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Introduction
RAN1 has been discussing a possible relaxation on the serving cell RRM measurement for the WUS-capable UE in order to maximize the power saving from the WUS feature. 

In this paper, we discuss the feasibility of such serving cell RRM relaxation and review any implications to the existing RAN4 requirement.

Discussion
Wake-up signaling (WUS) can provide the power saving for the NB-IoT UE in the idle mode by allowing the UE to skip the costly blind decoding of the NPDCCH at the paging occasions where the associated preceeding WUS is not transmitted. To achieve even higher power saving gain from WUS in the network with a low paging probability, RAN1 also considers a WUS design associating a single WUS transmission with more than one paging occasions, hence allowing UE to wake-up only every a few POs (paging occasions) for the WUS detection. However, it was observed that the actual power saving in such design enhancement could be limited since the idle-mode power consumption in such scenario could be driven by the UE’s RRM measurement, instead of WUS monitoring or NPDCCH decoding. This is because the existing requirement mandates UE to perform the RRM measurement every PO. Therefore, relaxing the RRM measurement period for the WUS-capable UE could help realizing the higher power saving gain for the WUS-capable UE. 

Observation 1. When the paging probability is low and a single WUS is associated with multiple POs, overall power consumption of the WUS-capable UE in the idle mode could be driven by the RRM measurement.

Observation 2. Relaxing the serving cell RRM measurement period can help realizing the higher power saving gain from WUS.

Serving Cell RRM Relaxation Criteria

RRM relaxation for the NB-IoT UE is already discussed in RAN2 for the intra-/inter-frequency neighbor cell measurement, where a UE is allowed to reduce the RRM measurement frequency in case of the low mobility. UE’s low mobility condition is determined by checking that the current NRSRP measurement of the serving cell is within Δ={6,9,12,15}dB from the NRSRP measured at the time when UE first selected/re-selected the serving cell. When the low mobility condition is satisfied, the neighbor cell measurement can be relaxed as much as 24 hours. 

Similar relaxation as the neighbor cell measurement can be also considered for serving cell RRM measurement. Given that the idle mode mobility is one of the main purpose for the serving cell measurement, any relaxation of the serving cell measurement should be also limited to the UE in the low mobility and with acceptable serving cell quality. Determining the low mobility for serving cell measurement relaxation can be done by checking the changes in the measured serving cell NRSRP. For instance, UE may compare the absolute NRSRP difference between the adjacent serving cell measurements with a predetermined threshold, or check the serving cell NRSRP deviation from the one measured at the time when UE first selected/re-selected the serving cell. UE’s serving cell RRM measurement relaxation can be further conditioned with whether the S criteria is satisfied for the measured NRSRP/NRSRQ. The decision criteria for the serving cell RRM relaxation should be tighter than the neighbor cell RRM relaxation such that the UE is not required to perform more frequent neighbor cell measurement than the serving cell measurement.

Observation 3. Serving cell RRM measurement relaxation should be conditioned on the low mobility that can be determined by the absolute/relative changes in the measured NRSRP and/or the validity of S criteria of the measured NRSRP/NRSRQ.


Performance Impact 

To remain resilient to the abrupt change in the serving cell quality, it is desirable to limit the maximum amount of the serving cell RRM relaxation. Suppose the serving cell RRM measurement can be relaxed up by K times, meaning the serving cell NRSRP/NRSRQ is measured every K DRX cycles instead of every DRX cycle. When the serving cell NRSRP starts degrading below the S criteria, the initiation of the measurement of all neighbor cells for possible cell reselection may take up to (Nserv_NB-IoT-NC +K-1) DRX cycles for a UE under the serving cell RRM relaxation, compared to Nserv_NB-IoT-NC DRX cycles without the RRM relaxation. Similarly, the UE decision to cancel the neighbor cell measurement relaxation due to the excess change in the serving cell NRSRP level could be delayed by up to (K-1) DRX cycles. Figure 1 shows an illustration of the delay impact from the serving cell RRM measurement relaxation for different scenarios of cell reselection and the cancelation of the neighbor cell measurement relaxation due to the higher mobility. 



 
Figure 1. Illustration of the impact of the serving cell RRM measurement relaxation for 2x relaxation in the normal coverage: Delay in initiating intra-/inter-frequency measurement of all neighbor cells when the serving cell quality degrades below S criteria (left), Delay in reverting the intra-frequency neighbor cell measurement relaxation (right).

However, as shown in the Figure 1, the UE’s mobility performance with the serving cell RRM measurement relaxation is still comparable to that of a UE under the longer DRX cycle without any serving cell RRM relaxation, which is considered acceptable from the RAN4 perspective. More specifically, by using the measurement/evaluation performance of the DRX cycle length of 10.24s without any serving cell RRM relaxation as the upper bound, the serving cell RRM measurement for a UE under the DRX cycle length of may be relaxed as long as the effective measurement period after the relaxation is less than 10.24s. In case of eDRX, similar relaxation can be allowed for the serving cell measurement within each PTW, provided that the configured PTW length is large enough to accommodate at least Nserv_NB-IoT serving cell measurement of the relaxed serving measurement period.

It is worth to note that the power saving from WUS and the serving cell RRM relaxation is more prominent for the shorter DRX cycles (denser POs) for which the relatively large RRM relaxation is also possible. To this end, our view is that ti is feasible to relax the serving RRM measurement to realize the higher power saving for the WUS-capable UE while maintaining the acceptable cell reselection performance.

Observation 4. A UE employing the K-times relaxation of the serving cell RRM measurement can still achieve the mobility performance comparable to that of a UE under K-times longer DRX cycle without any serving cell RRM measurement relaxation. 

Observation 5. For a given DRX cycle length of  , it is feasible to relax the serving cell RRM measurement by up to K = 10.24/T times while maintaining the acceptable mobility performance achieved by 10.24s DRX cycle.

Observation 6. For eDRX case, the serving cell measurement can be also relaxed within each PTW, provided that PTW length is large enough to accommodate at least Nserv_NB-IoT serving cell measurement of the relaxed serving measurement period.

From the requirement perspective for measuring and evaluating the serving cell, the relaxed effective DRX cycle that is K times larger than the configured DRX cycle can be used for a UE under the K-times serving cell RRM relaxation.
Finally, since the WUS design is still in progress in RAN1/2, it would be beneficial to inform RAN1/RAN2 of the RAN4’s view on the feasibility of the serving cell RRM measurement relaxation for a WUS-capable UE. To this end, the draft LS is prepared in the companion paper [2] with the text proposal for the draft LS captured as below.
Proposal 1. Send LS to RAN1/RAN2 to inform the feasibility of the serving cell RRM measurement relaxation for a WUS-capable UE.

For a WUS-capable UE, it is RAN4’s view that  
· [bookmark: _Hlk506554434][bookmark: _GoBack]It is feasible to relax the serving cell RRM measurement when configured with a DRX cycle shorter than 10.24s 
· Serving cell RRM measurement can be relaxed when at least the following conditions are met:
· Measured NRSRP/NRSRQ meets S criteria with at least TBD dB margin
· Measured NRSRP is within TBD dB from the previous NRSRP measurement, or within TBD dB from the NRSRP measured when the serving cell is selected/re-selected


Conclusions
In this paper, we discussed the feasibility of serving cell RRM measurement relaxation for a WUS-capable UE. Observations and proposals made in this paper is summarized as follows.

Observation 1. When the paging probability is low and a single WUS is associated with multiple POs, overall power consumption of the WUS-capable UE in the idle mode could be driven by the RRM measurement.

Observation 2. Relaxing the serving cell RRM measurement period can help realizing the higher power saving gain from WUS.

Observation 3. Serving cell RRM measurement relaxation should be conditioned on the low mobility that can be determined by the absolute/relative changes in the measured NRSRP and/or the validity of S criteria of the measured NRSRP/NRSRQ.

Observation 4. A UE employing the K-times relaxation of the serving cell RRM measurement can still achieve the mobility performance comparable to that of a UE under K-times longer DRX cycle without any serving cell RRM measurement relaxation. 

Observation 5. For a given DRX cycle length of  , it is feasible to relax the serving cell RRM measurement by up to K = 10.24/T times while maintaining the acceptable mobility performance achieved by 10.24s DRX cycle.

Observation 6. For eDRX case, the serving cell measurement can be also relaxed within each PTW, provided that PTW length is large enough to accommodate at least Nserv_NB-IoT serving cell measurement of the relaxed serving measurement period.

Proposal 1. Send LS to RAN1/RAN2 to inform the feasibility of the serving cell RRM measurement relaxation for a WUS-capable UE.
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