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1 Introduction

In RAN 2#111 e-meeting, the following agreements were reached [1]:
Agreements:

1. RAN2 stick to WI scenarios: Any restriction, e.g. on the LEO altitude (if needed) could come from other groups. 

2. From RAN2 perspective, the table 4.2-2 of [TR 38.821] is used as a baseline for the normative work, with the removal of the regenerative payload option.
3. (as the WI is restricted to transparent payload) we assume that the feeder link will use NR (how the satellite is controlled is out of the scope of the WI)

4. RAN2 confirms the assumptions on the UE ground speed in the handheld and VSAT cases

5. In Rel-17, only UEs with GNSS capabilities are supported
6. Both Earth fixed and earth moving beam scenarios are considered with NGSO constellation.

Agreements via email - from offline 105:

1. Both soft and hard feeder link switchover (e.g. for Non GSO) are supported.


Note: This requires satellite to be connected to one NTN GW at a time (hard switch) or at least two NTN GWs simultaneously (soft switch).

2. RAN2 to start discussing enhancements for soft feeder link switchover and then solutions for hard feeder link switchover. 

3.
As part of the NR-NTN WI, the following stepped approach is proposed:


-
Step 1: Assessment of the Rel-16 LCS framework/application protocols (3GPP TS 23.273, TS 29.572, TS 38.455, TS 38.305, in particular but not excluding other TS) and its applicability to NTN


-
Step 2: Assess whether changes to the existing network-based location methods are needed and define them if needed

4.
The NTN network based positioning of UE should provide an accuracy comparable with the network based UE location accuracy of terrestrial networks.

5.
For TN/NTN mobility, the UE is not required to connect to both TN and NTN at the same time. 

6.
RAN2 to discuss about trigger(s) of TN / NTN mobility, once the Intra NTN mobility has sufficiently progressed. Intra NTN mobility refers to idle and connected mode mobility between NTN cells (e.g. intra or inter satellite).

7.
Transparent HAPS is assumed with the IMT BS on the ground and the HAPS is a relay.

8.
The RAN2 work plan described in R2-2007565 should be considered as a basis for work 

9.
The work plan should be based on the following prioritization principles:


-
1st priority: user plane, control plane (idle and connected)

-
2nd priority: NTN-TN service continuity, network based UE location
In this contribution, we will discuss some issues on  mobility management in NTN and provide some suggestions.
2 Discussion
2.1 CHO
In NR R16 [2], Conditional Handover (CHO) is defined as a handover that is executed by the UE when one or more handover execution conditions are met. The UE starts evaluating the execution condition(s) upon receiving the CHO configuration, and stops evaluating the execution condition(s) once a handover is executed (legacy handover or conditional handover execution). In NR R16, CHO aim to improve the handover robustness.
In terrestrial network, the propagation delays are usually less than 1 ms. However, the propagation delays in NTN are much longer, ranging from several milliseconds to hundreds of milliseconds depending on the altitudes of the spaceborne or airborne platforms and payload type in NTN. In LEO transparent payload scenarios, the maximum propagation delay is 270.73ms, and in GEO transparent payload scenarios, it is up to 541.63ms. For NTN, mobility management procedures require adaptations to accommodate large propagation delays. 

For legacy handover mechanism, there is a large delay between transmission of the measurement report and reception of the HO command in NTN. HOF may occur due to too late handover execution. CHO is an efficient method to deal with such large propagation delays in NTN，because of a high degree of handover control and handover robustness. With CHO, UE can evaluate whether to trigger handover to a certain selected candidate cell based on the real-time measurement of the cell, which can effectively reduce the risk of outdated measurements and late handover.
Proposal 1: Conditional Handover should be introduced in NTN system to improve the performance of mobility，and Rel-16 CHO can be considered as baseline.
In NR R16 [2], the CHO configuration contains the configuration of CHO candidate cell(s) generated by the candidate gNB(s) and execution condition(s) generated by the source gNB. An execution condition may consist of one or two trigger condition(s) (CHO events A3/A5, as follows). 
CondEvent A3: Conditional reconfiguration candidate becomes amount of offset better than PCell/PSCell;

CondEvent A5: PCell/PSCell becomes worse than absolute threshold1 AND Conditional reconfiguration candidate becomes better than another absolute threshold2.
In [3], it is indicated that the near-far effect is not as pronounced in non-terrestrial deployments. As shown in Figure 1, in TN systems, a UE can determine it is near a cell edge due to a clear difference in RSRP as compared to cell center. But in NTN systems, there is a small difference in signal strength between two beams in a region of overlap. 
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Figure 1: A sketch of near-far effect in different scenarios: (a) Terrestrial Network; (b) NTN
As the near-far effect is not pronounced, CHO triggered by measurement result is more challenging, and independent measurement-based trigger condition can easily cause ping-pong HO. UE location information and/or satellite ephemeris would be useful for CHO in NTN.
Observation 1: In NTN, the lesser near far effect may make Rel-16 CHO based on measurement face many challenges.
Observation 2: For CHO in NTN, UE location information and/or satellite ephemeris would be helpful.

Besides measurement-based trigger condition, the location based trigger condition was proposed. In RAN WG2#111 e-meeting, it has been agreed that only UEs with GNSS capabilities are supported in Rel-17. UE is able to obtain its location information. For location-based trigger condition, the reference point(s) and/or the area scope can be configured to UE in a broadcast manner. UE can calculate the distance between UE and reference point(s) to evaluate the event fulfilment or trigger CHO when UE moves out of or moves in the area scope configured.
Proposal 2: Location-based trigger condition should be supported for NTN CHO.
2.2 The effects of obstacles in NTN 
In proposed 2, UE can trigger CHO based on location when UE moves out of the source cell coverage or moves in the target cell coverage. However even in the cell coverage area, there may be some areas with poor coverage due to the effects of obstacles. If only cell coverage information (such as the reference point(s) and the area scope) is used in CHO based on location trigger condition, UE cannot perceive the change of signal quality and trigger handover, as a result, service interruption may occur. Therefore, even in the coverage of NTN cell guided by cell coverage information, UE may lose NTN signal due to some obstacles.
Observation 3: Service interruption may occur, if only cell coverage information is used in CHO based on location trigger condition. 

When UE's signal is affected by a huge obstacle such as a lofty mountain/building or a group of mountains/buildings, the UE’s service quality may decrease as the satellite movement. As shown in Figure 2, the UE’s performance is not affected by the obstacle at T1, but at T2, the UE’s performance is affected. Over time, the performance of UE may face the larger challenge due to satellite movement and the obstacle.
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Figure 2: The effect of an obstacle in NTN  
In the case, many huge obstacles such as a lofty mountain/building or a group of mountains/buildings are fixed and their feature parameters are knowable. The feature parameters of an obstacle can include location, altitude, shape and so on. These obstacles are fixed and not mobile. Network can know the location of obstacle and configure the location information to UE. It’s also possible UE could derive the location information by stored map. Based on the obstacle information, satellite ephemeris and UE location, it can be known in advance whether UE will be affected by the obstacle. However, for signal strength based trigger condition, UEs can only trigger handover when their performance is affected (such as T2). If obstacle information is considered, UEs can trigger handover in advance (such as T1) to minimize the effects of obstacles on their performance.
Observation 4: For fixed obstacles, their effects can be predicted.
Proposal 3: Obstacle information should be considered for mobility management in NTN.
3 Conclusions 
In this contribution, the following observations and proposals are given based on the discussion in section 2:
Proposal 1: Conditional Handover should be introduced in NTN system to improve the performance of mobility，and Rel-16 CHO can be considered as baseline.
Observation 1: In NTN, the lesser near far effect may make Rel-16 CHO based on measurement face many challenges.
Observation 2: For CHO in NTN, UE location information and/or satellite ephemeris would be helpful.

Proposal 2: Location-based trigger condition should be supported for NTN CHO.
Observation 3: Service interruption may occur, if only cell coverage information is used in CHO based on location trigger condition.
Observation 4: For fixed obstacles, their effects can be predicted.
Proposal 3: Obstacle information should be considered for mobility management in NTN.
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