Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG4 Meeting #108bis	R4-2316351
Xiamen, China, 9 – 13 October 2023
Agenda Item:	6.6.4
Source:	Ericsson
Title:	Discussions on RRM requirements for IoT NTN enhancements
Document for:	Discussions
1	Introduction
A new Rel-18 work item (WI) on IoT NTN enhancements was approved [1]. RAN4 continued to discuss the RRM impact of this WI which were summarized in [2].  In this contribution, we provide discuss and provide our view on those. 
2	Discussions
Scaling factor for multiple NGSO satellites
RAN4 discussed the scaling factor K_satellite and whether to revise the definition as follows [1]:
	Issue 1-0: Clarification on K_satellite
FFS how clarify the value of K_satellite.
· Option 1: For each inter-frequency carrier 
· if exists 2 satellites (including UE serving satellite) which need to be monitored by UE, the scaling factor = 2 is needed 
· if only exists 1 satellite which need to be monitored by UE, scaling factor is 1.
· Other options are not precluded.



Following UE measurement capability was agreed in first release of IoT NTN [3]:
	4.6A.2.8	UE measurement capability
For idle mode cell re-selection purposes, the UE shall be capable of monitoring at least:
-	Depending on UE capability, an intra-frequency carrier.
-	Depending on UE capability, at least 2 inter-frequency carriers.
In LEO deployments, the UE shall be capable of monitoring: 
-	for intra-frequency carrier, the number of target satellites UE needs to monitor is  at least [2] including serving LEO satellite.
-	for inter-frequency carrier, the number of target satellites UE needs to monitor per carrier is at least [2] if one of the target satellites include the UE serving satellite; the number of target satellites UE needs to monitor is at least [1] otherwise
-	In addition to the requirements defined above, the UE which operates in LEO deployment shall be capable of monitoring a total of at least [2] satellites including the serving satellite.



Option 1 is aligned with the existing requirements but wording is revised to make it clear that requirements apply provided that if N number of satellites exists. Therefore, option 1 is acceptable to us. 

For each inter-frequency carrier: 
· if exists 2 satellites (including UE serving satellite) which need to be monitored by UE, the scaling factor = 2 is needed 
· if only exists 1 satellite which need to be monitored by UE, scaling factor is 1.

Time-based triggering Neighbour cell measurements in connected mode for eMTC
RAN2 agreed to introduce t-ServiceStart for neighbour cells for earth-fixed cells as shown below [RAN2#122]:
Agreements:
1. For earth-fixed cells, introduce t-ServiceStart for neighbor cells. If UE is aware of the t-ServiceStart of the neighbour cell then may be used (up to UE implementation) to determine when to start measurements of that neighbor cell
2. If the serving cell t-service expires, stop T310 (if running) and start T311 (i.e. perform cell search and re-establishment without attempting to recover on the current cell for the duration of T310). FFS on discontinuous coverage
3. The distance between the UE and a second reference location (e.g. within a neighbour cell) is not taken into account.
4. R18 location and time based trigger for measurements (for connected mode and for idle) apply to both NB-IoT and eMTC.

It is recalled that RAN4 had already discussed, in first release of IoT NTN, how the t-ServiceStart can be used in the serving cell measurements and reached the conclusion as follows [3]:
	When the UE is provided with t-serviceStart-r17 and has discontinuous coverage capabilities, then after t-service-r17 is reached and the UE is out of coverage, the UE may delay or resume cell measurements/search till when the UE is in coverage.



Parameter t-Service, on the other hand, is not provided for the neighbour cells which means that the above agreements cannot be reused for the neighbour cell measurements [RAN2#123]:
	7.6.3.1	Enhancements for neighbour cell measurements
· For eMTC, the new SIB (SIBxx) is not an essential SIB. UE does not need to consider the cell barred if it is unable to acquire the SIB when scheduled.
· RAN2 will not consider to include cell stop time of neighbor cell in the new SIB (SIBxx) in this release.




Observation 1: Only Cell stop time (t-Service) is provided for neighbour cells. 
Observation 2: For earth-fixed cells, cell start time (t-ServiceStart) is provided for neighbour cells. 

It is noted that relaxed neighbour cell measurements are supported for both NB-IoT and eMTC over NTN. These requirements allow the UE to completely skip neighbour cell measurements when the relaxed monitoring criterion is met. ‘t-ServiceStart’ indicates when the coverage of a measured cell is going to be resumed. However, the UE may need some additional time to reacquire the synchronization  (this includes both identifying of cells, measuring and receiving the necessary system information) after discontinuous coverage which means that the UE cannot resume normal operation immediately after ‘t-ServiceStart’. Unlike in TN operation where the UE can always wake up before the ON duration/active time to perform synchronization (e.g. T/F tracking), the IoT NTN UE can only perform the synchronization after ‘t-ServiceStart’. Therefore, the UE should not enter the relaxation state directly upon ‘t-ServiceStart’ after a discontinuous coverage. In addition, we see benefit in measuring following the shorter DRX cycles if configured with eDRX  cycles. In addition, the it is also noted that the UE may have difficulties to receive paging messages directly after ‘t-ServiceStart’ since UE may not be synchronized for the short time period directly after ‘t-ServiceStart’. This means the UE may have to drop the paging messages during this time period.

If the UE is configured with eDRX_IDLE cycle then the UE shall meet the requirements defined for eDRX_IDLE cycle of 5.12 s during [2] eDRX_IDLE cycles immediately after ‘t-ServiceStart-r17’.
The UE is allowed to drop paging during [2] DRX cycles immediately after ‘t-ServiceStart-r17’.



Following open issues were identified for discussions in [1]:
	· For eMTC in quasi-earth fixed cell introduce time-based triggering in core spec according to RAN2’s design. 
· UE shall perform intra/inter-frequency measurements before t-Service, the exact time to start measurements is FFS
· Option 1: left up to UE implementation
· if t-ServiceStartNeigh is present the behavior is FFS
· Option 1: UE implementation can decide to start measurements upon or after t-ServiceStartNeigh;
· FFS whether to apply the same requirements to earth-moving cell.
· FFS Ttrigger definition from IDLE mode in current spec are reused for CONNECTED mode
…………………………..

· For NB-IoT in quasi-earth fixed cell introduce time-based triggering in core spec according to RAN2’s design. 
· UE shall perform intra/inter-frequency measurements before t-Service, the exact time to start measurements is FFS
· Option 1: left up to UE implementation
· if t-ServiceStartNeigh is present the behavior is FFS
· Option 1: UE implementation can decide to start measurements upon or after t-ServiceStartNeigh;
· FFS whether to apply the same requirements to earth-moving cell.
· FFS on requirements for the case of intra-frequency measurement for LEO case and when neighbor cell belongs to different satellite




From RAN4 measurement perspective, it is beneficial for the UE to start the measurements at least certain time before start of t-Service in order to have a complete measurement before entering the discontinuous coverage. Otherwise, if the measurements are not started early enough (e.g. very close in time to t-Start) then the UE may not have sufficient time to collect the number of samples needed to perform the averaging and have a complete measurement ready. In this case, the UE may need to discard the already started measurements and collected samples since it failed to complete the measurement before the t-Service was reached. This may have negative impact on the UE power consumption and should be avoided especially given that these are IoT devices designed for long battery life. Hence, it is essential to start the neighbour cell measurements at least time T1 before start of t-Service, where T1 corresponds to number of samples (i.e. measurement period from legacy requirements) needed to perform the intended measurements. However, since inter-frequency measurements occasions are not always guaranteed it is difficult to define the minimum time before t-Service UE shall initiate the measurement. 

For eMTC and NB-IoT, the UE shall start the intra-frequency neighbour cell measurements at least time T1 before t-Service, where T1 is the time required to perform one intra-frequency neighbour cell measurement.

It is also noted that the IoT NTN RRM requirements are defined for two types of satellites, GSO and NGSO. The RRM requirements do not differentiate between the quasi-earth fixed and earth-moving cells. Therefore, we propose to define a common set of requirements for both quasi-earth fixed and earth-moving cells.  
Requirements for time-based triggering of neighbour cell measurements apply to both quasi-earth fixed and earth-moving cells. 
An example of how Ttrigger is used in the legacy requirements is shown below [3]:
	If t-Service is broadcasted and applicable, UE shall be able to detect, measure, and evaluate neighbour cells before t-Service is reached, regardless of the rules currently limiting the UE measurement activities, and when to start the detection, measurement and evaluation on neighbour cells is up to UE implementation. This requirement does not apply when the time span from the last slot of SI transmission within SI modification period where the broadcasting of t-Service is started to the first slot when the cell is scheduled to stop serving the area according to the broadcasted information is less than Ttrigger. 
	Ttrigger = max(Tdetect,NB_Intra_NC , Pcarrier * Tdetect,NB_Inter_NC),



Ttrigger is used in a similar way for both intra- and inter-frequency neighbour cell measurement requirements. In CONNECTED mode, the UE may need measurement gaps to measure on the neighbour cells and the requirements are defined in terms of Tidentify_intra_UE cat M1 which already depends on the gaps. Therefore the Ttrigger formula may need to be revised for eMTC to account for Tidentify_intra_UE cat M1.

Observation 3: Cell detection of neighbour cells may need measurement gaps in CONNECTED mode. 
Ttrigger formula in CONNECTED mode should be based on Tidentify_intra_UE cat M1. 
Measurements of neighbour cells served by a NGSO satellites
It is recalled that there was no support for neighbour cell measurements in the first release of IoT NTN from RAN4 RRM perspective since no neighbour cell satellite information was broadcasted by the network. This supported was introduced in release 18 IoT NTN which makes neighbour cell measurements possible. Regarding the neighbour cell measurements, following issue was brought up at last meeting [1]:
	Issue 1-4 (new): NGSO, neighbor cell measurement upon t-Service-r17
Further discuss whether the following proposal is agreeable:
· If the UE is configured with ‘t-Service-r17’ [2] and eDRX_IDLE, then the UE shall meet the requirements defined for DRX cycle length of [2.56] s in Table 4.7A.2.1.1-1 starting from at least [2] DRX cycles before ‘t-Service-r17’.



Unlike NR NTN, it shall be noted that NB-IoT and eMTC requirements apply to both normal coverage and enhanced coverage. The measurement delays are significantly longer even for the normal coverage compared to the corresponding legacy requirements. This means the total measurement delay can be much longer when configured with the long DRX cycle especially for UEs configured with eDRX compared to short DRX cycles. Therefore situations may arise where IoT NTN UEs may have not done any neighbour cell measurements during a long time period (e.g. ~40 minutes) corresponding to the eDRX cycles and then suddenly cell to be measured may not be available for measurement due to discontinuous coverage. To avoid this problem, the UE can simply measure following a short DRX cycles when configured with long DRX cycles (e.g. eDRX) before approaching ‘t-Service’ on the serving cell. It shall be pointed out that this problem is unique for IoT NTN UEs since they can be configured with eDRX cycles which is not the case for NR NTN UEs. Therefore we make following proposal:
 
If the UE is configured with DRX cycle ≥ [1.28] sec, then the UE shall meet the serving cell evaluation requirements defined for DRX cycle of [640] ms starting from at least 2 configured DRX cycles before ‘t-Service-r17’. 
If the UE is configured with ‘t-Service-r17’ [2] in the serving cell and eDRX_IDLE, then the UE shall meet the requirements defined for DRX cycle length of [2.56] s in Table 4.7A.2.1.1-1 starting from at least [2] DRX cycles before ‘t-Service-r17’.

Location-based triggering of neighbour cell measurements in IDLE and CONNECTED mode
Following was agreed regarding location-based triggering of neighbour cell measurements in CONNECTED mode for NB-IoT and eMTC [1]:
	Issue 2-3: Location-based triggering Neighbour cell measurements in connected mode
· For NB-IOT NTN and eMTC NTN, quasi-earth fixed cell and earth-moving cell, RAN4 to define location-based connected mode measurement initiation condition in core spec.
· UE should perform intra/inter-frequency measurements when the criteria for location is met.

Issue 2-4: Location-based triggering Neighbour cell measurements – distance margin
Further discuss the following proposals:
· Proposal 1: For location-based triggering neighbour cell measurements in connected mode, the requirements apply provided that the distance exceeds the distanceThresh by a margin of 50 + X m. FFS the value of X as the UE is not required to update the GNSS location for Location-based connected mode measurement initiation. 



It is recalled that location-based triggering of neighbor cell measurements with same principle were introduced for NR NTN in release 17. It is shown below how those requirements were defined for intra-frequency and inter-frequency neighbor cell measurements [4]:
	4.2C.2.3	Measurements of intra-frequency NR cells
The UE shall be able to identify new intra-frequency cells and perform SS-RSRP and SS-RSRQ measurements of the identified intra-frequency cells without an explicit intra-frequency neighbour list containing physical layer cell identities.
If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh if the distanceThresh is configured  (see TS 38.304[1]) and UE has location information, then the UE may not perform measurement of intra-frequency.
The UE shall be able to evaluate whether a newly detectable intra-frequency cell meets the reselection criteria defined in TS38.304 [1] within Kmulti_SMTC * Tdetect,NR_Intra when that Treselection= 0 if the UE does not support the feature for enhanced RRM requirements defined in TS38.306 [14] or if the enhancedMeasurementLEO-r17 is not enabled, or within Kmulti_SMTC *  Tdetect,NR_Intra_enh if the UE supports the feature for enhanced RRM requirements defined in TS38.306 [14] and the enhancedMeasurementLEO-r17 is enabled. An intra frequency cell is considered to be detectable according to the conditions defined in Annex B.1.6 for a corresponding Band.
……
4.2C.2.4	Measurements of inter-frequency NR cells
The UE shall be able to identify new inter-frequency cells and perform SS-RSRP or SS-RSRQ measurements of identified inter-frequency cells if carrier frequency information is provided by the serving cell, even if no explicit neighbour list with physical layer cell identities is provided.
If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh if distanceThresh is configured and UE has location information, then the UE shall search for inter-frequency layers of higher priority at least every Thigher_priority_search where Thigher_priority_search is described in clause 4.2C.2.9.
If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, or the distance between UE and serving cell reference location is larger than distanceThresh if distanceThresh is configured and UE has location information, then the UE shall search for and measure inter-frequency layers of higher, equal or lower priority in preparation for possible reselection. The requirements apply provided that the distance exceeds the distanceThresh by a margin of 50 m. In this scenario, the minimum rate at which the UE is required to search for and measure higher priority layers shall be the same as that defined below in this clause.
……



Since the principle of location-based triggering of neighbour cell measurements is same as in NR NTN, we propose to reuse the requirements (including the margin) with necessary modifications of the parameters.
For IDLE mode location-based triggering of neighbour cell measurements for eMTC and NB-IoT, RAN4 to reuse the corresponding NR NTN requirements (including the margin for distanceThresh) defined in clause 4.2C.2.3 and 4.2C.2.4 in TS 38.133 with necessary modifications of parameters names. 
For location-based triggering of neighbour cell measurements in CONENCTED mode, it was proposed in [5] to add the location-condition to the existing criteria for triggering the neighbour cell measurements. We agree to this proposal, and this would mean that only the conditions to trigger the neighbour cell measurements would be impacted while the actual delays remain the same.
  For CONNECTED mode location-based triggering of neighbour cell measurements for eMTC and NB-IoT, add the location-conditions to the existing list of conditions to trigger the neighbor cell measurements. But the delay requirements remain same. 

GNSS re-acquisition, impact on other RRM requirements
Regarding the objective on improved GNSS operations, RAN1/RAN2 has agreed to introduce new measurement gaps for the IoT NTN UE to reacquire GNSS CONNECTED mode. The gap duration is configured based on the UE reported value for the GNSS position fix time duration.  
In addition, the eMTC UE can be configured with measurement gaps to perform measurements on neighbour cells. Sometimes measurement gaps are also needed to perform serving cell measurements due to reduced channel bandwidth. The gaps configured for eMTC can be of gap pattern ID#0 and ID#1 which refer to different gap pattern. These gaps are different from those configured for reacquiring GNSS and can therefore also be be partially or fully overlapping with the gaps used for GNSS measurement as shown in Figure 1 below: 


Figure 1 Overlapping of GNSS gap and mobility measurement gaps
The UE behaviour during the overlapping period needs to be discussed and clarified. One simple option is to prioritize the gaps used for the GNSS measurements over those used for mobility measurements since they are more critical at this stage. In this case, the UE first completes the GNSS measurement using the GNSS gap and thereafter perform the mobility measurements using the gaps. The gaps configured for the mobility measurements shall be suspended during the overlapping time period.
In our view, adding a general description that measurement delay could be longer if GNSS fix happens during the measurement time does not solve the problem. It is important to have clear behavior defined especially given that GNSS gap length can be quite long which may result in that the UE may even fail to perform the mobility measurements during that time period. In addition, if the behavior is clearly defined then the network can use those map resources for other UEs and the NW may also the scheduling based on this information. 
  
[bookmark: _Toc142656845]If gaps configured for reacquiring GNSS and gaps configured for mobility measurements at least partially overlaps in time with other, then UE shall suspend the gaps configured for mobility measurements and instead prioritize the use of GNSS gaps.

As stated earlier in this contribution, RAN2 has agreed to introduce t-ServiceStart for neighbour cells which indicates when incoming satellite starts serving the area. This means before reaching t-ServiceStart there will not be any coverage and hence configured measurement gaps cannot be utilized and will be wasted. 
Observation 4: If t-ServiceStart is provided for a neighbour cell, the configured measurement gaps occurring until t-ServiceStart will be wasted due to no coverage. 
One straightforward action is to suspend the measurement gap pattern configured for performing measurements until time indicated by the parameter t-ServiceStart, if available. This would allow the NW to schedule the UE during this time period since the UE anyways won’t be able to perform any neighbour cell measurements. 

[bookmark: _Toc142645351]If t-ServiceStart is provided, measurement gap pattern(s) configured for neighbour cell measurements are suspended until time t-ServiceStart.

[bookmark: _In-sequence_SDU_delivery]3	Summary
In this contribution we have discussed and provided our on the open issues on RRM impact identified at last meeting. Based on the discussions, we have made following observations and proposals:


1. For each inter-frequency carrier: 
· if exists 2 satellites (including UE serving satellite) which need to be monitored by UE, the scaling factor = 2 is needed 
· if only exists 1 satellite which need to be monitored by UE, scaling factor is 1.

Observation 1: Only Cell stop time (t-Service) is provided for neighbour cells. 
Observation 2: For earth-fixed cells, cell start time (t-ServiceStart) is provided for neighbour cells. 

If the UE is configured with eDRX_IDLE cycle then the UE shall meet the requirements defined for eDRX_IDLE cycle of 5.12 s during [2] eDRX_IDLE cycles immediately after ‘t-ServiceStart-r17’.
The UE is allowed to drop paging during [2] DRX cycles immediately after ‘t-ServiceStart-r17’.

For eMTC and NB-IoT, the UE shall start the intra-frequency neighbour cell measurements at least time T1 before t-Service, where T1 is the time required to perform one intra-frequency neighbour cell measurement.
Requirements for time-based triggering of neighbour cell measurements apply to both quasi-earth fixed and earth-moving cells. 

Observation 3: Cell detection of neighbour cells may need measurement gaps in CONNECTED mode. 

Ttrigger formula in CONNECTED mode should be based on Tidentify_intra_UE cat M1. 


If the UE is configured with DRX cycle ≥ [1.28] sec, then the UE shall meet the serving cell evaluation requirements defined for DRX cycle of [640] ms starting from at least 2 configured DRX cycles before ‘t-Service-r17’. 
If the UE is configured with ‘t-Service-r17’ [2] in the serving cell and eDRX_IDLE, then the UE shall meet the requirements defined for DRX cycle length of [2.56] s in Table 4.7A.2.1.1-1 starting from at least [2] DRX cycles before ‘t-Service-r17’.
For IDLE mode location-based triggering of neighbour cell measurements for eMTC and NB-IoT, RAN4 to reuse the corresponding NR NTN requirements (including the margin for distanceThresh) defined in clause 4.2C.2.3 and 4.2C.2.4 in TS 38.133 with necessary modifications of parameters names. 
  For CONNECTED mode location-based triggering of neighbour cell measurements for eMTC and NB-IoT, add the location-conditions to the existing list of conditions to trigger the neighbor cell measurements. But the delay requirements remain same. 
  
If gaps configured for reacquiring GNSS and gaps configured for mobility measurements at least partially overlaps in time with other, then UE shall suspend the gaps configured for mobility measurements and instead prioritize the use of GNSS gaps.

Observation 4: If t-ServiceStart is provided for a neighbour cell, the configured measurement gaps occurring until t-ServiceStart will be wasted due to no coverage. 

If t-ServiceStart is provided, measurement gap pattern(s) configured for neighbour cell measurements are suspended until time t-ServiceStart.
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