This can happen if the scheduling information for the higher priority transmission is not yet available when the UE allocates power to the lower priority transmission.

Observation 1:
NR CA does not support differentiation in priorities between service types e.g., URLLC/eMBB.

The assumption underlying the WA is thus that the single scheduler handling carrier aggregation for a UE can avoid any negative impacts (e.g., dropping of the initial transmission for URLLC) whenever possible e.g., by not scheduling any overlapping transmission of lower priority when scheduling URLLC data, or that it can at least detect (e.g., from the received power levels of URLLC transmissions) and mitigate (e.g., by properly scheduling retransmissions for URLLC) such negative impacts. For NR CA, a scheduler implementation may thus mitigate negative impacts that would impair its ability to ensure QoS guarantees for very stringent services arising from discrepencies in UE power allocation behavior for case 2. 

Observation 2:
The negative impacts to URLLC due to the lack of differentiation in priorities between different service types may be somewhat mitigated by scheduler implementations for NR CA Case 2.
However, the UE receives scheduling information from two, independent, uncoordinated schedulers when configured for dual connectivity, either with NR DC or with EN-DC. Overlapping transmissions scheduled by differnet schedulers will thus contend for the UE’s total available power. It may be much more challenging than for NR CA Case 2 for network implementation to enforce mitigate the impact of incorrect power allocation, scaling and/or dropping to high-priority transmissions and to ensure that their reliability and/or latency requirements are met for any type of UE implemetation.

Observation 3:
It may be challenging, if possible at all, for network implementations to meet and/or guarantee the reliability and/or the latency requirements of URLLC services for NR DC and for EN-DC unless some form of service differentiation is supported for power control in NR.

Consequently, the following is proposed:
Proposal 1:
NR supports efficient service differentiation for power control for NR DC.
Furthermore, RAN1 should consider means for the UE to efficiently allocate power when transmissions with high reliability and/or low latency requirements for any cases where such may overlap with other transmissions.
Proposal 2:
NR supports efficient service differentiation for power control for NR CA.
It would be desirable to have the same UE behavior to address any case of service differentiation in power control for a UE configured with CA or DC when at least one URLLC service is also configured for the UE.
2.2 Design Objectives for Power Control for Service Differentiation
NR power control should support service differentiation for overlapping transmissions related to a specific service (e.g., PUSCH, PUCCH including UCI, D-SR) with the following objectives:

· Transmissions for high priority services are always prioritized when the UE is power limited, e.g., by means of grouping of transmissions only with similar priorities;

· Avoid power starvation / dropping of transmissions for high priority services, e.g. by means of power reservation for different groups of transmissions; 

· Network control with predictable UE behavior e.g., specified using configurable Power Control Modes (PCMs).

The framework discussed in R1-1802574 [1] for extending LTE’s PCM2 can be further extended to achieve the above.
2.3 Power Control Framework for Service Differentiation

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. This can be further included in the power control framework proposed in R1-1802574 [1].
R1-1802574 [1] addresses uplink power control for NR with the aim at maximizing the usage of the UE’s total available power at any given time for all possible deployment scenarios including EN-DC, NR CA and NR DC. 

It discusses a mechanism for power sharing between groups of transmissions similar to the PCMs of LTE for NR DC, but also for NR CA and EN-DC. It further explains how the principles of LTE’s PCM1 and PCM2 can be extended given new considerations introduced by NR, including dynamically variable (i.e., informed by DCI) scheduling-related delay components.

Essentially, R1-1802574 [1] proposes to extend PCM2 to handle dynamically varying timing differences between different transmissions by extending the “cell-based” grouping used in LTE to additionally support grouping based on e.g., at least the start time and duration of uplink transmissions. A UE would then have means to efficiently share its total available power and allocate power to different groups of transmissions in a well-defined manner, under network control i.e., based on network configuration of the grouping and their respective minimum guaranteed power level. 
It is thus proposed that extensions to PCM2 discussed in R1-1802574 [1] could further include means for the network to configure grouping for service differentiation e.g., at least a group for URLLC type of transmissions.

Consequently, the following is proposed:

Proposal 3:
NR supports an uplink Power Control Mode (PCM) with service differentation.

Proposal 4:
NR PCM supports grouping of transmissions with similar transmission requirements. Details FFS.

Proposal 5:
Service differentiation for NR PCM supports power reservation for different groups of transmissions.

Transmissions associated to similar service requirements could then be part of the same group. The method to associate a transmission to a specific service requirement could be FFS. As an example, this association could be based on the LCH mapping already supported for LCP, or it could be based on a transmission profile associated to a LCH (or LCG) which transmission profile could be signalled in the DCI as part of the grant information.
Each group could then be configured with a minimum guaranteed fraction of PCMAX. A group configured for high reliability and/or low latency could be configured with a higher minimum guaranteed power level. The UE would then associate a transmission (e.g., PUSCH) for a transport block (TB) that would include data for such LCH (or LCG) the such group. Similarly, the same could be applied to other transmissions (e.g., PUSCH, PUCCH) for other information related to such LCH (or LCG) e.g. for the transmission of a BSR, SR and/or UCI.
The UE could perform allocation of power over 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 (PCDP) of an UL transmission as suggested in R1-1720707 [2]. The configuration of such period could be based on the processing (i.e., “look-ahead”) capability of the UE, and a value of zero should be supported.
3 Conclusion
This contribution discusses support fo service differentiation in power control for NR in support of high-reliability and/or low latency services e.g., URLLC. RAN1 should discuss the above and agree to the following:
Observation 1:
NR CA does not support differentiation in priorities between service types e.g., URLLC/eMBB.

Observation 2:
The negative impacts to URLLC due to the lack of differentiation in priorities between different service types may be somewhat mitigated by scheduler implementations for NR CA Case 2.
Observation 3:
It may be challenging, if possible at all, for network implementations to meet and/or guarantee the reliability and/or the latency requirements of URLLC services for NR DC and for EN-DC unless some form of service differentiation is supported for power control in NR.

Proposal 1:
NR supports efficient service differentiation for power control for NR DC.
Proposal 2:
NR supports efficient service differentiation for power control for NR CA.
Proposal 3:
NR supports an uplink Power Control Mode (PCM) with service differentation.

Proposal 4:
NR PCM supports grouping of transmissions with similar transmission requirements. Details FFS.

Proposal 5:
Service differentiation for NR PCM supports power reservation for different groups of transmissions.

4 References
[1] R1-1802574, “Power Control for NR DC”, InterDigital, Inc.

[2] R1-1720707, “Power control for NR CA” Qualcomm Incorporated.

3/3
2018-02-16

