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In the past meetings, RAN2 has discussed mobility enhancement for R18 IOT NTN and achieved lots of agreements. In this contribution, we will continue to discuss this topic and focus on the aspect of CHO enhancement.
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Time based CHO
For time based CHO, RAN2 has achieved the following agreements so far. 
RAN2#119 Agreement [1]
1. CHO enhancements for eMTC NTN (i.e. time/timer based solution) are introduced based on the R17 NR NTN solution. FFS on location-based solution
RAN2#120 Agreement [2]
2. CHO time trigger event is defined as time duration [t1, t2] associated for each CHO candidate cell. The UE shall execute CHO to that candidate cell during the time duration, if all other configured CHO execution conditions will apply and there is only one triggered candidate cell.: UE is allowed to perform HO only during T1 to T2.

For location based CHO, RAN2 has agreed that location based CHO should be introduced for both moving cell and fixed cell scenarios. However, for time based CHO, which scenarios can be applicable is still not clear. For fixed cell scenario, the serving cell will stop providing service at a specific time, it is obvious the time based CHO can be applicable to the fixed cell scenario. The main issue is whether time based CHO can apply to the moving cell scenario. Based on our understanding, there also exists a use case, e.g., the feeder link switch due to the moving of the satellite. Under this use case, the stop time of the serving cell is common to all the UEs in the serving cell regardless of the UE location. Based on the ephemeris info, eNB can deduce the exact time of the feeder link switch, and configure the suitable time based trigger event for the UEs.
Proposal 1: Time based CHO applies to both moving cell and fixed cell scenarios.
In R17 NR NTN, the CHO time trigger event [t1, t2] is defined via the following way below, i.e., UTC time + duration, e.g. 00:00:01 + 30s for representing t1 and t2 for CHO time event. It is suggested that the same definition for the event [t1, t2] in R17 NR NTN is reused in R18 IOT NTN.
        condEventT1-r17                  SEQUENCE {
            t1-Threshold-r17                 INTEGER (0..549755813887),
            duration-r17                     INTEGER (1..6000)
        }

Proposal 2: RAN2 adopts UTC time + duration for representing t1 and t2 for CHO time event.
Another issue is how UE handles the conditional CHO configuration if UE does not perform CHO at t2. This issue has heated and long discussion in R17 NR NTN. The final conclusion is that UE will continue to evaluate other CHO execution conditions as below. To avoid repeated discussion in R18 IOT NTN, it is suggested to follow the NR NTN agreement.
RAN2#117 Agreement [3]
1. If the CHO is not executed at T2 (timer associated with this candidate CHO cell) the UE continues to operate in the source cell and evaluates other CHO execution conditions (if configured).

Proposal 3: If the CHO is not executed at T2 (timer associated with this candidate CHO cell) the UE continues to operate in the source cell and evaluates other CHO execution conditions (if configured).
location based CHO
[bookmark: _Hlk142337016]For location based CHO, RAN2 has achieved the following agreements so far. 
RAN2#119 Agreement [1]
1. CHO enhancements for eMTC NTN (i.e. time/timer based solution) are introduced based on the R17 NR NTN solution. FFS on location-based solution

RAN2#119bis Agreements [4]
2. For eMTC over NTN, for both earth-moving and earth-fixed cell scenarios, we introduce location based CHO triggering events

RAN2#120 Agreements [2]
3. For eMTC NTN, introduce a location-based conditional reconfiguration trigger based on condEventD1 in NR, where the event will be satisfied if the distance between the UE and a first reference location (e.g. within the serving cell) is above a threshold, and the distance between the UE and a second reference location (e.g. within a neighbor cell) is below a threshold. (similar to condEventD1 in NR)

RAN2 has agreed that the location based CHO can be used for earth-moving scenario. However, for moving cell (e.g., serving cell or candidate cell), the reference point (i.e., cell center) will change along the movement of the cell. Then, some method shall be adopted to guarantee UE has valid reference point in time. One feasible solution is that the updated reference point is provided via RRC reconfiguration. However, this will cause large signaling overhead, considering the frequency movement of the satellite and a large number of UE will need to update the reference point caused by the movement of the satellite. It is better that UE can deduce the updated reference point based on some assistance info. Based on our understanding, the update of the reference point in the CHO scenario has the same characteristics as the update of the reference point in cell re-selection. Then, it is suggested that the same principle in idle procedure can be reused, i.e., UE derives the reference locations based on satellite ephemeris and epoch time.
Proposal 4: For location-based CHO for earth-moving cells, UE derives the trajectory of the reference point of the moving cell based on its satellite ephemeris and epoch time.
Configuration of time/location based CHO
In the RAN2#121bis meeting, there was an FFS left for further discussion as below.
RAN2#121bis Agreement [5]
1. FFS whether time and location-based trigger conditions may be configured independently (i.e., without a jointly configured event A4 measurement condition) for eMTC NTN.

For this FFS, the joint configuration of time based trigger event and event A4 or location based trigger event and event A4 is needed. Otherwise, UE may select one candidate cell that does not have a good channel condition as the target cell. Under this case, UE cannot perform reliable data transmission via the selected candidate cell, which makes Handover meaningless. 
Proposal 5: For CHO, joint configuration of location and RSRP as well as time and RSRP triggers are supported.
Another issue is whether time based trigger condition can be jointly configured with location based trigger condition. Based on our understanding, time based trigger condition and location based trigger condition are targeted to different use cases. For example, the time based trigger condition is more suitable to the fixed cell or feeder link switch scenario while the location based trigger condition is more suitable to the UE movement scenario. Considering that location and time trigger will be used for different scenarios, it is suggested not to support joint configuration. 
Proposal 6: Joint configuration of location and time triggers is not supported.
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[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]In this contribution, we discussed the mobility enhancement for R18 IOT NTN for R18 IOT NTN. This discussion includes the following observations and proposals.
Proposal 1: Time based CHO applies to both moving cell and fixed cell scenarios
Proposal 2: RAN2 adopts UTC time + duration for representing t1 and t2 for CHO time event.
Proposal 3: If the CHO is not executed at T2 (timer associated with this candidate CHO cell) the UE continues to operate in the source cell and evaluates other CHO execution conditions (if configured).
Proposal 4: For location-based CHO for earth-moving cells, UE derives the trajectory of the reference point of the moving cell based on its satellite ephemeris and epoch time.
Proposal 5: For CHO, the joint configuration of location and RSRP as well as time and RSRP triggers are supported.
Proposal 6: Joint configuration of location and time triggers is not supported.
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