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1. Introduction 

A new study item on reduction of UE power consumption has been approved, including the following objectives [1]:

1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

i) Network and/or UE assistance information
ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme

b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics

2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]
3)  Study the enhancement of higher layer procedures for UE power saving   [RAN2]
a) Study the enhancement of  UE paging procedure based on the additional power saving signal/channel/procedure

b) Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  

This document considers the second aspect of the study: UE power consumption reduction in RRM measurements. Specifically, the document considers the following aspects:

· SFN-based paging and measurements
· Relaxation of RRM measurement requirements

· Use of additional RS in order to improve the accuracy of RRM measurements
· UL mobility as an alternative to performing RRM measurements

2. Methods for reducing RRM-related power consumption
The RRC message setup / release latency can be significantly shortened if the UE camps on the cell in RRC_INACTIVE state rather than RRC_IDLE state [3]. In this case, the RRC_IDLE state would only be used for initial access.
While in RRC_INACTIVE state, the UE needs to perform RRM measurements in order to determine whether it should camp onto a new cell and it needs to monitor for paging. The power consumption in performing these tasks may be greater in NR, compared to LTE, due to the likely multi-beam deployments for NR [3], although it is likely that a UE would be expected to camp on FR1 for coverage, rather than FR2. FR1 deployments are expected to support fewer beams than FR2 deployments.
Methods that have previously been proposed by other companies for reducing UE power consumption [2], [3], [4] include:

· Cells within a RAN-based notification area send SFN synchronization signals and SFN paging [3].

· Relaxation of RRM measurements targeting UEs that are either stationary or have low mobility [2]. These techniques have been applied in NB-IoT and eMTC, where UEs such as utility meters are typically known to be stationary. In NR eMBB, CPE-type UEs may be stationary, meaning that relaxation of RRM measurements may be applicable to NR eMBB CPE-type UEs, if such UEs might be battery powered. 
· Improvement in the accuracy of one shot L1 RRM measurements through the use of additional RS for RRM measurement [4]. An NR base station is already able to very flexibly configure CSI-RS in RRC_CONNECTED mode. Study on the use of additional RS for RRM measurements should hence be restricted to IDLE / INACTIVE mode.  
· Reduction in the number of intra and inter-frequency neighbor cells that need to be measured [4]. This would appear to be a network implementation feature that does not require standardization.
3. UL-based mobility
UL-based mobility was studied in the Rel-14 study item for NR and the following observations were made in TR38.802 [5].
-
For CONNECTED_ACTIVE state, compared to LTE DL measurement baseline with 5 ms SS (Synchronization Signal) periodicity and CRS:

-
In synchronized deployment, UL measurements can provide a handover performance and / or potential UE power consumption gain in some scenarios, e.g. dense deployments with low number of UE’s per TRP, high speed, with a potential cost of increased UL resource and potential NW backhaul signaling overhead depending on NW architecture and potential reduction in over the air signaling overhead, 

-
For CONNECTED_INACTIVE state, compared to LTE DL measurement baseline with 5 ms SS (Synchronization Signal) periodicity and CRS

-
In synchronized deployment, UL measurements with synchronization signals transmitted in SFN mode can provide a paging reliability performance and / or UE power consumption gain in some scenarios, , e.g. dense deployments, rural high way, with a cost of increased UL resource and potential NW backhaul signaling overhead depending on NW architecture and potential reduction in over the air signaling overhead.

The power consumption reductions through the use of UL mobility are obtained through needing to perform fewer measurements and needing to report fewer measurements. Even though the UE has to transmit some form of UL reference signal to support UL mobility, the overall power consumption for UL mobility is less than for DL mobility in some scenarios. Hence it is proposed that RAN1 studies the use of UL mobility as a means of reducing RRM measurements and hence reducing UE power consumption.  
4. Proposals
This document has reviewed techniques that can be applied for reduction of UE power consumption through reduction in RRM measurements. We propose that RAN1 further studies a set a techniques to reduce UE power consumption via reduction in RRM measurements.
Proposal: RAN1 further studies the following techniques for reduction in UE power consumption through reduction in RRM measurement:

· SFN-based synchronisation and SFN-based paging

· Relaxation of RRM measurement requirements

· UL-based mobility
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