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1	Introduction
New SID on support for reduced capability (REDCAP) devices was approved in RP-193238.
In this contribution we discuss UE power saving and battery lifetime enhancements for REDCAP UE as per the following study item objective:
	Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]




The following was agreed in RAN2#111-e for UE power saving and battery lifetime enhancement:

Agreements:
1. For power saving, for now RAN2 studies extended DRX for idle and inactive modes and RRM relaxation for stationary RedCap devices, and input to be provided to TR 38.875. 



2	Discussion

Many specified features and functions are not supported for NB-IoT such as inter-RAT mobility, handover, measurement reports, public warning functions, GBR, CSG, support of HeNBs, relaying, carrier aggregation, dual connectivity, NAICS, real-time services, interference avoidance for in-device coexistence, RAN assisted WLAN interworking, sidelink communication/discovery, V2X sidelink communication, MDT, emergency call, CS fallback, ACB, EAB, ACDC, SSAC, aerial UE Communication, EN-DC and RRC_INACTIVE. It needs to be discussed which features and functions needs to be supported for RedCap UE. The following use case specific requirements are defined in the study item: 
· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)
· Video Surveillance: As described in TS 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.
· Wearables: Reference bitrate for smart wearable application can be 10-50 Mbps in DL and minimum 5 Mbps in UL and peak bit rate of the device higher, 150 Mbps for downlink and 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).

 3 different use cases including industrial wireless sensors, video surveillance and wearables should be considered. It cam be assumed that it would be beneficial that at least wearable would support connected mode mobility.
Proposal 1: REL15 CONNECTED mode mobility functionality is supported for RedCap
IDLE mode RRM relaxation for stationary devices has already been specified in REL16 for IDLE and INACTIVE mode UEs. Power saving in RRC_IDLE and RRC_INACTIVE is supported by UE relaxing neighbour cells RRM measurements when it meets the criteria determining it is in low mobility and/or not at cell edge. However CONNECTED mode RRM relaxations are not specified.
Proposal 2: RedCap UE can implement REL-16 UE power saving features; it needs to be discussed whether these features are optional or mandatory
Proposal 3: REL-16 NR RRM relaxation procedures are used as a baseline for possible further enhancements 
Proposal 4: CONNECTED mode RRM relaxations are studied further

In REL-16 UEs low mobility criterion is determined by the UE by checking RSRP variation as specified in TS 38.304 


[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: _Hlk54218933]The relaxed measurement criterion for UE with low mobility is fulfilled when:
-	(SrxlevRef – Srxlev) < SSearchDeltaP,
Where:
-	Srxlev = current Srxlev value of the serving cell (dB).
-	SrxlevRef = reference Srxlev value of the serving cell (dB), set as follows:
-	After selecting or reselecting a new cell, or
-	If (Srxlev - SrxlevRef) > 0, or
-	If the relaxed measurement criterion has not been met for TSearchDeltaP:
-	The UE shall set the value of SrxlevRef to the current Srxlev value of the serving cell.














The above criterion is built on basis that signal level change would indicate a change of distance to the serving cell. If the change of distance over time is monitored by the UE, then the UE can monitor its mobility. However, there are multiple hidden assumptions that affects stationarity detection a lot more compared to low mobility detection.
1. Signal level change would indicate a change of distance to the serving cell.
a. Due to the logarithmic nature of path loss, the mapping from signal level change to the change of distance to the serving cell is dependent on the location of the UE. For defining a mobility range, i.e., 7km/h to 15km/h, that may be ok, but for stationarity detection, i.e., 0km/h to 2km/h, this will hinder the detection.
2. Layer 1 (L1) filtering would cancel any effect of shadowing on received signal level.
a. Shadowing is a function of Line of Sight (LoS) probability. LoS probability is a function of distance of the UE to the BS, as emphasized in TR 38.901. To properly filter out the effect of shadowing, L1 filtering should be adapted to the amount of shadowing. When L1 filtering is unaware of shadowing, there will remain shadowing residues in Srxlev, used for stationarity detection. As smaller SSearchDeltaP value is used for stationarity detection, this will hinder stationarity detection more than low mobility detection.
3. Signal level change is cell specific for all UEs.
a. Point 1a discusses how signal level change is location specific. We can detail more examples for how different UEs observe different signal level change when they are stationary. For example, if a UE is equipped with multiple panels and is rotating around itself, it will observe a signal level change related to its antenna gain and the cells antenna gain. Another example would be measurement accuracy or L1 filtering implementation. As the SSearchDeltaP value is expected to get small for stationarity detection all of these effects will hinder the detection.

Proposal 5: RAN2 to study enhancements for REL-16 relaxed measurement criterion for UE with low mobility 

3	Conclusion
In this contribution UE power saving and battery lifetime enhancements for REDCAP UE was discussed, and the following is proposed:
Proposal 1: REL15 CONNECTED mode mobility functionality is supported for RedCap
Proposal 2: RedCap UE can implement REL-16 UE power saving features; it needs to be discussed whether these features are optional or mandatory
Proposal 3: REL-16 NR RRM relaxation procedures are used as a baseline for possible further enhancements 
Proposal 4: CONNECTED mode RRM relaxations are studied further
Proposal 5: RAN2 to study enhancements for REL-16 relaxed measurement criterion for UE with low mobility 




