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1 Introduction
The objectives of Rel-16 UE power saving was approved in [1]. Up to now, RAN2 has discussed this SI for two meetings. However, from the objectives of the SID and the RAN2 discussion, it is not crystal clear whether the UE power saving in MR-DC scenarios should be in the scope of SID or not. So in this contribution we would like to clarify this aspect and analyse whether any additional issue RAN2 needs to discuss in order to support UE power saving in MR-DC scenarios.   
2 Discussion
According to the SID, the objective is to study UE power saving framework in NR network. In Rel-15, there could be three types of network deployment where NR is involved, i.e. NR SA, MR-DC with NR as MN (i.e., NE-DC and NR-DC) and MR-DC with NR as SN only (i.e. EN-DC and NG EN-DC). In our understanding, the justification for UE power saving in NR network as stated in the SID should be applicable no matter whether the NR is standalone or the NR is as MN or SN in MR-DC. If it is the common understanding among companies, it is better that RAN2 could confirm this understanding.
Proposal 1: RAN2 to confirm that the UE power saving in NR network in MR-DC scenarios are within the scope of the SID.

According to the SID and RAN2 discussions up to now, the potential enhancements for the UE power saving include the following aspects:

1. Power saving enhancements of paging procedure
1.1) Idle DRX enhancement to support paging cycle of 5.12s and 10.24s.
1.2) Paging procedure enhancement to reduce the false alarm rate of PDSCH reception.

2. Efficient transition from RRC connected to RRC Idle/Inactive

2.1) Enable a mechanism for a UE to indicate to the network its preference of transitioning out of RRC_CONNECTED.
3. Power saving in RRC connected

3.1) The impact of PDCCH-based WUS to C-DRX.
3.2) RAN2 impact of DCI-based PDCCH skipping.

3.3) Power saving enhancement for CA and BWP operation.

3.4) Potential C-DRX enhancements.

3.5) UE assistance information for frequency, time, antenna domain configuration and DRX configuration.

4. Power consumption reduction in RRM measurements

4.1) RRM measurement relaxation in RRC Idle and RRC Inactive.

4.2) RRM measurement relaxation in RRC Connected.
When the UE is configured with MR-DC, it means the UE has already entered into the RRC Connected state. So for MR-DC, the potential enhancements listed above that only apply to RRC Idle, which include item 1.1), 1.2) and 4.1), are not needed when the UE is configured with MR-DC. The RRC state transition will be controlled by the MN, so the item 2.1) is only applicable to the MR-DC with NR as MN. The remaining items, i.e., all the items of 3 and item 4.2) are applicable to all of the MR-DC scenarios. For example, in EN-DC scenario, the gNB can configure the PDCCH-base WUS to the UE in order to reduce the PDCCH-only monitoring of NR Uu interface.
Observation 1: For the MR-DC with NR as MN, the above item 2.1), 3.1) – 3.5) and 4.2) should be applicable.

Observation 2: For the MR-DC with NR as SN, the above item 3.1)-3.5) and 4.2) should be applicable.

For MR-DC with NR as MN, it is obvious that the enhancements for all the above applicable items developed for NR SA can be enabled. For the MR-DC with NR as SN, most of the enhancements for the above applicable items except the item 3.5) developed for NR SA can also be enabled. For item 3.5), the UE assistance information reporting procedure for NR SA would not be the same as for MR-DC with NR as SN. In NR SA, the UE assistance information message is conveyed via the NR SRB1, however, in MR-DC with NR as SN, there is no such NR SRB1. So for this case, RAN2 needs to discuss how to transfer the UE assistance information for power saving to NR which is configured as SN. 
In the current specification, the transfer of UL NR RRC messages such as MeasurementReport and FailureInforamtion in EN-DC is either via NR SRB3 or is included as a container in the LTE message ULInformationTransferMRDC, which way to go would depend on whehter the UE is configured with SRB3[2][3]. We think such mechanism can be applied for the transfer of UE assistance information for power saving. In other word, in MR-DC with NR as SN, the UE assistance information for power saving is either conveyed via the NR SRB3 or included as a container in the LTE message ULInformationTransferMRDC.
Proposal 2: For the MR-DC with NR as SN, to enable the transfer of UE assistance information for power saving to NR SN, the UE assistance information for power saving is either conveyed via the NR SRB3 or included as a container in the LTE message ULInformationTransferMRDC.
3 Conclusion

In this paper we discuss UE power saving in MR-DC scenarios, and have the following proposals:
Observation 1: For the MR-DC with NR as MN, the above item 2.1), 3.1) – 3.4) and 4.1) should be applicable.

Observation 2: For the MR-DC with NR as SN, the above item 3.1)-3.4) and 4.1) should be applicable.

Proposal 1: RAN2 to confirm that the UE power saving in NR network in MR-DC scenarios are within the scope of the SID.

Proposal 2: For the MR-DC with NR as SN, to enable the transfer of UE assistance information for power saving to NR SN, the UE assistance information for power saving is either conveyed via the NR SRB3 or included as a container in the LTE message ULInformationTransferMRDC.
The corresponding TP is provided in section 5
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5 Text Proposal
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4
Introduction

UE battery life is an important aspect of the user's experience, which will influence the adoption of 5G NR handsets and/or services. It is critical to study UE power consumption to ensure that UE power efficiency for 5G NR UEs can be better than that of LTE, and techniques and designs for improvements are identified and adopted.
ITU-R defines energy efficiency as one of the minimum technical performance requirements for IMT-2020. According to ITU-R report – Minimum requirements related to technical performance for IMT-2020 radio interface(s), "energy efficiency of the device can relate to the support for the following two aspects: a) Efficient data transmission in a loaded case; b) Low energy consumption when there is no data. Efficient data transmission in a loaded case is demonstrated by the average spectral efficiency. Low energy consumption when there is no data can be estimated by the sleep ratio".
Because NR system supports high speed data transport, the bursty user data would be served by network in very short durations.  One efficient UE power saving mechanism is to trigger UE for network access from power efficient mode.   UE would stay in the power efficient mode, such as micro sleep or OFF period in the long DRX cycle, unless it is informed of network access through UE power saving framework. Alternatively, network can assist the UE to switch from the "network access" mode to the "power efficient" mode when there is no traffic to deliver, e.g. dynamic UE transition to sleep with network assistance signal. 
In addition to minimizing the power consumption with the new wake up/go-to-sleep mechanism, it is equally importance to reduce the power consumption during the network access in RRC_CONNECTED mode.  More than half of the power consumption in LTE is UE in the access mode.   The power saving scheme would focus on minimizing the dominate factor of power consumption during the network access, which includes the processing of aggregated bandwidth, number of active RF chains and active reception/transmission time, and dynamic transition to power efficient mode.   From the field data collected in the LTE network, most of subframes contain no data or small data.   The power saving scheme for the dynamic adaptation to the different data arrival should be studied in RRC_CONNECTED mode. Dynamic adaptation to traffic in different dimensions, such as carrier, antenna, beamforming, and bandwidth, would be studied in the studied.  Furthermore, methods to enhance the transitions between "network access" mode and power efficient mode should be considered.   Both network-assisted and UE-assisted approaches should be considered for UE power saving mechanism.
UE also consumes a lot of power for RRM measurements.  In particular, UE would need to power up before the DRX ON period to track the channel in preparation for the RRM measurement.  Some of the RRM measurements are not necessary but consumes a lot of UE power, for example, the low mobility UEs does not have to measure as frequent as   high mobility UEs. Network would provide the signalling to assist UE to reduce the power consumption on unnecessary RRM measurements. Additional UE assistance, for example the UE status information, etc, is also useful for the network to enable the UE power consumption reduction on RRM measurements.
The study of UE power saving is to identify the feasibility and benefit of techniques to allow UE implementations which can operate with reduced power consumption. The study of the UE power saving framework would also take into consideration of latency and performance in NR as well as network impact. The study of the UE power saving in NR network include both of the NR SA and MR-DC scenarios.
6.3
Higher layer procedures for the UE power saving schemes in RRC_CONNECTED

The higher layer procedure for the UE power saving schemes includes the required signalling and procedures (when needed) for the proposed power saving schemes in Section 5.   

The PDCCH-based power saving signal/channel scheme for wake-up purpose is considered jointly with DRX and is only configured when DRX is configured. If the PDCCH-based power saving signal/channel for wake-up purpose is not configured, the legacy DRX operation applies. The higher layer procedure in support of the PDCCH-based power saving signal/channel scheme for wake-up purpose should be studied for its adaptation to DRX operation (Section 5.1.4). 
When configured, the PDCCH-based power saving signal/channel scheme for wake-up purpose is monitored at occasions located at a known offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
The higher layer procedure in support of DCI-based PDCCH monitoring skipping should be studied to achieve PDCCH monitoring/decoding reduction (Section 5.1.5). If enabled, it is assumed that DCI-based PDCCH monitoring skipping can be configured with or without DRX.
The concept of a timer-based uplink BWP switching mechanism, similar to the current mechanism used for the DL BWP, is not supported in Rel-16.

Power consumption gains can be achieved in CA configuration by reducing PDCCH monitoring in SCells.

UE assistance for DRX configuration should be studied.
For EN-DC and NG EN-DC, the UE assistance information for power saving is either conveyed via the SRB3 or included as a container in the LTE message ULInformationTransferMRDC.
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