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1 Introduction

In RAN#75, a work item (WI) proposal for New Radio was approved [1]. One objective of the WI is to specify the MAC sub-layer for NR, including the mechanisms for UE power savings. 
TR 38.802 [2] states that for phase 1, carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non- contiguous spectrum from both NW and UE perspectives is supported. Carrier aggregation including different carriers having same or different numerologies is supported. From RAN1 specification perspective, maximum channel bandwidth per NR carrier is 400MHz in Rel-15. Note that all details for channel bandwidth at least up to 100 MHz per NR carrier are to be specified in Rel-15. 
In RAN2#97bis, DRX was discussed briefly, and the following agreements were reached [4]:

Agreements on DRX

-
A MAC entity can be in one DRX state (i.e. single on/off time) at any given time.  FFS if multiple configurations are supported.

-
When MAC entity is awake it monitors “PDCCH” occasion 

-
In NR, a DRX configuration is described by at least the following configuration parameters: an on duration time, an inactivity time, a retransmission time, short DRX cycles, long DRX cycles


This contribution discusses power savings in NR in relation to carrier aggregation (CA). Our companion contribution discusses C-DRX operation for multiple numerologies in NR [7].
2 Power Savings for NR

In LTE, MAC Activation/Deactivation can be used for a UE configured with one or more SCells for carrier aggregation (CA) [5]. Network-based Activation/Deactivation of SCell(s) can be used to adapt the available instant data rates by varying the amount of carriers (and thus the total bandwidth) available to the scheduler. A UE may then save power by retuning its RF front end accordingly. Such procedure results in greater power savings than employing separate DRX states for each carrier. Therefore, carrier activation/deactivation procedure should be maintained in NR per MAC entity, especially given the larger number of carriers anticipated for CA. 
Proposal 1:
The MAC entity’s NR cells/carriers may be activated/deactivated using a power savings procedure.
When carriers are deactivated and the network needs to schedule the user on multiple carriers in response to a large burst of data arrival, Carrier Activation allows for instantaneous scheduling among all carriers. To provide such autonomy to the scheduler, L2 signalling, such as MAC CEs, may be used to activate/deactivate carriers on a dynamic scale. 
Proposal 2:
NR cells may be activated/deactivated via MAC CE signalling.
In LTE, the same DRX Active Time applies to all activated serving cells, and a common DRX is employed among all active serving cells. This makes sense in LTE, as all carriers have the same numerology, TTI duration, and the same control channel structure.

In NR, carriers may have different supported numerologies to support different services. The control channel structure designed by RAN1 for different numerology is different from LTE’s. An NR UE monitors one or more control resource set (coreset), where a coreset is a set of resources under a given numerology on which the UE blind decodes DCI. There is one search space per coreset, as search spaces in different coresets are defined independently. Each search space contains multiple control candidates (sets or NR CCEs), where CCEs may occupy different number of OFDM symbols and different PRBs in the frequency domain within the carrier bandwidth. The resource mapping for each coreset is provided by the gNB to the UE [2]. In addition, an NR UE can be configured to “monitor DL control channel” in terms of slots or OFDM symbols with respect to the numerology of the DL control channel [4]. So for each coreset, the UE does not have monitor the PDCCH on every slot and on every configured symbol for the given coreset.
Given the control channel structure may differ significantly between NR carriers, a common DRX configuration for all serving cells may not make sense for NR. Instead, a DRX state shall be configured with multiple DRX configurations corresponding to the corsets the UE is configured to monitor, as proposed on our companion contribution on DRX [7]. Each DRX configuration is therefore tailored to the time-frequency domain resources the UE blind decode the PDCCH on for each coreset. 

Proposal 3:
The MAC entity’s DRX state should not assume a common DRX configuration for all active NR serving cells.

In essence, the UE DRX state can be set according the active carriers and their corresponding DRX configuration for the UE’s MAC entity. If a common DRX is really desired, it can be modelled through having a single DRX configuration that associates the multiple coresets on different carriers; the single configuration would have time-frequency domain parameters configured to meet the blind decoding requirements for all coresets involved.
Proposal 4:
The MAC entity’s DRX state is configured considering the DRX configurations corresponding to the active serving cells

3 Conclusion

In this contribution the following observations and proposals we made related to UE Power Savings with CA:
Proposal 1:
The MAC entity’s NR cells/carriers may be activated/deactivated using a power savings procedure.

Proposal 2:
NR cells may be activated/deactivated via MAC CE signalling.
Proposal 3:
The MAC entity’s DRX state should not assume a common DRX configuration for all active NR serving cells.
Proposal 4:
The MAC entity’s DRX state is configured considering the DRX configurations corresponding to the active serving cells.
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