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Introduction
In the latest WID of IoT NTN enhancements RP-223519 [1], the following objectives for mobility enhancements are listed:
	4.1.2	Mobility enhancements

The following mobility enhancements objectives are listed.
-	Support of neighbour cell measurements and corresponding measurement triggering before RLF, using Rel‑17 (TN) NB-IoT, eMTC as a baseline. [RAN2]
-	Support signalling in system information of neighbour cell ephemeris, for eMTC and NB-IoT [RAN2]
-	Re-use the solutions introduced in Rel-17 NR NTN for mobility enhancements for eMTC, with minimum necessary changes to adapt them to eMTC [RAN2]
Define UE RRM core requirements for the above mobility enhancement features [RAN4].



In RAN2#119e meeting, RAN2 had some initial discussion on the triggering condition for connected mode neighbor cell measurement for R18 IoT NTN, and reached some agreements as below:
	Agreements:
1. IoT NTN can use the mechanism for neighbour cell measurements in connected mode (specified in Rel-17 for NB-IoT). FFS if any enhancements are needed (e.g. triggers) for both NB-IoT and eMTC.
2. RAN2 to continue working on a new time-based trigger for triggering intra and inter frequency measurements in connected mode, e.g. the serving cell is going to stop covering the current area, for both earth-moving and earth-fixed cell (FFS on distance-based trigger)
3. Measurement results reporting is not supported in Rel-18 NB-IoT NTN.


In RAN2#119bise meeting, RAN2 had some further discussion on this aspect but no further agreement is achieved.
In RAN2#120 meeting, RAN2 had some further discussion and reached the following new agreements:
	Agreements:
1. For NB-IoT we support a trigger for neighbour cell measurements based on T-service (in the quasi-Earth fixed case) (this does not preclude anything for eMTC discussion).
Agreements:
1. At least for NB-IoT NTN, for quasi-earth fixed cells, UE shall start intra/inter frequency measurement in connected mode before the t-Service if present. The exact time to start measurements in connected mode before t-Service can be left to UE implementation” (can revisit if we agree other proposal based on neighbour cell coverage)
2. RAN2 will not specify the condition of stopping UE measurement before t-Service
3. For earth-moving cell, the UE derives when loss of coverage of current cell happens (how to derive this information is FFS)
4. For earth-moving cell, UE shall start intra/inter frequency measurements in RRC connected mode before losing coverage. The exact time to start measurements can be left to UE implementation


In this contribution, we will have further discussion on the enhancements for neighbor cell measurements in RRC connected mode for IoT over NTN.
Discussion 
In R17 IoT NTN, RAN2 has agreed to use Rel-16 RLF-based NB-IoT mobility as a baseline for mobility in NB-IoT over NTN. Even in R17 NB-IoT, the new feature of connected mode neighbor cell measurement has been introduced, it hasn’t been supported for R17 NB-IoT over NTN. The main specification work of connected mode neighbor cell measurement for R17 NB-IoT can be found in Annex.
However, in NTN network, even if the UE moves (or equivalently moves) to the edge of the satellite coverage, UE’s RSRP quality change may be very small compared to the RSRP when it is close to the center of the cell. Therefore, even the framework of connected mode neighbor cell measurement can be introduced to R18 NB-IoT over NTN, more companies agree that the RSRP-based triggering condition may no longer be suitable to IoT over NTN. Therefore, RAN2 have had much discussion on introducing new triggers, e.g., time-based trigger or location-based trigger, for triggering intra and inter frequency measurements in connected mode. 
Details of time-based new trigger
In previous meetings, RAN2 has agreed to make use of the following t-Service broadcasted in SIB3/SIB3-NB for triggering connected mode measurement. 
	SystemInformationBlockType3 ::=		SEQUENCE {
	cellReselectionInfoCommon			SEQUENCE {
................
[[	t-Service-r17						TimeOffsetUTC-r17			OPTIONAL	-- Need OR
	]]
}



	t-Service
Time information on when a NTN quasi-Earth fixed cell is going to stop serving the area it is currently covering, as specified in TS 36.304 [4].


That is, when the UE enters into connected mode, it can store the time information when the current NTN quasi-Earth fixed cell is going to stop serving the area. When approaching this time, the UE can trigger the connected mode measurement. The exact time to start measurements (e.g., how far in advance than the t-Service) can be left to UE implementation and according to the requirements defined in RAN4.
Quasi-Earth fixed cell case
For quasi-Earth fixed cell case, there has been some views that the (start) time information of neighbor cells can be (jointly) considered for triggering connected mode measurements. The main reason is that, if no neighbor cell would cover the UE, even the UE starts the measurement before t-Service, the UE couldn’t receive any signals from the neighbor cell. Such measurements will be in vain and cause unnecessary UE power consumption. We have sympathy with such suggestion. Therefore, if the UE can acquire the start/upcoming time information of neighbor cell (s) and aware that it’s before the time when the serving cell is going to stop serving the area, UE can exactly determine when to start the connected mode neighbor cell(s) measurement, e.g., upon the (start) time of the neighbor cell’s coverage. If no start/upcoming time information of neighbor cell (s) is available, the exact time for UE to start measurements before t-Service can still be left to UE implementation and according to the requirements defined in RAN4. By this way, unnecessary neighbor cell measurements can be avoided. 
Proposal 1a: For quasi-Earth fixed cell case, it’s suggested to provide the start time information of neighbor or upcoming cell (s).
Proposal 1b: If the UE acquires the start time of upcoming cell (s) and is aware that it’s before t-Service, e.g., the time when the serving cell is going to stop serving the area, UE can exactly determine when to start the connected mode neighbor cell(s) measurement, e.g., upon the (start) time of the upcoming cell (s)’ coverage. 
For quasi-Earth fixed cell case, similar as provision of t-Service, we assume the start time of neighbor/upcoming cells (satellites) can also be determined by NW and provided via SIB message. UE can store this information and use it for triggering neighbor cell measurements in connected mode.
There is a view in previous meeting that the t-ServiceStart of neighbor cells in SIB32 can be reused for this purpose of triggering connected mode measurement, e.g., the UE starts measurements before t-Service if t-ServiceStart for the neighbor cell has passed. Company think this can cover both continuous and discontinuous coverage cases. 
However, as SIB32 contains satellite assistance information for prediction of discontinuous coverage, we assume it’s mainly provided in the sparse constellation case. So it would be highly possible that the t-ServiceStart of neighbor cells in SIB32 would be later than the stop time of serving cell. On the other hand, for continuous coverage case, we mainly assume in a certain period, UE in connected mode under a serving NTN cell can be covered by other satellite (s)/NTN cells. And the list of such neighbor satellites/NTN cells already can be provided via SIB3~SIB5. In order to avoid any potential confusion, we suggest not to make use of the assistance information in SIB32 for connected mode neighbor cell measurement function.
In a summary, if proposal 1 can be agreed, RAN2 can further agree that the timing information on when a neighbor/upcoming cell is going to start serving the area can be broadcast if the neighbor cell is a NTN quasi-Earth fixed cell. In R18, according to the updated WID, we will also “Support signalling in system information of neighbour cell ephemeris, for eMTC and NB-IoT”, we think such start time of neighbor/upcoming cells can be provided as part of satellite assistance information for neighbour cells. FFS which SIB would be used.
Proposal 1c: The timing information on when a neighbor/upcoming cell is going to start serving the area can be broadcast if the neighbor cell is a NTN quasi-Earth fixed cell. Such information can be provided as part of satellite assistance information for neighbour cells for IoT NTN. 
Please note, here is an assumption that UE in connected mode can leverage the assistant information acquired via SIB when it’s in idle mode for triggering connected mode measurement. As IoT UE generally cannot update SIB during connected mode, there may be risk that UE cannot be aware of the change of the timing information of serving cell and neighbor cells. But as we also can assume these time information would be stable or seldom change for quasi-Earth fixed cells and also IoT UE won't be in the connected mode for too long, we thin such risk may be tiny and can be ignored.

Earth moving cell case
For earth moving cell case, RAN2 has agreed that the UE derives when loss of coverage of current cell happens and UE shall start intra/inter frequency measurements in RRC connected mode before losing coverage.
In current specification, there is no explicit time information provided by NW on when the serving cell is going to stop serving the current area. Per our understanding, how the UE determines the time of coverage loss of serving cell can be left to UE implementation, but RAN2 needs to discuss what assistance information need to be provided to the UE.
In some previous contributions, company suggested that, for earth-moving cell, the serving cell footprint information can be broadcast for UE to determine the time of loss of coverage of current cell in NB-IoT NTN. And then, NB-IoT UE can start intra/inter frequency measurements in RRC connected mode before this calculated time of losing coverage. But from our company’s view, since before UE can calculate the time of losing coverage of current earth moving cell, UE anyway needs to evaluate the distance between itself and the serving satellite, it may be more straightforward to let UE derive when loss of coverage of current cell might happen according to the evaluation on distance between itself and the serving satellite, e.g., when the distance is large enough, for example greater than a threshold, to indicate that the UE is approaching the boundary of the coverage of current cell. 
Observation 1a: Before UE can calculate the exact time of losing coverage of current earth moving cell, UE anyway needs to evaluate the distance between itself and the serving satellite. It may be more straightforward to let UE derive when loss of coverage of current cell might happen according to the evaluation on distance between itself and the serving satellite
Companies may have thinking that calculation on the exact time of losing coverage may need to be performed only once (accordingly, the distance evaluation is needed also only once). But considering the possible complicated scenario where the UE and satellite move at the same time, we feel that such one-shot calculation on the time of satellite’s stop would not be adequately accurate and stable, and the UE may still need to re-calculate when the serving satellite will stop from time to time (maybe with additional consideration on UE’s instantaneous speed). 
Observation 1b: Considering the possible complicated scenario where the UE and satellite move at the same time, one-shot calculation on the exact time of satellite’s stop might not be adequately accurate and stable. UE may still need to re-calculate when the serving satellite will stop from time to time (maybe with additional consideration on UE’s instantaneous speed).
Based on the above observations, we think it would be more straightforward and more suitable to let UE derive when loss of coverage of current cell might happen according to the evaluation on distance between itself and the serving satellite. This is also the concept of location-based new trigger for neighbor cell measurement which would be further discussed in section 2.2.
For reducing the UE complexity, we think it’s no need for UE to calculate the exact time when loss of coverage of current cell might happen based on other assistance information, e.g., the serving cell footprint information.
Proposal 2: For earth moving cell, it’s no need to let UE calculate the exact time when loss of coverage of current cell might happen and therefore, no related assistance information, e.g., footprint information needs to be provided for UE.

Whether and how support distance-based new trigger
In NR NTN, existing spec already allows NW to provide reference location (i.e., referenceLocation-r17) for quasi-earth fixed cell through SIB19 for UE to evaluate the distance between itself and the serving satellite. For earth moving cell case, it has been further agreed in RAN2#119bis-e meeting that UE could be also provided with reference location/distance threshold of serving cells to estimate when serving cell will stop proving coverage. The related agreements are copied as below for reference:
	Agreements RAN2#119bis-e
1. For NTN-NTN cell reselection with earth moving cell, RAN2 will consider providing parameters of serving cell to UE, for UE to estimate when the serving cell stops providing coverage at the present UE location (FFS whether this will be an optional UE feature) (this does not exclude any time-based or location-based approach) (other solutions can also be considered)
2. In Earth-moving cell, the reference location and distance threshold of serving cell are provided by network for UE to estimate when the serving cell stops providing coverage at the present UE location. FFS how the reference location and/or distance threshold are provided to the UE



The detailed approach is under discussion. Two options have been mentioned in companies’ contributions in previous meeting. One is based on the distance between UE and serving cell reference location which can be seen a distance in a two-dimensional plane (ground), the other is based on distance between UE and serving satellite which is a distance in three-dimensional space. We will further discuss these options from the perspective of IoT NTN.
Quasi-Earth fixed cell case
According to proposal 1~proposal3, for earth fixed cell case, we have suggested to support new trigger based on stop time of serving cell and start time of neighbor/upcoming cells for triggering neighbor cells measurement in connected mode.
However, if no start time information of neighbor cells can be provided, the exact time for UE to start measurements before t-Service is left to UE implementation and according to the requirements defined in RAN4. Since UE have not much assistance information, UE may only know it should start the measurement before t-Service, but may not so sure how exactly far to start the measurement in advance. In order to avoid too early or too late start of measurement, we think it’s better to also support the distance-based trigger for earth fixed cell case.
In the previous discussion, some companies has negative view on supporting distance-based trigger as they think this would require UE to keep updating its GNSS position. We don't see a need for UE to intentionally update its GNSS position fix. UE in RRC_CONNECTED can consider that the position is always valid unless RRC receives an indication that the GNSS position has become out-of-date. Moreover, RAN2 would also enhanced GNSS position update in connected mode in R18.

For the two kinds of distance options, e.g., distance between UE and serving cell reference location or distance between UE and serving satellite, we think the technical difference is tiny. It may be easier for UE to calculate the distance between UE and serving cell reference location but more assistance information, e.g., the serving cell reference location, may need to be additionally provided by NW. It may be a bit complicated for UE to calculate the distance between UE and serving satellite, but we assume the current satellite assistance information would be enough. 
With further consideration that serving cell reference location has been discussed or adopted in some other functions, e.g., cell reselection for NR NTN, CHO enhancement for eMTC NTN, we think it’s better to leverage the serving cell reference location for the connected mode measurement function, that can simplify UE/NW implementation and make maximum use of the assistance information of serving cell reference location.
Proposal 3a: For quasi-earth fixed cell, the distance-based new trigger can be also supported. The reference location of the serving cell and the corresponding threshold are broadcast in system information.
[bookmark: _GoBack]Based on proposal proposal 3a, if UE can acquire the reference location of the serving cell and the corresponding threshold, UE can trigger connected mode measurement when the distance between UE and serving cell reference location is larger than the corresponding threshold. If this distance is always less than the threshold, UE should anyway initiate the measurement before t-Service.
Furthermore, for cell reselection enhancements in NR NTN, the distance between UE and reference location of neighbor cells are also taken into account. There is much discussion on how to rank the cells and down scope the candidate cells for cell reselection. However, for our on-going discussion on connected mode neighbor cell measurement in IoT NTN, we think the situation is different. With reference to R17 NB-IoT connected mode measurement, there is no requirement for UE to further evaluate/rank the candidate target cells upon triggering connected mode measurement and also during measurement. Therefore, in order to avoid too much complexity for IoT NTN, we can focus on the trigger based on serving cell conditions and no need to take the reference location of neighbor cells and distance between UE and neighbor cells into account for connected mode measurement. 
Proposal 3b: For quasi-Earth fixed cell case, if the UE can acquire the reference location of the serving cell and the corresponding threshold, UE can exactly determine when to start the connected mode neighbor cell(s) measurement, e.g., when the distance between UE and serving cell reference location is larger than the corresponding threshold and before the t-Service. 

Earth moving cell case
According to the discussion for proposal 2, for earth moving cell case, we think UE don’t need to calculate the exact time when loss of coverage of current cell might happen based on other assistance information, e.g., the serving cell footprint information. We suggest to let UE derive when loss of coverage of current cell might happen according to the evaluation on distance between itself and the serving satellite. In other word, the distance-based new trigger should be supported for earth moving cell case.
In some previous contributions, company have mentioned that, for earth moving cell, the serving cell reference location is changing all the time along with the movement of satellite, therefore it would not be easy to provide the serving cell reference location. Since both UE location and serving satellite location are available for UEs in RRC_CONNECTED, for earth moving cell, the distance between UE and serving satellite can be used instead to determine whether the UE is in the cell center or whether the UE is in low mobility state relative to the serving satellite.
However, per our understanding, firstly, as RAN2 has agreed that for both earth-fixed cell and earth-moving cell scenarios, location-based CHO triggering events would be supported, we assume change of serving cell reference location would have not much impact on the trigger determination. Secondly, if the reference location of the serving cell can be provided via SIB31, it’s possible for UE in connected mode to timely re-acquire the update of reference location of the serving cell, which means the UE can always have the updated serving cell reference location. Finally, in order to simplify the implementation of IoT UE, e.g., no need to support too many schemes for calculating distance, we suggest to also support the scheme which makes use of the reference location of the serving cell for connected mode measurement in earth moving cell case.
Proposal 4a: For earth moving cell case, the reference location of the serving cell and the corresponding threshold are broadcast in system information. UE can make use of this information to derive when loss of coverage of current cell might happen.
With similar reason as that for quasi-Earth fixed cell case, it’s also no need to support evaluation on distance between UE and neighbor satellites when triggering connected mode measurements in earth moving cell case,
Proposal 4b: For earth moving cell case, if the UE can acquire the reference location of the serving cell and the corresponding threshold, UE can exactly determine when to start the connected mode neighbor cell(s) measurement, e.g., when the distance between UE and serving cell reference location is larger than the corresponding threshold. 

Whether dedicated configuration is needed
[bookmark: OLE_LINK2]In previous discussion of R17 NB-IoT, there was also suggestion to provide the triggering conditions configuration via dedicated signaling so that the UE specific configuration can be supported. But finally, with less necessity and more preference on simplicity, only common configuration via SIB is supported. Based on the discussion till now, we assume similar situation exists in IoT over NTN. Therefore, such configuration framework can be reused for R18 IoT over NTN and can be further extended, e.g., to incorporate more possible triggering conditions.
Proposal 5: The configuration framework for connected mode neighbor cell measurement via SIB can be reused for R18 IoT over NTN and can be further extended, e.g., to incorporate more possible new triggering conditions.

Applicability of connected mode measurement enhancements to eMTC NTN
During the discussion in previous RAN2 meetings, there are common views that the mechanism of connected mode neighbor cell measurement introduced for R17 NB-IoT can be applied to at least R18 NB-IoT over NTN. Meanwhile, some companies think that, according to the WID description, such enhancement can also be applied to eMTC over NTN. There was also some different views that the justification for applying this enhancements related to re-establishment to eMTC over NTN is not enough as eMTC UE can be mainly maintained in connected mode by using handover or CHO. Moreover, connected mode measurement configuration and report are already supported for eMTC.
During previous discussion, some companies think, as the issue of near-far effects also exists in the RSRP-based measurement trigger in eMTC over NTN, the timer-based and location-based new triggers would be also applicable and beneficial to eMTC over NTN. However, per our understanding, to make use of the serving cell stop time information may be a bit complicated for eMTC over NTN. In order to facilitate handover, eMTC may need to trigger measurement much earlier than this serving cell stop time. This may be the first difference from NB-IoT where measurement is mainly for improving re-establishment and NB-IoT UE generally needs to make the start of measurement close to this serving cell stop time. Moreover, the trigger of eMTC measurement needs to ensure that the target cell can be detected before the handover, otherwise the handover cannot be carried out. This may be the second difference from NB-IoT where there is no strong requirement that connected mode measurement must end before RLF. Even the connected mode measurement gives no output, UE can still continue the measurement after RLF declaration and till the target cell for re-establishment can be found.
Observation 2a: Different from NB-IoT, it’s not easy to use serving cell stop time information as a new trigger for connected mode measurement for eMTC over NTN as UE may need to trigger measurement much earlier than this serving cell stop time in order to ensure target cell for handover can be found timely. But there is no clear rule on how to set this earlier timing amount.
Furthermore, for eMTC over NTN, the existing connected mode neighbor cell measurement related measurement/report configuration is provided via dedicated signaling. If to further apply measurement in R17 NB-IoT, RAN2 needs to discuss whether such configuration framework in SIB for R17 NB-IoT can also be suitable for eMTC over NTN. If yes, how these two configurations can exist? From our company’s view, if really needed, a straightforward way may be to continue using the dedicated measurement configuration for eMTC NTN.
Observation 2b: If enhancements connected mode neighbor cell measurement in R17 NB-IoT would be applied to eMTC over NTN, RAN2 needs to discuss whether the trigger conditions configuration framework in SIB can also be introduced for eMTC over NTN and how the new configuration coexist with the legacy measurement/report configuration.
Based on the above observation 2a~2b, we can see that, different from NB-IoT over NTN, in which we need to introduce a new function (connected mode measurement) that was not supported before and can improve re-establishment procedure, for eMTC over NTN, supporting connected mode measurement enhancements would have not much gain and bring additional complexity. Therefore, we suggest not to further specify new triggering conditions for connected mode neighbor cell measurement for eMTC over NTN.
Proposal 6: It’s suggested not to introduce new trigger conditions for connected mode neighbor cell measurement for eMTC over NTN.
[bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
[bookmark: _Hlk83889481]In this contribution, the following observations and proposals were made: 
Proposal 1a: For quasi-Earth fixed cell case, it’s suggested to provide the start time information of neighbor or upcoming cell (s).
Proposal 1b: If the UE acquires the start time of upcoming cell (s) and is aware that it’s before t-Service, e.g., the time when the serving cell is going to stop serving the area, UE can exactly determine when to start the connected mode neighbor cell(s) measurement, e.g., upon the (start) time of the upcoming cell (s)’ coverage. 

Proposal 1c: The timing information on when a neighbor/upcoming cell is going to start serving the area can be broadcast if the neighbor cell is a NTN quasi-Earth fixed cell. Such information can be provided as part of satellite assistance information for neighbour cells for IoT NTN. 

Observation 1a: Before UE can calculate the exact time of losing coverage of current earth moving cell, UE anyway needs to evaluate the distance between itself and the serving satellite. It may be more straightforward to let UE derive when loss of coverage of current cell might happen according to the evaluation on distance between itself and the serving satellite
Observation 1b: Considering the possible complicated scenario where the UE and satellite move at the same time, one-shot calculation on the exact time of satellite’s stop might not be adequately accurate and stable. UE may still need to re-calculate when the serving satellite will stop from time to time (maybe with additional consideration on UE’s instantaneous speed).
Proposal 2: For earth moving cell, it’s no need to let UE calculate the exact time when loss of coverage of current cell might happen and therefore, no related assistance information, e.g., footprint information needs to be provided for UE.

Proposal 3a: For quasi-earth fixed cell, the distance-based new trigger can be also supported. The reference location of the serving cell and the corresponding threshold are broadcast in system information.
Proposal 3b: For quasi-Earth fixed cell case, if the UE can acquire the reference location of the serving cell and the corresponding threshold, UE can exactly determine when to start the connected mode neighbor cell(s) measurement, e.g., when the distance between UE and serving cell reference location is larger than the corresponding threshold and before the t-Service. 

Proposal 4a: For earth moving cell case, the reference location of the serving cell and the corresponding threshold are broadcast in system information. UE can make use of this information to derive when loss of coverage of current cell might happen.
Proposal 4b: For earth moving cell case, if the UE can acquire the reference location of the serving cell and the corresponding threshold, UE can exactly determine when to start the connected mode neighbor cell(s) measurement, e.g., when the distance between UE and serving cell reference location is larger than the corresponding threshold. 

Proposal 5: The configuration framework for connected mode neighbor cell measurement via SIB can be reused for R18 IoT over NTN and can be further extended, e.g., to incorporate more possible new triggering conditions.

Observation 2a: Different from NB-IoT, it’s not easy to use serving cell stop time information as a new trigger for connected mode measurement for eMTC over NTN as UE may need to trigger measurement much earlier than this serving cell stop time in order to ensure target cell for handover can be found timely. But there is no clear rule on how to set this earlier timing amount.
Observation 2b: If enhancements connected mode neighbor cell measurement in R17 NB-IoT would be applied to eMTC over NTN, RAN2 needs to discuss whether the trigger conditions configuration framework in SIB can also be introduced for eMTC over NTN and how the new configuration coexist with the legacy measurement/report configuration.
Proposal 6: It’s suggested not to introduce new trigger conditions for connected mode neighbor cell measurement for eMTC over NTN.
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Annex
RAN2 configuration and procedure for connected mode measurement
For R17 NB-IoT, the main specification work of the connected mode neighbor cell measurement feature is to introduce the measurement triggering condition based on RSRP. That is, when RSRP of the serving cell is less than a threshold and RSRP variance of the serving cell is higher than a threshold, NB-IoT UE in connected mode starts the neighbor cell measurement. For reference, the configuration for connected mode measurement in SIB3-NB and the measurement trigger procedure are copied as below:
	-- ASN1START

SystemInformationBlockType3-NB-r13 ::=	SEQUENCE {
	cellReselectionInfoCommon-r13			SEQUENCE {
//the unrelated part is skipped//
	]],
	[[	connMeasConfig-r17					ConnMeasConfig-NB-r17	OPTIONAL,	-- Need OR
		t-Service-r17						TimeOffsetUTC-r17				OPTIONAL	-- Need OR
	]]
}
//the unrelated part is skipped//
ConnMeasConfig-NB-r17 ::= SEQUENCE {
	s-MeasureIntra-r17		NRSRP-Range-NB-r14,
	s-MeasureInter-r17		NRSRP-Range-NB-r14	OPTIONAL,	-- Need OP
	neighCellMeasCriteria-r17		SEQUENCE {
				s-MeasureDeltaP-r17		ENUMERATED {dB6, dB9, dB12, dB15},
				t-MeasureDeltaP-r17		ENUMERATED {s15, s30, s45, s60}
			}	OPTIONAL	-- Need OR

}

-- ASN1STOP


[bookmark: _Toc36810013][bookmark: _Toc37082010][bookmark: _Toc29342208][bookmark: _Toc29343347][bookmark: _Toc36846377][bookmark: _Toc36939030][bookmark: _Toc36566599][bookmark: _Toc109167010][bookmark: _Toc46480637][bookmark: _Toc46483105][bookmark: _Toc46481871][bookmark: _Toc20486916]5.5	Measurements
…………………………………………..
[bookmark: _Toc109167065]5.5.8	Measurements in NB-IoT
Upon transition to RRC_CONNECTED mode, the UE shall:
1> if neighCellMeasCriteria is present in SystemInformationBlockType3-NB:
2>	set NRSRPRef to the latest result of the serving cell measurement as used for cell selection/reselection evaluation;
2>	if the relaxed monitoring criterion defined in TS 36.304 [4] was not fulfilled:
3> start T326 with the value t-MeasureDeltaP;
While in RRC_CONNECTED mode, after performing a measurement, the UE shall:
1> in the following use the NRSRP measurement for the measured carrier and nrs-PowerOffsetNonAnchor corresponding to the measured carrier;
1> if neighCellMeasCriteria is present in SystemInformationBlockType3-NB:
2>	if (NRSRPRef – (NRSRP– nrs-PowerOffsetNonAnchor)) > s-MeasureDeltaP:
3> set NRSRPRef = (NRSRP – nrs-PowerOffsetNonAnchor);
3> start or restart T326 with the value t-MeasureDeltaP;
1> if neighCellMeasCriteria is not present in SystemInformationBlockType3-NB; or
1> if T326 is running:
2>	if (NRSRP – nrs-PowerOffsetNonAnchor) < s-MeasureIntra, perform intra-frequency measurements as defined in TS 36.133 [16];
2>	if (NRSRP – nrs-PowerOffsetNonAnchor) < s-MeasureInter, perform inter-frequency measurements as defined in TS 36.133 [16].


RAN4 Performance requirement for connected mode measurement
In R17 NB-IoT, the performance requirement for connected mode measurement (without measurement gaps) is mainly specified in RAN4. The main part are copied as below:
	TS 36.133
8.14.6 NB-IoT neighbour cell measurements
8.14.6.1 Introduction
This clause contains requirements for the neighbour cell measurements performed by the UE category NB1 in RRC_CONNECTED state. The requirements in this clause are applicable when:
· the UE is in normal coverage or in enhanced coverage on the serving cell and
· the target cell fulfils the criteria for normal coverage.
……………………………………..
8.14.6.3 Intra-frequency neighbour cell measurements
………………………………………
Tidentify_intra = Tdetect_intra + Tmeasure _intra
When DRX is not used, Tdetect_intra is 1400 ms, and Tmeasure _intra is 800 ms and 1600 ms for NRS-based measurement and NSSS-based measurement respectively.
When DRX is used, Tdetect_intra and Tmeasure _intra are defined in table 8.14.6.3-1 and 8.14.6.3-2.
Table 8.14.6.3-1: Requirement for intra-frequency detection
	DRX cycle length (s)
	Tdetect_intra (s) (DRX cycles)

	0.256<DRX-cycle≤10.24
	 (6)Note 1

	Note1:	Time depends upon the DRX cycle in use



Table 8.14.6.3-2: Requirement for intra-frequency measurement
	DRX cycle length (s)
	Tmeasure_intra (s) (DRX cycles)

	0.256<DRX-cycle≤10.24
	 (5)Note 1

	Note1:	Time depends upon the DRX cycle in use


When UE is monitoring multiple carriers, Tidentify_intra = Tdetect + Tmeasure, where Tdetect = Tdetect _intra+Nfreq* Tdetect_inter and Tmeasure = Tmeasure _intra+Nfreq* Tmeasure_inter. Nfreq is number of inter-frequency carriers to be measured according to the measurement capability, and Tdetect_inter  and Tmeasure_inter are defined in clause 8.14.6.4
8.14.6.4 Inter-frequency neighbour cell measurements
………………………………………
Tidentify _inter_NB1-NC = Tdetect_inter NB1-NC + Tmeasure _inter NB1-NC
Where
	 ms
-	N = 70,
-	Ta,i is the interval between available measurement samples in measurement occasions (MOdetect_inter_NB1-NC) for inter-frequency detection, where
	40 ms ≤  Ta,i ≤ 5000 ms
-	The UE shall restart the cell detection when the interval between two samples are larger than 5000 ms.
-	The UE is not required to monitor NPSS/NSSS more frequent than once per 40ms. 
-	MOdetect_inter_NB1-NC are time occasions containing NPSS/NSSS and fulfil the following conditions:
-	Resources on which the UE is not scheduled for data transmission or reception, 
-	Resources on which the UE is not required to do NPDCCH monitoring, 
-	Resources occurring during the DRX inactive period
-	Length of MOdetect_inter_NB1-NC  is at least 200 ms.
-	The inter-frequency detection requirements apply when  ≤ 60 seconds per inter-frequency carrier.
Tmeasure_inter_NB1-NC is the physical layer measurement period of NRSRP on the detected inter-frequency cell as defined below:
	 ms
-	M = 60 for NRS-based RRM measurement and M = 40 for NSSS based RRM measurement,
-	Tb,i is the interval between available measurement samples in measurement occasions (MOmeasure_inter_NB1-NC) for inter-frequency measurement, where
	  20 ms ≤  Tb,i ≤ 5000 ms for NRS based measurement or
	40 ms ≤ Tb,i ≤ 5000 ms for NSSS-based measurement
-	The UE shall restart the measurement when the interval between two samples are larger than 5000 ms.
-	The UE is not required to monitor NRS more frequent than once per 20ms for NRS-based measurement and NSSS more frequent than 40 ms for NSSS-based measurement. 
-	MOmeasure_inter_NB1-NC are time occasion containing at least NRS or NSSS that fulfil the following conditions:
-	Resources on which the UE is not scheduled for data transmission or reception, 
-	Resources on which the UE is not required to do NPDCCH monitoring, 
-	Resources occurring during the DRX inactive period,
-	Length of MOmeasure_inter_NB1-NC  is at least 50 ms.
-	The inter-frequency measurement requirements apply when  ≤ 50 sec seconds per inter-frequency carrier.
When UE is monitoring multiple carriers, Tidentify_inter_NB1-NC = Tdetect_NB1-NC + Tmeasure_NB1-NC, where Tdetect_NB1-NC = Tdetect _intra_NB1-NC +Nfreq* Tdetect_inter_NB1-NC and Tmeasure_NB1-NC = Tmeasure _intra_NB1-NC +Nfreq* Tmeasure_inter_NB1-NC. Nfreq is number of inter-frequency carriers to be measured according to the measurement capability, and Tdetect_intra_NB1-NC and Tmeasure_intra_NB1-NC are defined in clause 8.14.6.3



Here is a schematic figure for example MOdetect_inter_NB1-NC, MOmeasure_inter_NB1-NC,  Tdetect_inter NB1-NC and Tmeasure_intra_NB1-NC:


From RAN4 specification, we may notice that the requirements for NB-IoT neighbor cell measurements is only applicable when the target cell fulfils the criteria for normal coverage. Furthermore, in the following LS (RAN4 LS [R4-2105800, RAN4#98-bis-e, Apr. 2021] which reply to RAN2 LS [R2-2102165, RAN2#113-e, Feb. 2021]), RAN4 has mentioned some additional considerations:
	Q1: Can UE perform measurements on neighbour anchor for RRC reestablishment, before RLF is declared, without measurement gaps and what would the conditions be?
[RAN4 Response]: When the target cell is in normal coverage: for scenario A and C, UE could perform measurements on neighbour cells without measurement gaps; for scenario B, D and E, UE could perform measurements on neighbour cells without measurement gaps using the occasions without causing interruptions on serving cells, for example:
· Vacant slots not scheduled for data transmission
· When not required to do data transmission/reception or NPDCCH monitoring 
· OFF period When UE is configured with DRX
From RAN4’s perspective, neighbour cell measurement in RRC_CONNECTED state when the target cell is in enhanced coverage is not the typical scenario to be considered.
Q2: How long does it take to perform cell detection both in normal and in extended coverage?
[RAN4 Response]: When the target cell is in normal coverage, for scenario A-E, the time needed for cell detection is 1400 ms. For scenarios B, D and E, the length of a single measurement occasion for detection shall be at least 400 ms, and the maximum interval between two occasions for detection on the cell is less than 5 seconds.
When the target cell is in enhanced coverage, for scenario A-E, the time needed for cell detection is 14800 ms. For scenarios B, D and E, the length of a single measurement occasion for detection shall be at least 2000 ms, and the maximum interval between two occasions for detection on the cell is less than 5 seconds.
The overall time for cell detection will be longer if UE is configured to perform neighbour cell measurement on multiple frequency layers.


In the above replied LS, RAN4 list different requirements on the length of a single measurement occasion for different scenarios (corresponding to intra-frequency or inter-frequency measurements). For reference, the scenarios mentioned in [R2-2102165, RAN2#113-e, Feb. 2021] are listed below:
	Scenario
	Serving & Neighbour cell anchor carrier frequency
	UE connected mode operating Frequency

	A
	Intra-frequency
	Anchor carrier

	B
	Intra-frequency
	Non-Anchor carrier

	C
	Inter-frequency
	Non-Anchor carrier but same as Neighbour cell Anchor carrier

	D
	Inter-frequency
	Anchor carrier

	E
	Inter-frequency
	Non-Anchor carrier but different from Neighbour cell Anchor carrier


In the above response LS, RAN4 mentioned that neighbor cell measurement in RRC_CONNECTED state when the target cell is in enhanced coverage is not the typical scenario to be considered. That’s why the requirements for NB-IoT neighbor cell measurements is only applicable when the target cell fulfils the criteria for normal coverage. The main reason may be that UE in enhanced coverage (e.g., in a deep coverage area in building) is generally static and the probability of triggering RLF is very low. 
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