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1 Introduction
At previous RAN4#86bis meeting, RAN4 discussed minimum requirements for WUS reception based on arguments presented in [1]. The potential impact on paging reception due to WUS was identified, and following agreement was made in [2]:
	· RAN4 shall define minimum requirement on WUS reception to avoid potential missing paging. 

· Interested companies are encouraged to provide input on how to define the requirements




We have presented detailed proposals on how the minimum WUS requirements can be specified in [1]. The agreement was postponed for next meeting since companies wanted time to not check. In this contribution, we present our proposal on how the WUS requirements can be defined in RAN4.   

2 Discussions 
RAN1 and RAN2 are currently in the final stage of completing WUS signal design. RAN4 is needs to develop corresponding RRM requirements to guarantee WUS reception minimum performance, as discussed below. 
Due to the physical design of the WUS, the information content of WUS can reach same coverage level as xPDCCH but using much fewer repetitions. In the case of xPDCCH (NPDCCH or MDCCH), the maximum coverage is defined by Rmax, and the UE is required to receive until the last reception before a failure can be declared. Similarly, WUS signals are also transmitted using repetitions, and the maximum WUS repetition is likely to be specified by RAN1. RAN4 needs to define requirements specifying the minimum WUS reception performance.
Typically, the number of WUS repetitions required by the UE to decode the WUS signal increases with the DRX cycle length, and it further increases with the supported CE level. The UE needs large number of WUS repetitions in long DRX cycles and under increased CE level to receive WUS, e.g. at low SINR (e.g. down to -15 dB in CE2) and also when the UE has coarse synchronization wrt serving cell (e.g. due to longer inactivity). This is elaborated with few specific examples below.
Currently there are no requirements defined for WUS receptions, and lack of requirements can severely affect the WUS reception performance in the UE, and therefore also the xPDCCH reception performance. The consequences are twofold. 
Firstly, the UE may miss the paging, and may not respond to the NW request if UE has been monitoring the paging for too short duration. This may result in waste of network resources as it may continue to page over larger scale. 

Secondly, if UE has been monitoring paging for too long time, it may not achieve the power-saving gain that it can potentially achieve with WUS. Hence, we see a need to define WUS requirements. Without any explicit WUS requirements, paging reception can fail for different reasons. One obvious reason for failure is simply because UE fails to receive the control channel. But another reason could be failure because UE has failed to decode the WUS signal. The latter case can be avoided by specifying WUS minimum reception performance which we are advocating in this contribution. 

In brief, the required number of repetitions in order to successfully decode WUS depends on two factors which are coverage level and configured DRX cycle, as shown in Table 1 and 2 below.  The UE shall be able to successfully decode WUS provided the minimum repetitions in the tables. The repetitions can be derived and specified based on simulation results. 
Table 1: An example of WUS repetition level UE shall assume for normal coverage level

	DRX cycle length [s]
	Required number of repetition of WUS signal

	1.28
	TBD

	2.56
	TBD

	5.12
	TBD

	10.24
	TBD


Table 2: An example of WUS repetition level UE shall assume for enhanced coverage level

	DRX cycle length [s]
	Required number of repetition of WUS signal

	1.28
	TBD

	2.56
	TBD

	5.12
	TBD

	10.24
	TBD


Based on the discussions above, we see a need to introduce WUS reception performance for NB-IOT/MTC in release 15 in order to guarantee minimum paging performance.
· Proposal: RAN4 shall specify minimum requirements for WUS reception for Rel-15 MTC/NB-IOT as proposed in Table 1 and 2.
3 Summary 
In this contribution we have discussed RRM impact of the wake-up signal which is introduced in RAN1/RAN2 for release 15 MTC/NB-IOT to achieve power-saving in the UE. Based on the discussions, we have identified a need to introduce minimum requirements for WUS reception. Thus following proposal is made:
· Proposal: RAN4 shall specify minimum requirements for WUS reception for Rel-15 MTC/NB-IOT as proposed in Table 1 and 2.
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