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In RAN2#100 meeting, we had a long discussion on the mechanism of relaxed monitoring for NB-IOT UEs. The agreements have been implemented in TS 36.304 [1], and the related procedural text is provided below.
	5.2.4.12	Relaxed monitoring
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.
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 cell reselection or selection, the UE shall set the value of SrxlevRef to the current Srxlev value of the serving cell 


In summary, we agreed to a “RSRP drop” mechanism, where the UE enters relaxed monitoring mode if the RSRP drop (compared to a reference level) is within a pre-configured threshold, and the RSRP reference level is set/reset only at cell selection or reselection. In this contribution, we explain the restrictions of the agreed mechanism and propose enhanced relaxed monitoring for mobile NB-IOT UEs.
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Problems of the agreed mechanism
We believe that an intention with the current solution is that the SrxlevRef shall be reset when cell reselection evaluation is done, i.e. not only when a new cell is selected or reselected to, and that SrxlevRef shall be reset at least every 24h. Otherwise, if the UE only updates the SrxlevRef at actual cell change, there would be the following issue. A UE that initializes SrxlevRef in good coverage, moves to worse coverage and becomes stationary there would not enter the relaxed monitoring mode. An exemplary scenario could be that a NB-IOT UE attached on a car selects or reselects to a cell outdoors when the car is moving, and then the car parks in a garage in the basement. Although the UE is stationary, it will not apply relaxed monitoring. A consequence of such design would be that many UEs would not benefit from relaxed monitoring. 
Proposal 1:	Clarify that SrxlevRef shall be reset when cell reselection evaluation is done. 
A more serious problem is that cell reselection will in general not work well for UEs applying relaxed monitoring. 
Example: For a UE that initializes a low SrxlevRef (due to, e.g., reselection at cell edge, while inside a vehicle transport with significant penetration loss, or while inside an industrial building), relaxed monitoring is applied. However, when the UE moves to cell edge again (e.g., another end of cell, e.g. outdoors), due to the low reference level, UE may not perform neighbouring cell measurements although the UE may no longer be camped on the strongest cell. 
The UE could in fact be very far into / close to the centre of a neighbour cell without performing cell reselection. This could result in bad paging performance, significant interference if the UE goes to connected mode in the camped cell. We note that this problem may be serious for NB-IOT or MTC CE mode B, as such networks that are planned for deep indoor coverage generally: 
· Have very significant cell coverage overlap outdoors, and 
· Support very low Srxlev values to handle the high-loss conditions.
Observation 1:	With currently agreed solution, mobile UEs are likely to enter conditions where cell reselection is not performed although there are stronger cells available. 
Proposal 2:	Clarify that the currently agreed solution is intended for stationary UEs, i.e. UEs that can be moved on a longer time scale than 24h, e.g. once per month or less often. 
The seriousness of the situation for Mobile UEs may depend e.g. on the configured Delta value and the actual radio condition distribution and typical UEs movement paths. However, for LTE and other systems that are designed for mobile UEs, the system is designed for the bad cases and normally for mobile UEs cell reselection evaluation is done on the time scale of the Idle mode DRX cycle. This is also the Assumption in RAN4. 
Observation 2:	The current solution brings a completely new behaviour for cell reselection to be evaluated by RAN4, if it is assumed also for mobile UEs.  
Proposal 3:	In principle, for mobile UEs, the mechanism should detect if the UE is moving or is (temporally) stationary. Relaxed monitoring for neighbour cells should apply only if UE detects that it is stationary.
Potential enhancements
1.1.1 [bookmark: _GoBack]Necessary changes
Parts of the current mechanism work ok, e.g. to trigger start of measurements for cell reselection by RSRP drop for the serving cell is not problematic. 
If there would be a time requirement in order to enter relaxed monitoring, i.e. a requirement that a condition has persisted for a certain time duration, this would better ensure that the UE is in a stationary condition when it enters relaxed monitoring, and most importantly it would allow legacy requirements to apply when the UE is not stationary and it would allow well known behaviour for mobile UEs when they are moving. 
If the SrxlevRef would be updated such that it reflects the Srxlev of the UE where the UE is actually located, the drop in Srxlev which is the current no-relaxed-monitoring-condition would reflect an actual move of the UE from its current location, and the problematic situation that a too low SrxlevRef is set due to the UE enters a cell at low signal strength conditions can be avoided. 
Proposal 4:	A time requirement shall be introduced such that relaxed monitoring is not allowed until the relaxed monitoring condition has persisted for some time. During other times, legacy mobility procedure and requirements apply.
Proposal 5: 	SrxlevRef shall be updated when the UE moves through a cell such that it reflects the current location of the UE (at least to some extent) and such that SrxlevRef cannot get stuck at very low levels that do not reflect the UE location where he may reselect out to another cell when it becomes the best cell.  

1.1.2 Update of reference level
In R2#100 meeting, the following options of reference level update were discussed:
1) When a new serving cell has been selected or reselected to,
2) When cell reselection evaluation is triggered,
3) When UE goes back to stationary/relaxed state,
4) Whenever Srxlev > SrxlevRef.
In current mechanism, only option 1) is adopted. Such a baseline mechanism may not be applicable to moving NB-IOT UEs, since UE may be kept in relaxed monitoring mode while neighbouring cell monitoring is actually necessary. Now we consider different cases of RSRP variation, and see if updating reference level enhance relaxed monitoring for mobile UEs. 
When UE enters relaxed monitoring mode
If UE experiences RSRP drop not exceeding the threshold (SSearchDeltaP) or RSRP increase, UE may enter relaxed monitoring mode. In this case, RSRP reference level should be updated so that the UE can detect a later RSRP drop and trigger neighbouring cell monitoring.
When Srxlev > SrxlevRef
For a UE starting with a low reference RSRP level, it may experience increased serving cell RSRP. If the UE keeps increase the reference RSRP level as serving cell signal strength gets stronger (i.e., update SrxlevRef whenever Srxlev > Srxlev.Ref), it can detect a later RSRP drop (e.g., when UE moves to cell edge again) and trigger neighbouring cell monitoring. 
Proposal 6:	The reference level (SrxlevRef) is updated (e.g., set SrxlevRef = Srxlev) whenever UE enters relaxed monitoring mode.
Proposal 7:	The reference level (SrxlevRef) is updated (set SrxlevRef = Srxlev) whenever Srxlev > SrxlevRef.
1.1.3 Additional trigger of relaxed monitoring
In current mechanism, the relaxed monitoring criterion is fulfilled when RSRP drop is smaller than a threshold. While such a condition does imply limited mobility of a UE, in some cases the UE may experience the RSRP drop (from reference level) larger than threshold before its stops moving. In these cases, monitoring neighbouring cells means unnecessary power consumption. The UE needs to be able to detect its immobility so as to enter relaxed monitoring mode. This can be achieved by allowing UE to enter relaxed monitoring mode if UE is unable to find a potential cell for reselection for a given duration, even if the RSRP drop (compared to the reference level) exceed the threshold. The condition of “no potential cell for reselection” can be further discussed, for example, it can be interpreted in the following ways:
· UE stays with the same serving cell, i.e., no reselection is performed, for a given duration.
· For a given duration, the RSRP of best neighbouring cell is at least an offset below the serving cell RSRP.
Since RAN2 has agreed a baseline solution based on serving cell RSRP drop, we suggest that RAN2 study the need and validity of such an additional triggering mechanism for relaxed monitoring.
Proposal 8:	Study the need and validity of an additional triggering mechanism for relaxed monitoring, with which the UE enters relaxed monitoring mode if it is unable to find a potential cell for reselection.
Conclusion
We have the following observations:
Observation 1:	With currently agreed solution, mobile UEs are likely to enter conditions where cell reselection is not performed although there are stronger cells available. 
Observation 2:	The current solution brings a completely new behaviour for cell reselection to be evaluated by RAN4, if it is assumed also for mobile UEs.  
It is proposed to discuss and decide on the following proposals:
Proposal 1:	Clarify that SrxlevRef shall be reset when cell reselection evaluation is done. 
Proposal 2:	Clarify that the currently agreed solution is intended for stationary UEs, i.e. UEs that can be moved on a longer time scale than 24h, e.g. once per month or less often. 
Proposal 3:	In principle, for mobile UEs, the mechanism should detect if the UE is moving or is (temporally) stationary. Relaxed monitoring for neighbour cells should apply only if UE detects that it is stationary.
Proposal 4:	A time requirement shall be introduced such that relaxed monitoring is not allowed until the relaxed monitoring condition has persisted for some time. During other times, legacy mobility procedure and requirements apply.
Proposal 5: 	SrxlevRef shall be updated when the UE moves through a cell such that it reflects the current location of the UE (at least to some extent) and such that SrxlevRef cannot get stuck at very low levels that do not reflect the UE location where he may reselect out to another cell when it becomes the best cell.  
Proposal 6:	The reference level (SrxlevRef) is updated (e.g., set SrxlevRef = Srxlev) whenever UE enters relaxed monitoring mode.
Proposal 7:	The reference level (SrxlevRef) is updated (set SrxlevRef = Srxlev) whenever Srxlev > SrxlevRef.
Proposal 8:	Study the need and validity of an additional triggering mechanism for relaxed monitoring, with which the UE enters relaxed monitoring mode if it is unable to find a potential cell for reselection.
Appendix: Text Proposal
5.2.4.12	Relaxed monitoring
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 for a given duration (TRelaxMon), and
-	Less than 24 hours have passed since measurements for cell reselection were last performed.
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 cell reselection or selection, the UE shall set the value of SrxlevRef to the current Srxlev value of the serving cell
-	Upon entering relaxed monitoring mode, the UE shall set the value of SrxlevRef to the current Srxlev value of the serving cell
-	Whenever Srxlev > SrxlevRef, the UE shall set the value of SrxlevRef to the current Srxlev value of the serving cell.
-	The definition of potential cell for reselection is FFS.
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