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1. Introduction
In this paper, we discusses some enhancements for power control with multiple numerologies from RAN2 perspective in NR.
2. Discussion
Power control is important in wireless communication system. The transmission quality can be guaranteed whilst the mutual interference among UEs can be minimized via power control. In LTE, the basic principle for power control is that the maximum transmission power within a transmission interval should not exceed Pcmax. If the transmission power is expected to exceed Pcmax, UE will perform the power back off scheme that the transmission power on some channels should be reduced. In LTE, the relationship among the priority of each physical layer channel or signal in power control is given below [1]:

PRACH > HARQ-ACK = SR > CSI > PUSCH without UCI > SRS

Furthermore, in subframe i, the PUSCH transmission power should be reduced according to [1]:
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w(i) is the power back off coefficient which is used to scale the PUSCH transmission power in subframe i. The value of w(i) is determined based on the UE implementation. According to the equation, we can confirm that the PUSCH has lower priority than the PUCCH in power control, whilst the PUSCH on different carriers has the same priority. 
Observation 1: In LTE, the power control within a channel depends on UE implementation.
In NR, due to support of different set of physical layer parameters, multiple numerologies can be configured in FDM or TDM within a cell or cross cells. Different numerology may be defined to support different services in NR. Numerology with high priority or short TTI is expected to serve services/bearers with higher priority or with requirement of short latency.  Leaving the power control to the UE implementation in this case seems a simple but inefficient way. Furthermore, service with high priority cannot be treated differently compared with service with low priority. 
Observation 2: Priority information can help UE to perform power control in NR.

Based on the above observations, we think numerology or service priority needs to be investigated for the power control in NR.

Proposal 1: The numerology or service priority needs to be taken into consideration for power control in NR.
Option 1: numerology/TTI based priority
This solution is to perform power scaling based on numerology/TTI priority. Therefore, data transmitted on different numerology/TTI can be treated differently from the power control perspective. In LTE, power control is mainly a RAN1 issue since no priority concept is used. In order to use the priority concept in NR for the power control, the priority information of the numerology/TTI should be hardcoded in the specification or be delivered to the PHY from the higher layers. For example, the power back off coefficient w(i) for each numerology/TTI can be configured via higher layer signalling. 
Proposal 2: The numerology/TTI priority for power control can be defined/configured in NR.
Option 2: service based priority
This solution is to perform power scaling based on service priority. In NR, a single numerology/TTI can be associated with multiple logical channels and a single logical channel can be associated with multiple numerologies/TTIs. When generating a MAC PDU for transmission on a specific numerology/TTI, multiple logical channels of different priorities and requirements will be multiplexed. For example, the MAC PDU transmitted on grant of high priority may only contain low priority data if the high priority data is exhausted. In this case, MAC PDU can be treated with lower priority, although transmitted on a high priority numerology/TTI. However, only MAC layer knows the data contained within the MAC PDU exactly. Therefore, the MAC could indicate the PHY layer the priority of the generated MAC PDU upon delivery of the corresponding MAC PDU from the MAC to the PHY layer.
Proposal 3: MAC might indicate the PHY layer the priority of the MAC PDU based on the service type.
Based on the above analysis, an LS may be needed to inform RAN1 the consideration and progress on power control with multiple numerologies/TTIs in RAN2.

Proposal 4: An LS may be needed to inform RAN1 the consideration and progress on power control with multiple numerologies in RAN2.
3. Conclusion
In this contribution, we analyze power control mechanism in NR to support the introduction of multiple numerologies, and we have the following observations and proposals:
Observation 1: In LTE, the power control within a channel depends on UE implementation.
Observation 2: Priority information can help UE to perform power control in NR.

Proposal 1: The numerology or service priority needs to be taken into consideration for power control in NR.

Proposal 2: The numerology/TTI priority for power control can be defined/configured in NR.

Proposal 3: MAC might indicate the PHY layer the priority of the MAC PDU based on the service type.

Proposal 4: An LS may be needed to inform RAN1 the consideration and progress on power control with multiple numerologies in RAN2.
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