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Introduction
In the last RAN4 #86bis meeting, RAN4 agreed that it is possible to relax the serving cell RRM measurement for WUS-capable UE, as captured in the below way-forward [1]. 
Way-forward on WUS RRM [1]:
· RAN4 confirms that it is feasible to relax the serving cell measurement for low-mobility UEs based on WUS.
· RAN4 shall study and identify the criteria to enable the serving cell measurement relaxation, according to the following principle
· Criteria of relaxed measurement on serving cell shall be more stringent than that of on neighbor cells.
· 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


In this paper, we discuss the remaining open issues of WUS RRM for NB-IoT UE.
Serving Cell RRM Relaxation
Serving Cell RRM Relaxation Criteria
In principle, serving cell RRM relaxation should be allowed only when UE is under low mobility and when the resulting relaxed RRM measurement can still ensure the acceptable RRM performance.
UE’s low mobility condition can be determined by multiple ways. A straightforward way is to follow the same metric used in the neighbor cell RRM relaxation, which is the change in the measured NRSRP since the serving cell was first selected/re-selected, e.g., Srxlev_ref – Srxlev < Srxlev_delta. The difference from the neighbor cell relaxation is that the neighbor cell measurement can be relaxed up to 24 hours while the serving cell measurement relaxation should be limited to a much shorter range. When the serving cell quality gets degraded, UE needs to make a more frequent measurement for a reliable cell reselection decision and hence it is desirable not to relax the serving cell measurement (and neighbor cell measurement) even if the NRSRP level did not change much since the serving cell was selected/re-selected. Such condition can be captured as serving cell S criteria being met with some X dB margin.
Proposal 1. Serving cell RRM measurement can be relaxed at least when the following two conditions are satisfied:
1) Srxlev_ref – Srxlev < Srxlev_delta
2) Serving cell S criteria is met with X dB margin
where Srxlev_ref is the measured NRSRP when the serving cell was first selected/reselected, and Srxlev_delta is the NRSRP delta threshold provided by the network for the relaxed monitoring.
Serving Cell RRM Relaxation Limit
When the paging probability in the network is low, eNB may not transmit WUS most of the time, which limits the use of WUS for the time/frequency synchronization. In such scenario, the time/frequency synchronization performance of the NB-IoT UE is determined solely by the serving cell RRM measurement period. Furthermore, since the serving cell NRSRP is used as one of the criteria for the relaxed monitoring, the measurement period of the serving cell directly affects the reliability/timeliness of UE’s low mobility decision. Considering the aforementioned implications, it is desirable to set a maximum limit on the serving cell RRM relaxation. 
Observation 1. Excessive serving cell RRM relaxation may adversely affect the time/frequency synchronization performance and the RRM performance of the NB-IoT UE, especially under the low paging probability.
In our view, RAN4 can safely relax the serving cell RRM measurement at least up to that of DRX cycle of 10.24s. For instance, an NB-IoT UE that is configured with DRX cycle of 1.28s may perform the idle mode serving cell measurement only every 10.24s instead of every DRX cycle when the relaxation is allowed. This is because the exising RRM core requirements for the serving cell measurement are well defined for up to DRX cycle of 10.24s, e.g., subclause 4.6.2.1, and an NB-IoT UE is supposed to satisfy the existing RRM performance requirements such as the NRSRP/NRSRQ measurement accuracy or transmit timing accuracy when configured with any DRX cycle up to 10.24s. 
Proposal 2. When the relaxation is allowed, serving cell RRM measurement may be performed at least as infrequently as every 10.24s.
Proposal 3. During the period where the serving cell RRM measurement is relaxed, the RRM core/performance requirement based on the DRX cycle of 10.24s should apply regardless of the actual configured DRX cycle.
In principle, the serving cell RRM measurement relaxation beyond the 10.24s measurement period could be considered. However, such relaxation would require a rigorous feasibility study in RAN4 on the potential impact on RRM/demod performance especially in the case where WUS is seldom transmitted.
Minimum Requirement on WUS reception
Since WUS detection is the internal UE processing, WUS detection performance can only be indirectly verified by checking whether UE responds to the paging or not. Probability of the missed detection is of primary interest for the minimum requirement on WUS reception since the missed WUS detection may have a direct consequence of the missed paging. 
Observation 2. WUS detection performance can only be verified indirectly by checking whether UE responds to the paging.
Another important aspect is that WUS-capable UE may skip the WUS detection and decide to directly decode paging occasions. For instance, when the serving cell quality is sufficiently good, NPDCCH decoding could early-terminate reliably most of the time and the extra wake-up to detect WUS may not give much of power saving, if no loss.
Observation 3. For power saving, WUS-capable UE may decide to directly wake up at PO and skip the early wake-up for WUS detection, depending on channel condition.
[bookmark: _GoBack]The consequence of the Observation 2 and 3 is that when the UE responded to the paging, it is difficult to tell whether a UE did so after successful WUS detection or by directly monitoring the PO. Considering this, it is desirable for RAN4 to investigate a reliable way to determine the WUS detection performance prior to defining the relevant minimum requirement.
Observation 4. Successful page response from UE does not necessarily means that UE has detected the WUS.
Proposal 4. RAN4 to investigate a reliable way to determine the WUS detection performance. 

Conclusions
In this paper, we discuss the remaining open issues of the WUS RRM for NB-IoT UE. Observations and proposals made in this paper is summarized as follows.

Proposal 1. Serving cell RRM measurement can be relaxed at least when the following two conditions are satisfied:
1) Srxlev_ref – Srxlev < Srxlev_delta
2) Serving cell S criteria is met with X dB margin
where Srxlev_ref is the measured NRSRP when the serving cell was first selected/reselected, and Srxlev_delta is the NRSRP delta threshold provided by the network for the relaxed monitoring.
Observation 1. Excessive serving cell RRM relaxation may adversely affect the time/frequency synchronization performance and the RRM performance of the NB-IoT UE, especially under the low paging probability.
Proposal 2. When the relaxation is allowed, serving cell RRM measurement may be performed at least as infrequently as every 10.24s.
Proposal 3. During the period where the serving cell RRM measurement is relaxed, the RRM core/performance requirement based on the DRX cycle of 10.24s should apply regardless of the actual configured DRX cycle.
Observation 2. WUS detection performance can only be verified indirectly by checking whether UE responds to the paging.
Observation 3. For power saving, WUS-capable UE may decide to directly wake up at PO and skip the early wake-up for WUS detection, depending on channel condition.
Observation 4. Successful page response from UE does not necessarily means that UE has detected the WUS.
Proposal 4. RAN4 to investigate a reliable way to determine the WUS detection performance. 
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