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[bookmark: _Toc520930821]Introduction

RAN#80 approved a Rel-16 WI on “Additional MTC enhancements for LTE” [1][2] specifying a number of areas to investigate, and if possible, specify improvements. Of interest for this paper is: 

	
The objective is to specify the following set of improvements for machine-type communications for BL/CE UEs […]
Mobility Enhancement:
· Specify relaxation of RRM measurements for serving cell for UEs using WUS for at least low mobility UEs [RAN4, RAN2]




Rules for relaxed neighbour cell measurements and wake-up signaling were agreed in Rel-14 and Rel-15, respectively. The relaxed measurement support was further extended in Rel-15 to also allow serving cell measurement relaxation for low mobility NB-IoT UEs.  In this resubmitted paper we investigate if changes are needed to provide similar support for LTE-M.
[bookmark: _Ref511996703][bookmark: _Toc520930822]Discussion
The two different features wake-up signalling (WUS) and relaxed serving cell RRM measurement monitoring were agreed with the motivation that both help reduce UE power consumption by limiting the time that a UE has to be prepared to receive data. Given the design of the two mentioned features there may be occurrences when both features are activated at the same time. Hence, it is necessary to make sure that the interaction of the features is handled in a good way.
Extending this functionality to support also serving cells in BL/CE UEs adds potential issues. One source of such potential issues is that BL/CE UE mobility procedures may be affected by WUS and relaxed monitoring. Do criteria for enabling relaxation in BL/CE UEs need to be updated in order to cater for (connected mode?) mobility procedures?
[bookmark: _Toc525219748][bookmark: _Toc525732793][bookmark: _Toc525732797][bookmark: _Toc525826002][bookmark: _Toc525848748][bookmark: _Toc525886737][bookmark: _Toc525886749][bookmark: _Toc528864884]BL/CE UE mobility procedures may be affected by RRM relaxed monitoring.
[bookmark: _Toc525117899][bookmark: _Toc525219601][bookmark: _Toc525732798][bookmark: _Toc525826003][bookmark: _Toc525848749][bookmark: _Toc525886738][bookmark: _Toc525886750][bookmark: _Toc528864885]Ensure that RRM relaxed monitoring does not deteriorate the performance of low mobility BL/CE UEs.
Wake-up Signal (WUS)
WUS comprises a 1-bit signal that indicates to the UE to monitor a subsequent paging message. The functionality is connected to paging and thus the WUS is only sent if the UE is paged.
The configuration for WUS is broadcasted in the IE RadioResourceConfigCommonSIB(-NB) in SIB2(-NB). When the UE supports WUS and the WUS configuration is broadcasted, then WUS is used to indicate that the UE shall attempt to receive paging in that cell. Upon detection of WUS the UE shall monitor the following N PO(s) (N≥1), unless paged.
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Figure 1 Principle of wake-up signalling [3] 
Relaxed neighbour cell RRM monitoring
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Figure 2 Principle of relaxed monitoring [3]
For similar reasons as for WUS, i.e. to reduce power consumption, the UE can be configured with relaxed neighbour cell monitoring rules. With the help of these rules the UE may refrain from performing some measurements that a legacy UE would need to perform.
The LTE-M and NB-IoT UEs are allowed to perform neighbour cell measurements less frequently when [4]:
-	The relaxed monitoring criterion in sub-clause 5.2.4.12.1 is fulfilled for a period of TSearchDeltaP and
-	Less than 24 hours have passed since measurements for cell reselection were last performed, and
[bookmark: _Hlk525732252]-	The UE has performed intra-frequency or inter-frequency measurements for at least TSearchDeltaP after selecting or reselecting a new cell and since the relaxed monitoring criterion was last fulfilled.
Serving cell relaxations with WUS
However, only NB-IoT UEs support relaxation of measurements in serving cells since Rel-15. When a NB-IoT UE monitors Wake Up Signal (WUS) in Idle mode the UE is allowed to skip serving cell measurements and use WUS for synchronization up to max 10 s, indicated by numDRX-CyclesRelaxed IE in WUS-Config-NB IE [6], provided that the relaxed neighbour cell monitoring criteria is met:
	numDRX-CyclesRelaxed-r15			ENUMERATED {n1, n2, n4, n8},	
See also section 4.6.2.1a in 36.133 and agreed CR in RAN4#88 R4-1811731.
According to the current specification, category M1/M2 UEs are required to perform RSRP/RSRQ measurement on the serving cell and evaluate the cell selection criterion at least every DRX cycle, see below [5]. In other words, serving cell RRM relaxation with WUS was not introduced at that time.
	“The UE shall measure the RSRP and RSRQ level of the serving cell and evaluate the cell selection criterion S defined in [1] for the serving cell at least every DRX cycle.”



[bookmark: _Toc525848750][bookmark: _Toc525886739][bookmark: _Toc525886751][bookmark: _Toc528864886]Current requirement for category M1/M2 and legacy UEs requires the UE to measure every DRX cycle; more stringent requirement than for NB-IoT 
[bookmark: _GoBack]The intention now is to introduce the same “serving cell relaxation with WUS” for LTE-M in Rel-16, if this is found feasible. In order to utilize the benefit of WUS for serving cells in LTE-M, one needs to study the above serving cell measurements rules and ensure that the intended UE power saving from WUS can be achieved without affecting the mobility performance in the network. Such measurement rules and criteria are primarily defined by RAN4, and it is also noteworthy that such criteria were introduced by RAN4 for NB-IoT. For this reason, following proposal is made:
[bookmark: _Toc525219602][bookmark: _Toc525848751][bookmark: _Toc525886740][bookmark: _Toc525886752][bookmark: _Toc528864887][bookmark: _Toc525732799][bookmark: _Toc525826005]	Send LS to RAN4 to ask whether serving cell measurement relaxation at least for low mobility UEs is feasible. If feasible, RAN4 can work on defining the criteria. 

[bookmark: _Toc520930831]Conclusion
Based on the discussion in Section 2 we make the following observations and proposals:
Observation 1	BL/CE UE mobility procedures may be affected by WUS relaxed monitoring.
Proposal 1	Ensure that RRM relaxed monitoring does not deteriorate the performance of low mobility BL/CE UEs.
Observation 2	Current requirement for category M1/M2 and legacy UEs need to measure every DRX cycle; more stringent requirement than for NB-IoT
Proposal 2	Send LS to RAN4 to ask whether serving cell measurement relaxation at least for low mobility UEs is feasible. If feasible, RAN4 can work on defining the criteria.
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