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[bookmark: _Toc116995841]Introduction
In Rel-17, support for NB-IoT and eMTC over NTN was studied in [1] and defined in RAN1, RAN2, and RAN3 under the Work Item described in [2].  For continuing the work, a WI for enhanced NB-IoT/eMTC operation in NTN was also approved [3]. The discussions on this WI were started in RAN4 #107 and the way forward was captured in [4]. This contribution aims at discussing the requirements for some of the features introduced in this WI.

[bookmark: _Toc116995842]Discussion

Measurement on neighbor satellites
In the previous meeting, agreements were reached in RAN4 regarding neighbor cell measurements from IoT devices in NTN, in special for the cases where the neighbor cells belong to different satellites than that relative to the serving cell [4]. Some of the agreements need further clarification from our point of view: 
	Issue 1-1: Measurement capabilities on number of NGSO satellites
· Agreements
· Clarify that the sets of neighbor satellites for inter-frequency measurements that the UE shall be capable to measure in each frequency layer in NGSO scenarios are not necessary the same

Issue 1-2: Scaling factor for multiple NGSO satellites
· Agreements
· Introduce scaling factor for multiple NGSO satellites for NB intra-frequency neighbour cell measurement in connected mode. FFS for inter-frequency measurements.




Regarding the agreement on issue 1-1, the group of companies have decided that the sets of neighbor satellites for inter-frequency measurements that the UE shall be capable to measure in each frequency is not the same. Prior to that, RAN4 has agreed that by default a IOT UE in a NGSO environment is required to be capable to measure up to two satellites: the serving satellite plus a neighbor satellite, provided that the information on the neighbor satellite is conveyed by the serving cell to the UE. 
However, multiple satellites might be configured for neighbor cell measurements by the serving cell, in this case, the requirements, in each frequency, will only apply for one set of cells belonging to the same satellite. 
First of all, it is important to notice that neighbor cells might be configured for measurements, while the neighbor satellites are still not available for measurements. Because of that, RAN2 has agreed in RAN2 #122 to introduce a t-serviceStart for neighbor cells, to make the UE aware of the availability of the neighbor cells in the earth-fixed cell scenario. Therefore, in certain cases, neighbor cells associated to multiple neighbor satellites might be configured by the network, but not necessarily they will be available for the UE. Therefore, when only one satellite is available and the others are still not available – based on t-serviceStart - it should be clear that the neighbor cell measurements will apply for the set of cells belonging to this neighbor satellite.
[bookmark: _Toc142673179]When more than one NGSO satellite is associated to neighbor cell information configured in a given frequency, and t-serviceStart is provided, if only one neighbor satellite is available at a given point in time, the neighbor cell measurement requirements will apply to the group of cells belonging to this neighbor satellite. 
However, there might be scenarios where t-serviceStart is not provided for the neighbor cells – including all earth-moving scenarios - or multiple satellites are available for measurements. In this case it is important that the network can control the priorities associated to each satellite for load balancing purpose in addition to legacy cell and frequency priorities:
[bookmark: _Toc142673180]Ask RAN2 to provide signalling support to indicate satellite prioritization for neighbor cell measurements. 

If no priorities are provided, there might be some ambiguity in the set of satellites to be chosen by the UE. Based on previous RAN4 agreement highlighted before, this may be the case for different frequencies. Assuming that RAN4 agreed that the subset of satellites are not always the same, this can be used to have a reasonable and well understood applicability of the measurement requirements:
[bookmark: _Toc142673181]When more than one NGSO satellite is configured and available for neighbor cell measurements in multiple frequencies, and the set of frequencies available in each satellite is different, the following rules apply, until the UE has selected a satellite for measurement in every frequency layer:
a. [bookmark: _Toc142673182]If the frequency layer with the highest priority is available only in one satellite, the UE shall choose this satellite for measurements for every frequency layer available in this satellite. 
b. [bookmark: _Toc142673183]If there are no higher priority frequencies available for measurements, the UE shall choose first the satellite which is associated to the highest number of frequency layers 

The scaling factor Ksatellite
In our document in [5], we have discussed the scaling factor “Ksatellite” agreed on previous meeting. We would like to highlight this discussion in this Work Item as well. The Ksatellite factor is used to scale the measurement requirements, accounting for the number of satellites the UE effectively has to monitor. That depends on the number of configured satellites, the UE capabilities and the availability of neighbor satellites:
· If the UE is not configured to measure more than one satellite, or if there is not more than one satellite available, Ksatellite must be equal to 1. 
· In default scenarios, where there is one neighbor satellite configured for measurements plus the serving satellite, Ksatellite must be equal to 2.
· If a UE has the capability to measure more than 2 satellites and more than one neighbor satellite is configured by the network, then K_satellite is equal to the number of satellites configured for measurement (and available) or the number of satellites the UE is capable of monitoring, whichever is lower. 
[bookmark: _Toc142673184]Define K_satellite as the number of satellites the UE is expected and configured to monitor by the serving cell. 

As aforementioned, RAN2 has created the concept of t-serviceStart for neighbor cell information, which will indicate for the UE at which point in time the satellite is available for measurements. It is clear that prior to this point in time, it is worthless to account this satellite as a “to-be-measured” satellite. It should only be considered for measurements after it becomes available. Therefore, we propose:

[bookmark: _Toc142673185]When t-serviceStart is configured for neighbor cell measurements, a neighbor satellite does not contribute to Ksatellite before t-serviceStart is reached and the satellite becomes available for measurements.  

Other mobility enhancements
From RAN4 perspective, a series of recent agreements reached in RAN2 need to be clarified as they are intertwined with some of the definitions of minimum requirements designed by RAN4. It is our understanding that these agreements have direct impact on RAN4 work. This set of agreements is highlighted in the box below (the numbering provided in the box below does not refer to any numbering adopted by RAN2, it is only used to facilitate the discussions in this paper):

	From RAN2 #121bis (April)
a) New SIBxx is introduced to broadcast the neighbor cell/satellite information.
b) For moving cell, the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time (like in NR-NTN)
c) For eMTC NTN, for fixed cell, location-based measurement initiation can also be used in RRC_IDLE for cell re-selection purposes (like in NR-NTN)
d) For eMTC NTN, for moving cell, location-based measurement initiation can also be used in RRC_IDLE for cell re-selection purposes (like in NR-NTN). FFS whether to consider solution that does not require UE to update the GNSS for this same as in connected mode



From RAN2 #122 (May)
e) The system Information modification procedure is not triggered for an update of new SIB on neighbor-cell assistance information.
f) For NB-IoT, 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. FFS for eMTC
g) Reference location and distanceThresh in SIB31. A change of reference location does not trigger SI modification. A UE does not need to get a new reference location as long as ephemeris and Epoch time are valid (in Connected mode the UE relies on T317)
h) In RRC IDLE, how to (re-)acquire neighbour cell assistance information is up to UE’s implementation.




From the box above, we can draw the following conclusions:
1. From a) we understand that RAN1 has agreed on a new SIB for providing the neighbor cell assistance information, and that this SIB will be called SIBxx.
2. From b), c)  and d) we can see that the concept of location-based measurement initiation created for NR will be reused in eMTC. When the location-based measurement initiation is to be applied in an earth-moving cell scenario, the UE has to derive the trajectory of the reference location based on the satellite assistance information. 
· Obs: The differentiation between earth-moving and earth-fixed cell scenarios can be performed at the UE side based on the presence of the t-service parameter in SIB3. 
3. From e) it seems that RAN2 intention is that updates on SIBxx do not triger a SIB modification. In a wide sense, this means that a UE that has an outdated version of SIBxx will not be aware of any modification in the neighbor cell information provided in this SIB. This understanding is reinforced in f), where it says that SIBxx is not an essential SIB and from h) it was left for UE implementation to re-acquire neighbor cell information, which goes against RAN4 requirements for mobility measurements. This means that if the UE acquires SIBxx the UE is not required to monitor for updates in this SIB.  If only the ephemeris or the common delay information is updated due to satellite movement, it is reasonable not to trigger a SI modification indication. However, if the change is in the list of neighbor cells or neighbor satellites, a SI modification shall be triggered by the UE. 
4. It is not clear if in g) RAN2 refers to the absence of SI modification indication related to updates in the reference location and distanceThresh for both earth-moving and earth-fixed scenarios. One possible interpretation is that it applies to both cases. For earth-moving scenario, this assumption is ok for the reference location, as the UE is expected to derive the moving position of the reference location based on satellite assistance information (from item 2 in this list). The problem for a UE in earth-fixed scenarios, and for the distanceThresh in earth moving scenarios, is that the location and the distanceThresh might be updated over time. It becomes than ambiguous what set of requirements will apply for the UE, as the UE does not have visibility about the changing parameters. When referencelocation or distanceThresh is updated, then, location-based measurement initiation does not apply. 

The discussion above shows that items 3) and 4) on the list above have clear impact on neighbor cell measurement requirements. Hence, we propose, based on 3:
[bookmark: _Toc142673186]Ask RAN2 to trigger SI modification indication if the list of cells or list of satellites is modified in SIBxx, otherwise mobility requirements cannot be applicable when the list of satellites is updated. 
And based on 4):
[bookmark: _Toc142673187]For location-based measurement initiation, if the network updates the value of the distance threshold or for earth fixed cells, the reference location, then the UE might not have updated information and requirements cannot be enforced.
[bookmark: _Toc142673188]Ask RAN2 to provide a signaling mechanism such that the UE is aware of updates in distanceThresh and/or reference location (this second at least for earth fixed cells).

Time-based Neighbour cell measurements in connected mode
Another point of discussion from previous meetings was the time-based neighbor cell measurements in connected mode. The following set of candidate proposals were presented:
	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. 




First, it is important to have in mind that inter-frequency neighbor cell measurements (and in case of NGSO, also intra-frequency measurements towards neighbor satellites) cannot be autonomously decided by the UE in connected mode, as there need be an interruption in the serving cell monitoring for those measurements to take place. This problem is solved in other scenarios using measurement gaps, which are not available for NB-IoT. Therefore, as no measurement gaps can be configured, the UE cannot start time-based measurements in connected mode.
[bookmark: _Toc142673189] For NB-IoT, UE cannot initiate autonomously time-based measurements based on t-service for intra-frequency cells associated to neighbor satellites in NGSO and inter-frequency cells.
[bookmark: _Toc142673190]Time based measurement initiation in connected mode for NB-IoT UEs might be available if RAN2 introduces gaps for UE to perform measurements towards neighbor satellites and/or different frequency layers. 
If the measurement gap is configured, but the presence of t-serviceStart indicates that there are no neighbor cells available in the relevant area for that UE, there is no point to initiate measurements towards neighbor cells. 
[bookmark: _Toc142673191]For eMTC UEs, provided that measurement gaps are configured, UE can postpone measurement activities towards the neighbor cells until t-serviceStart is reached for that group of cells (Proposal 2a).
GNSS Impact on mobility measurements
RAN1 has recently agreed when defining the GNSS measurement gap that the GNSS position fix time duration can be up to 31 seconds and therefore we see a need to discuss how the GNSS measurement interacts with NTN mobility procedures. 
	RAN1#113Agreement
UE reports one GNSS position fix time duration for GNSS measurement via a 4-bit field with component values [1,2,3,4,5,6,7,13,19,25,31] 
· FFS: other component values


In NTN scenarios, 31 seconds is a very large time gap to be considered “away from the 3GPP measurement procedures”. It affects not only RLM, but also RRM measurements towards neighbor cells, it has a tight interplay with RLF triggers, especially when expiring after t-service and it might also affect the re-acquisition of validity timers. The whole service continuity and RRM requirements are not built to deal with such large gaps in special in NTN. 
It will be good to further clarify that if the UE is performing a GNSS measurement and the t-service expires during the measurement, the UE shall complete the GNSS measurement and then skip the RLF procedure and start the re-establishment procedure towards a new cell. That is, the below agreement shall also apply in this case of a long GNSS measurement. 
	RAN2 #122 Agreement
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



[bookmark: _Toc142673192]If t-service expires during a GNSS measurement the UE shall complete the GNSS measurement and is then allowed to start cell search and re-establishment without performing the RLF procedure.
However, if the t-service is not yet reached it is unclear whether the UE can maintain synchronization with the serving cell during a long GNSS measurement gap. Furthermore, the neighbor cell measurements may also become outdated.
[bookmark: _Toc142673193]The impact of a long GNSS measurement gap on RLM and RRM procedures is not clear.
[bookmark: _Toc142673194]RAN4 to discuss the impact of a long GNSS measurement gap on RLM and RRM procedures.


[bookmark: _Toc116995848]Conclusion
The paper has discussed the work item on enhancements of IoT/eMTC NTN deployments in special in what regards mobility aspects. The following observations and proposals are presented as an outcome of the discussions above:
Proposal 1: When more than one NGSO satellite is associated to neighbor cell information configured in a given frequency, and t-serviceStart is provided, if only one neighbor satellite is available at a given point in time, the neighbor cell measurement requirements will apply to the group of cells belonging to this neighbor satellite.
Proposal 2: Ask RAN2 to provide signalling support to indicate satellite prioritization for neighbor cell measurements.
Proposal 3: When more than one NGSO satellite is configured and available for neighbor cell measurements in multiple frequencies, and the set of frequencies available in each satellite is different, the following rules apply, until the UE has selected a satellite for measurement in every frequency layer:
a.	If the frequency layer with the highest priority is available only in one satellite, the UE shall choose this satellite for measurements for every frequency layer available in this satellite.
b.	If there are no higher priority frequencies available for measurements, the UE shall choose first the satellite which is associated to the highest number of frequency layers
Proposal 4: Define K_satellite as the number of satellites the UE is expected and configured to monitor by the serving cell.
Proposal 5: When t-serviceStart is configured for neighbor cell measurements, a neighbor satellite does not contribute to Ksatellite before t-serviceStart is reached and the satellite becomes available for measurements.
Proposal 6: Ask RAN2 to trigger SI modification indication if the list of cells or list of satellites is modified in SIBxx, otherwise mobility requirements cannot be applicable when the list of satellites is updated.
Observation 1: For location-based measurement initiation, if the network updates the value of the distance threshold or for earth fixed cells, the reference location, then the UE might not have updated information and requirements cannot be enforced.
Proposal 7: Ask RAN2 to provide a signaling mechanism such that the UE is aware of updates in distanceThresh and/or reference location (this second at least for earth fixed cells).
Proposal 8: For NB-IoT, UE cannot initiate autonomously time-based measurements based on t-service for intra-frequency cells associated to neighbor satellites in NGSO and inter-frequency cells.
Observation 2: Time based measurement initiation in connected mode for NB-IoT UEs might be available if RAN2 introduces gaps for UE to perform measurements towards neighbor satellites and/or different frequency layers.
Proposal 9: For eMTC UEs, provided that measurement gaps are configured, UE can postpone measurement activities towards the neighbor cells until t-serviceStart is reached for that group of cells (Proposal 2a).
Observation 3: If t-service expires during a GNSS measurement the UE shall complete the GNSS measurement and is then allowed to start cell search and re-establishment without performing the RLF procedure.
Observation 4: The impact of a long GNSS measurement gap on RLM and RRM procedures is not clear.
Proposal 10: RAN4 to discuss the impact of a long GNSS measurement gap on RLM and RRM procedures.
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