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1. Introduction
The Rel-18 WID IoT NTN enhancements was approved in [1] to improve the mobility/throughput/GNSS operation performance compared with Rel-17 IoT NTN. The RRM impacts were discussed in last meeting with agreements captured in [2]. In this contribution, we further provide our views on remaining issues.
2. [bookmark: _GoBack]Discussion
2.1 Mobility enhancement
Regarding the mobility enhancement, the latest progress achieved in RAN2#122 are summarized as follows:
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.

Based on the progress in RAN2 so far, the mobility enhancement about measurement triggering in both IDLE mode and CONNECTED mode for NB and eMTC are summarized in following table.
Table I. Timing/location-based Measurement initiation
	IDLE/CONNECTED
	Moving/fixed Cell
	Timing/location
	NB-IoT
	eMTC

	IDLE
	Earth moving cell
	Timing
	UE start measurement before losing coverage. The exact time is up to UE implementation
	UE start measurement before losing coverage. The exact time is up to UE implementation

	
	
	Location
	FFS
	start measurement when exceeding distance threshold

	
	Quasi Earth fixed cell
	Timing
	UE start measurement before t-Service. The exact time is up to UE implementation
	UE start measurement before t-Service. The exact time is up to UE implementation

	
	
	Location
	FFS
	start measurement when exceeding distance threshold

	CONNECTED 
	Earth moving cell
	Timing
	UE start measurement before losing coverage. The exact time is up to UE implementation
	UE start measurement before losing coverage. The exact time is up to UE implementation

	
	
	Location
	start measurement when exceeding distance threshold 
	start measurement when exceeding distance threshold

	
	Quasi Earth fixed cell
	Timing
	UE start measurement before t-Service. The exact time is up to UE implementation
	UE start measurement before t-Service. The exact time is up to UE implementation

	
	
	Location
	Initiate measurement when exceeding distance threshold
	Initiate measurement when exceeding distance threshold



Based on the supported solution agreed in RAN2, we provide our analysis on requirements impacts in case by case manner in this contribution.
IDLE mode
For IDLE mode timing-based measurement initiation, similar as NR NTN, UE shall be able to detect, measure and evaluate neighbor cell before t-Service, and when to start the detection, measurement and evaluation on neighbour cells is up to UE implementation. The corresponding descriptions are already captured in the spec.
Observation 1: For timing-based measurement initiation before t-Service, the corresponding requirements are already captured in the spec.
For location-based measurement, in NR NTN, for fixed cell the following are defined for location triggered cell reselection measurement. For moving cell, the requirements are under discussion in Rel-18 NR NTN WI, but likely it would be similar to fixed cell.
	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.



For eMTC and fixed cell, it is straightforward to re-use the requirements from NR NTN because the mechanism is same. For eMTC and moving cell, we suggest to wait for further progress in Rel-18 NR NTN WI. Whether the requirements are also applicable to NB-IoT depends on further RAN2 agreement. For NB-IoT, whether to define location-based measurement initiation is till under discussion. Thus, it is suggested to wait for more progress in RAN2.
Proposal 1: For location triggered cell reselection measurement,
- For eMTC fixed cell, re-use the requirements from NR NTN
- For eMTC moving cell, wait for further progress in Rel-18 NR NTN WI
- FFS whether the requirements are also applicable to NB-IoT pending on further RAN2 agreement
CONNECTED mode
For connected mode neighbor cell measurement, the latest status in RAN4 is summarized as follows:
	Issue 4-1: Neighbour cell measurements in connected mode, time-based
Continue discussion on the following proposals: 
· Proposal 1: For for t-service triggered neighbor cell measurement before RLF for NB-IoT: 
· Option 1a: Do not define requirements for t-service triggered neighbour cell measurement. (Huawei)
· Option 1b: The UE shall be able to measure only intra-frequency neighbour cell before t-service provided that the time span from the SI broadcasting t-service to t-service is longer than Tidentify_intra, and when to start the detection, measurement and evaluation on neighbour cells is up to UE implementation. 
· Proposal 2a: Support neighbor cell measurements initiated before t-service before RLF and wait for RAN2 definition on the indication of the “start time” of neighbor satellite to decide the point in time where the measurements are initiated. 
· Proposal 2b: For NB-IOT NTN of quasi-earth fixed cell and earth-moving cell, RAN4 should introduce time-based connected mode measurement initiation in core spec according to RAN2’s design. The exact time to start measurements in connected mode before t-Service can be left to UE implementation. 

· Proposal 3: The NB-IoT UE shall start the intra/inter-frequency measurements at least before time T1 before start of t-Service, where T1 is the time required to perform one measurement. 

Issue 4-2: Neighbour cell measurements in connected mode, location-based
Continue discussion on the following proposals:
· Proposal 1: For location-based triggering, add the corresponding criteria (reference location and distance threshold) and the same requirements as NRSRP based triggering can apply, and the details should wait for more progress in RAN2. (Huawei)
· Proposal 2: For eMTC NTN of quasi-earth fixed cell and earth-moving cell, RAN4 should introduce location-based IDLE mode measurement initiation condition in core spec according to RAN2’s design. The measurement initiation mechanism for NR-NTN could be reused. (CMCC)
· Proposal 3: For earth-moving cell, RAN4 to discuss how to define the requirements for the propagation of the referenceLocationh based on the satellite movement. (Nokia)
Recommended WF: Discuss proposals.




According the agreement in last RAN2 meeting, the timing and location triggered neighbor cell measurement under discussion in RAN2 can apply to both NB-IoT and eMTC. For timing neighbor cell measurement, in general UE shall be able to start neighbor cell measurement based on t-Service in addition to existing measurement triggering criteria. Based on RAN2 agreements, the t-Service triggered neighbor cell measurement are only considered in quasi-earth fixed Cell. For earth moving cell, UE initiates neighbor cell measurement before losing coverage. For both quasi-earth fixed cell and earth moving cell, RAN2 agreed that it is up to UE implementation when to start the measurement.  
Observation 2: For quasi-earth fixed cell, UE shall start neighbor cell measurement before t-Service. For earth moving cell, UE shall start neighbor cell measurement before losing coverage. The exact time to start measurement can be left to UE implementation.
Thus, the situation is quite similar as Cell reselection for NR NTN. RAN4 shall not additionally define the exact time to start measurement which may against RAN2 agreement. Instead, similar approach shall be considered that UE shall be able to detect, measure, and evaluate neighbour cell before t-Service 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 equal or larger than certain time period.
Observation 3: For quasi-earth fixed cell, similar approach in IDLE mode cell reselection shall be used that UE shall be able to detect, measure, and evaluate neighbour cell before t-Service.
However, the difference is that how to define the time period for connected mode neighbour cell measurement, which may be different for NB-IoT and eMTC.
For NB-IoT, as explained in previous meetings, it is hard to define a similar time period as Ttrigger. In current spec, Ttrigger is defined as follows:
Ttrigger = max(Tdetect,NB_Intra_NC , Pcarrier * Tdetect,NB_Inter_NC)
For IDLE mode cell reselection, Tdetect,NB_Intra_NC and Tdetect,NB_Inter_NC deterministic value depends on the DRX configuration. However, for connected mode neighbour cell measurement before RLF, the inter-frequency measurement delay are variable depends on the actual available measurement samples.
		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




Observation 4: For neighbour cell measurement before RLF for NB-IoT, the measurement delay for inter-frequency neighbour cell is variable depending on NW scheduling, which means it is hard to define a time period as “Ttrigger” in IDLE mode.
An alternative way is to define the time period only considering intra-frequency neighbour cell measurement where the intra-frequency measurement delay is deterministic. Thus, it is proposed that UE shall be able to measure only intra-frequency neighbour cell before t-service provided that the time span from the SI broadcasting t-service to t-service is longer than Tidentify_intra, and when to start the detection, measurement and evaluation on neighbour cells is up to UE implementation. 
Proposal 2: For NB-IoT in quasi-earth fixed Cell, he UE shall be able to measure only intra-frequency neighbour cell before t-service provided that the time span from the SI broadcasting t-service to t-service is longer than Tidentify_intra, and when to start the detection, measurement and evaluation on neighbour cells is up to UE implementation. 
For eMTC, the measurement period for both intra- and inter-frequency are deterministic values as defined in clause 8.13A, so it is straightforward to reuse the current Ttrigger definition as copied above.  
Proposal 3: For eMTC in quasi-earth fixed Cell, the requirements for timing-based measurement initiation and Ttrigger definition from IDLE mode in current spec are reused for CONNECTED mode. 

For location-based triggering, the case is simpler. In existing requirements for TN, UE shall be able to identify a new detectable neighbour cell when the NRSRP based criteria is met as defined in 36.331 which is shown as below. Then, for location-based triggering, it is straightforward to add the criteria for location based triggered and the same requirements as NRSRP based triggering can apply. 
For both quasi-earth fixed cell and earth moving cell, for NB-Iot and mMTC, add descriptions that UE shall start neighbour cell measurement when the criteria for location is met, and the details shall wait for more progress in RAN2.

Proposal 4: For both quasi-earth fixed cell and earth moving cell, for NB-Iot and mMTC, add descriptions that UE shall start neighbour cell measurement when the criteria for location is met, and the details shall wait for more progress in RAN2.
2.2 CHO for eMTC
RAN2 has not made further progress on eMTC CHO during May meeting. CHO requirements for Rel-17 NR NTN are defined based on the principle that time or location-based condition is always configured together with RSRP based condition. However, until May meeting there was no consensus in RAN2 whether this principle still holds for IoT NTN or not. In this situation, we believe RAN4 should further wait for RAN2 progress before discussing the exact CHO requirements.
Proposal 5: RAN4 should further wait for RAN2 progress before discussing exact requirements for time and [location based] CHO for eMTC.

2.3 GNSS re-acquisition
The status of GNSS re-acquisition of RRM impacts is shown as follows. 
	· Agreements
· Capture in specification that when a UE is measuring the GNSS in a GNSS-MG RLM monitoring is suspended. FFS on the impact on RLM requirements.



Based on RAN1 discussion, there are potentially two method for UE to re-acquire GNSS. Alternative one is that NW will configure a gap for UE explicitly for GNSS re-acquisition. The other alternative is UE to acquire GNSS autonomously. 
For NW triggered Gap, based on latest RAN1 progress which is shown below, NW will configure a gap according to the reported GNSS fix time duration. And it is triggered aperiodically via MAC CE. From our understanding, there is not much RAN4 RRM impacts since the triggering method/gap length will be clearly defined by RAN1/2. The potential impact could be the gap pattern to be captured in RAN4 spec if needed.
Regarding the impacts on other RRM requirements, from our understanding, it may have impacts on connected mode measurement. For instance, for inter-frequency neighbor cell measurement for NB-IoT, the measurement occasion shall also fulfill the condition that it is the resource where UE is not performing GNSS fix. For other measurement in connected mode, the measurement delay could be longer if GNSS fix happens during the measurement period.
Proposal 6: For inter-frequency neighbor cell measurement for NB-IoT, the measurement occasion shall also fulfill the condition that it is the resource where UE is not performing GNSS fix. 
Proposal 7: For measurement during connected mode, add generic description that the measurement delay could be longer if GNSS fix happens during measurement period.

3. Conclusions
Observation 1: For timing-based measurement initiation before t-Service, the corresponding requirements are already captured in the spec.
Proposal 1: For location triggered cell reselection measurement,
- For eMTC fixed cell, re-use the requirements from NR NTN
- For eMTC moving cell, wait for further progress in Rel-18 NR NTN WI
- FFS whether the requirements are also applicable to NB-IoT pending on further RAN2 agreement
Observation 2: For quasi-earth fixed cell, UE shall start neighbor cell measurement before t-Service. For earth moving cell, UE shall start neighbor cell measurement before losing coverage. The exact time to start measurement can be left to UE implementation.
Observation 3: For quasi-earth fixed cell, similar approach in IDLE mode cell reselection shall be used that UE shall be able to detect, measure, and evaluate neighbour cell before t-Service.
Observation 4: For neighbour cell measurement before RLF for NB-IoT, the measurement delay for inter-frequency neighbour cell is variable depending on NW scheduling, which means it is hard to define a time period as “Ttrigger” in IDLE mode.
Proposal 2: For NB-IoT in quasi-earth fixed Cell, he UE shall be able to measure only intra-frequency neighbour cell before t-service provided that the time span from the SI broadcasting t-service to t-service is longer than Tidentify_intra, and when to start the detection, measurement and evaluation on neighbour cells is up to UE implementation. 
Proposal 3: For eMTC in quasi-earth fixed Cell, the requirements for timing-based measurement initiation and Ttrigger definition from IDLE mode in current spec are reused for CONNECTED mode. 
Proposal 4: For both quasi-earth fixed cell and earth moving cell, for NB-Iot and mMTC, add descriptions that UE shall start neighbour cell measurement when the criteria for location is met, and the details shall wait for more progress in RAN2.
Proposal 5: RAN4 should further wait for RAN2 progress before discussing exact requirements for time and [location based] CHO for eMTC.
Proposal 6: For inter-frequency neighbor cell measurement for NB-IoT, the measurement occasion shall also fulfill the condition that it is the resource where UE is not performing GNSS fix. 
Proposal 7: For measurement during connected mode, add generic description that the measurement delay could be longer if GNSS fix happens during measurement period.
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