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1. Introduction

RAN4 discussed and confirmed the feasibility of serving cell measurement relaxation for low-mobility UE based on WUS. However, the detailed criteria have not been decided yet. Corresponding agreements are captured in the approved WF [1].
In this contribution, we will further discuss the criteria of serving cell measurement relaxation for WUS-capable UE. After discussion some proposals are provided.
2. Discussion
In [1] RAN4 agreed on some high level principle when defining criteria of relaxed measurement on serving cell for WUS-capable UE:
· Criteria of relaxed measurement on serving cell shall be more stringent than that of on neighbor cells.
The background is that in Rel-15 a low mobility NB-IoT is allowed to relax RRM measurement for neighbor cell as long as the relaxed monitoring measurement rules defined in TS36.304 section 5.2.4.12 are met. Such relaxation mainly apply for low mobility UE and it is for power saving. Note that according to current specification UE has to perform RRM measurement for serving and all the neighboring cells once every DRX cycle. That means even UE can meet neighbor cell measurement relaxation rules and drop neighbor cell measurement, UE still need to wake up every DRX cycle to measure its own serving cell. Thus on top of such relaxed measurement on neighbor cells, people seek more power saving opportunities. And then the feasibility of serving cell measurement relaxation was confirmed. In order to increase the efficiency of these power saving schemes, we need to jointly consider the relaxation of measurement serving and neighbour cells. Below is a table to summarize the “state” of measurement when considering both relaxed measurement on neighbour and serving cells:

	
	Triggered or not
	Triggered or not
	Triggered or not

	Scheme 1 (relaxed neighbour cell meas.)
	√
	√
	X

	Scheme 2 (relaxed serving cell meas.)
	√
	X
	√

	Consequence (UE state)
	State 1: 

relaxedly measure serving and neighbour cells
	State 2: 

normally measure serving cell while relaxedly measure neighbour cells
	State 3: 

normally measure neighbour cells while relaxedly measure serving cell


State 1 is quite straightforward: probably it is a stationary UE and it can meet the conditions of relaxed monitoring on all the serving and neighbour cells. Thus UE will do serving cell measurement every N DRX cycles to check if there is paging and if it can still maintain relaxed measurement on neighbour cells

State 2 is the case that a low mobility UE is moving in certain direction. Since scheme 1 and 2 may have different triggered condition, it could be possible that UE in somewhere can relaxed measurement on neighbour cell while keep serving cell measurement. If suddenly neighbour cell measurement is needed, it can still be triggered by regular serving cell measurement.

State 3 is also the case that a low mobility UE is moving in certain direction. Since scheme 1 and 2 may have different triggered condition, it could be also possible that UE somehow can meet the conditions of relaxed serving measurement while not meet the conditions of neighbour cell measurement. More specifically, UE now is doing measurement on serving cell for every N DRX cycles while doing measurement on neighbour cells for every DRX cycles. Actually we believe this is a false scenario. Because measurement on neighbour cells is for cell reselection purpose, while in cell reselection procedure UE needs to compare the measurement result of neighbour cell with that of serving cell. But in this case measurement period of serving cell is much longer than that of neighbour cell. What UE can do is to compare the neighbour cell measurement results, using different measurement results in every DRX cycle, with the same serving cell measurement results. It should not be 100% rational to compare the current result from neighbour cell with the historic result from serving cell long time ago (up to ten seconds). Most importantly, relaxed measurement on serving can’t save so much power any more since anyway UE needs to wake up and measure neighbour cells for every DRX cycles.
This is the background of the high level agreement in [1]. To be more specific, we propose to have the relaxation of measurement of neighbour cell be one of the criteria of serving cell measurement relaxation.

Proposal 1: The relaxed monitoring criteria for neighbour cells should be one of the criteria of serving cell measurement relaxation for WUS-capable UE.
Informatively, here we duplicate the criteria of neighbour cell measurement relaxation from RAN2 spec: 
	5.2.4.12
Relaxed monitoring

5.2.4.12.0
Relaxed monitoring measurement rules

When the UE is required to perform intra-frequency or inter-frequency measurement according to the measurement rules in sub-clause 5.2.4.2a, the UE may choose not to perform intra-frequency or inter-frequency measurements when:

-
The relaxed monitoring criterion in sub-clause 5.2.4.12.1 is fulfilled, and

-
Less than 24 hours have passed since measurements for cell reselection were last performed, and

-
The UE has performed intra-frequency or inter-frequency measurements for at least TSearchDeltaP after selecting or reselecting a new cell.

5.2.4.12.1
Relaxed monitoring criterion

The relaxed monitoring criterion 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 monitoring criterion has not been met for TSearchDeltaP:

-
the UE shall set the value of SrxlevRef to the current Srxlev value of the serving cell;

-
TSearchDeltaP = 5 minutes, or the eDRX cycle length if eDRX is configured and the eDRX cycle length is longer than 5 minutes.


Regarding other conditions, RAN4 actually had some discussion in previous meetings. Here we briefly summarize the proposals as follow:
1) Serving cell S criteria are met with at least X dB margin

2) Measured NRSRP is within Y dB from the previous NRSRP measurement 

3) NRSRP measurement is not degraded by more than Z dB since the cell is first selected/reselected.
Condition 1) is to prevent cell edge UEs from relaxing serving measurement. Actually it doesn’t really imply the UE is a low mobility UE even it can meet condition 1). However, technically we can accept such condition since a cell edge UE may have higher possibility to trigger cell reselection compared with a cell centre UE. Thus relaxing measurement on serving cell for this UE is not so welcome.
Condition 2) is literally linked with mobility status, which we believe is the key condition to judge whether the UE is at low mobility or not. 
Condition 3) means if the UE is moving Z dB away from serving cell, it shall not relax serving cell measurement. In our understanding it is not so easy to determine the threshold Z. some UE may enter serving cell from cell edge while some may select the serving cell at cell centre (UE is at cell centre when it switches on). On the other hand, condition 3) seems a little bit redundant compared with 1) and 2). More specifically, even if the UE is more than Z dB far away from the cell is first selected/reselected, it can still be deemed as a low mobility UE as long as condition 1) and 2) are met, and serving measurement relaxation can still be considered.
Therefore, RAN4 can further consider condition 1) and 2) on top of proposal 1 as the conditions of serving measurement relaxation.
Proposal 2: a WUS-capable UE is allowed to relax serving cell RRM measurement as long as the following conditions are met:
-
The relaxed monitoring criteria for neighbour cells defined in TS36.304 clause 5.2.4.12.1 is fulfilled, and
-
Serving cell S criteria are met with at least X dB margin, and
-
Measured NRSRP is within Y dB from the previous NRSRP measurement.
Note that Y should not be larger than 6, which is being used in neighbour cell measurement relaxation criteria. A tentative value could be [4]dB. As for X, here we tentatively use the maximum cell reselection margin in normal coverage, which is [5]dB for inter-frequency case.
Proposal 3: tentative values for X and Y are [5] and [4], respectively.
3. Conclusions
In this contribution, we further discuss the criteria of serving cell measurement relaxation. After discussion the following proposals are provided:
Proposal 1: The relaxed monitoring criteria for neighbour cells should be one of the criteria of serving cell measurement relaxation for WUS-capable UE.
Proposal 2: a WUS-capable UE is allowed to relax serving cell RRM measurement as long as the following conditions are met:
-
The relaxed monitoring criteria for neighbour cells defined in TS36.304 clause 5.2.4.12.1 is fulfilled, and
-
Serving cell S criteria are met with at least X dB margin, and
-
Measured NRSRP is within Y dB from the previous NRSRP measurement
Proposal 3: tentative values for X and Y are [4] and [5], respectively.
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