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1. Introduction

In last RAN1 Athens meeting an LS was approved to RAN1 [1] on working assumption for wake-up signal for NB-IoT and eMTC and to request RAN4’s feedback on the feasibility of RRM measurement relaxation in the part on NB-IoT WUS.
In this contribution we provide our view on feasibility of RRM measurement relaxation on WUS. After discussion, some proposals are provided.
2. Discussion
The LS [1] presents a single WUS working assumption for both NB-IoT and eMTC. Here we duplicate the working assumption for information, and in this paper discuss the part of it related to NB-IoT:
	on NB-IoT WUS:

· For UE operating WUS, UE is allowed to relax RRM measurements, at least for low mobility UEs, to once every N DRX cycles, where N is FFS

· The RRM measurement relaxation is enabled/disabled by the network.

· WUS can still be enabled by the network when the RRM measurement relaxation is disabled.

· Note: This does not imply any change in the random access procedure / power control / CE level selection, nor relaxations in the requirements related to the random access procedure.

· WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles

· FFS for eDRX case

· FFS whether N depends on the length of PTW.

· For 164dB MCL, there is a WUS configuration that enables sync for at least a value of N>1 for at least the smallest DRX cycle.

· FFS for other DRX cycles and values of N

· FFS whether N is fixed, configurable, or depends on the DRX cycle
on eMTC WUS/sync:

· For eMTC, a new periodic synchronization signal is introduced.

· The new periodic sync signal is configurable (including OFF/ON configuration)

· FFS on the functionality/information provided by the synchronization signal, including 

· whether the additional synchronization signal can provide WUS-related information for a subset or a group of POs

· In case the additional synchronization signal provides WUS-related information, FFS whether there is an additional WUS/DTX signal, which may be separately configured.

· In case the additional synchronization signal does not provides WUS-related information, there is an additional WUS/DTX signal

· System information change notification

· FFS on location of the sync signal

· The new synchronization signal can be used also for non-WUS purposes (e.g. by UEs that need to synchronize after exiting PSM state)

· FFS whether the “new sync signal” can reuse the NB-IoT WUS sequence or a different sequence


One of the fundamental functionality of WUS is for power saving. Originally, it was designed to allow UE to “drop” some paging occasions by quickly checking the WUS. Note that from the UE perspective, a 1-to-N mapping between WUS and PO is optionally supported. That means it could be possible for UE to monitor WUS in every N paging occasions. Thus during this N paging occasions period, the only UE activity is to perform RRM measurement on serving and possible neighbour cells. It needs to be highlighted that quite a lot of NB-IoT UE are stationary e.g. used for watermeter. Regular RRM measurement for cell reselection is somehow considered as unnecessary. So relaxation of measurement for neighbour cell is supported in this release (relaxed to up to once every 24 hours, taking into account the change of network deployment, which is being discussed in RAN2 session of relaxed monitoring of cell reselection. However, such relaxation only applies for measurement on neighbour cells. Since the WUS and relaxed monitoring of cell reselection are introduced at the same time. It could be beneficial to jointly consider these two features together to achieve significant power saving for release 15 NB-IoT gUEs. 
Let’s first focus on the low mobility UE, as can be seen in RAN1 LS that the working assumption at least apply for such UEs. These UEs would probably trigger relaxed monitoring of cell reselection and barely perform measurement for neighbour cells (up to once every 24 hours). In such case, keep measuring serving cell might not help in cell reselection since it is a stationary UE and measurement on neighbour cells is already dropped. On the other hand, consider the case that this stationary UE finds out there will be no paging for it in the next N paging occasions (by detecting WUS). Thus we don’t see too much necessity of keeping measuring serving during these N paging occasions for a stationary UE.
Observation 1: a Rel-15 stationary NB-IoT probably in the state of relaxed cell reselection most of the time.
Observation 2: relaxing measurement on serving cell based on WUS on top of relaxed monitoring of neighbour cells can further reduce power consumption for a stationary UE.
Another point is about timing/frequency tracking performance. As can be seen in RAN1 working assumption that WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles. Thus it can be feasible for UE to handle time and frequency drift result from such N DRX cycles.
Proposal 1: RAN4 confirms that relaxation of measurement on serving cell based on WUS is feasible from RRM perspective.
The above discussion focuses on stationary UE. The key point here is how to make sure the UE is stationary from standard perspective. We need to make sure that only stationary or low mobility UE can relax RRM measurement for power saving. Corresponding applicability of relaxed requirement shall be clearly defined in specification. Otherwise, the mobility performance of non-stationary UE may degrade.
Observation 3: only low mobility UE is allowed to relax RRM measurement. Corresponding applicability of requirement shall be defined.
Regarding how to judge UE is low mobility or not, it has been widely discussed in RAN4 in many topics, including both network based and UE based schemes. In relaxed monitoring of cell reselection topic, RAN2 had extensively studied the relaxed monitoring measurement rules, i.e. when to apply relaxed measurement. The outcome can be seen in the agreed CR for TS36.304 [2]. We duplicate the content here and denote it as scheme 1:

	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.


In [3] a new method was also provided to enable/disable the relaxed serving cell measurement based on WUS. Here we also copy the idea and denote it as scheme 2:
	For a WUS-capable UE, it is RAN4’s view that  

· 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


Technically we think both schemes can achieve power saving, one for measurement on neighbour cell and the other one for serving cell. Note that the triggering conditions of scheme 1 and 2 are different. As we mentioned above, we need to jointly consider these two features. 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 has 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 has 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 ten seconds level). 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.
Observation 4: relaxed measurement on serving based on WUS can’t achieve power saving if UE still needs to measure neighbour cells normally.
To address this, it can be considered to add certain extra condition on the relaxation criteria for neighbour cells. For instance, 
	The relaxed measurement on serving cell based on WUS is feasible as long as the following conditions are met: 

-
The relaxed monitoring criteria for neighbour cells in TS36.304 clause 5.2.4.12.1 is fulfilled, and

-
Measured NRSRP is within TBD dB from the previous NRSRP measurement, 


Basically only yellow highlighted part is new compared with relaxation criteria of neighbour cells measurement as agreed in RAN2. This is used to make sure such relaxation shall only apply for low mobility UE. Actually yellow part was also mentioned in [3]. The difference is that we remove the second condition of “or within TBD dB from the NRSRP measured when the serving cell is selected/re-selected”. Considering the case that UE moves towards the cell centre, then this condition becomes no longer relevant. This can also avoid the potential issue when UE goes back towards the cell edge, and should start performing neighbour cell and serving cell measurements for reselection, but does not enable measurements at the full rate because “NRSRP measured when the serving cell is selected/re-selected” allows UE to relax at the cell edge.
In short, we believe it is feasible for UE to relax serving cell measurement based on WUS detection at least under certain scenarios. RAN4 can discuss the detailed scheme and send LS to RAN1/2 on the outcome of study.

Proposal 2: RAN4 confirms that relaxing measurement on serving cell based on WUS detection is feasible if the following conditions are met:
-
The relaxed monitoring criteria for neighbour cells in TS36.304 clause 5.2.4.12.1 is fulfilled, and
-
Measured NRSRP is within TBD dB from the previous NRSRP measurement

3. Conclusions
In this contribution we further discuss the feasibility of relaxing RRM measurement on serving cell based on latest RAN1/2 progress. After discussion the followings conclusions are made:
Observation 1: a Rel-15 stationary NB-IoT probably in the state of relaxed cell reselection most of the time.
Observation 2: relaxing measurement on serving cell based on WUS on top of relaxed monitoring of neighbour cells can further reduce power consumption for a stationary UE.
Proposal 1: RAN4 confirms that relaxation of measurement on serving cell based on WUS is feasible from RRM perspective.
Observation 3: only low mobility UE is allowed to relax RRM measurement. Corresponding applicability of requirement shall be defined.
Observation 4: relaxed measurement on serving based on WUS can’t achieve power saving if UE still needs to measure neighbour cells normally.
Proposal 2: RAN4 confirms that relaxing measurement on serving cell based on WUS detection is feasible if the following conditions are met:
-
The relaxed monitoring criteria for neighbour cells in TS36.304 clause 5.2.4.12.1 is fulfilled, and
-
Measured NRSRP is within TBD dB from the previous NRSRP measurement.
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