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1 Introduction
During the NR-NTN Study Item (SI), the impact of NTN on the connected mode mobility (i.e. handover) procedures have been discussed. It was recommended in 38.821 [1] that different improvements might be needed for efficient handover and connected mode mobility in NR-NTN. The below highlights the major RAN2 recommendations for service continuity during connected mode mobility in NR-NTN [1].
Major Recommendations from RAN2 on Connected mode Operations in NR-NTN:
	The following control plane procedures enhancements should be specified (see TR 38.821)
· Idle mode: 
· Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)
· Definition of NTN (satellite/HAPS) cell specific information in SIB
· Connected mode
· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.
· Enhancement to existing measurement configurations to address absolute propagation delay difference between satellites (e.g. SMTC measurement gap adaptation to the SSB/CSI-RS measurement window) [RAN2/4].
· Service continuity for mobility from TN to NTN and from NTN to TN systems (to be addressed when connected mode mobility has sufficiently progressed)


From RAN2#114-e, the agreements related with AI 8.10.3.3 are at below:
	Agreements via email (from offline 104):  
1. Support CHO location trigger as the distance between UE and a reference location which may be configured as the serving cell reference location or the candidate target cell reference location. FFS if combination can be allowed.
2. The reference location for the event description is defined as cell center.  

	Agreements online:
1. For CHO, joint configuration of location and RSRP as well as time and RSRP triggers are supported.  
2. For idle mode reselection, based on configuration NTN UE can prioritise TN over NTN. Configuration details FFS  

	Agreements via email (from offline 104 - second round):  
1. 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.  
2. Same CHO trigger conditions and RRM events can be used within NTN and NTN-TN mobility provided these are supported by the UE. NTN-TN means both “from NTN to TN (hand-in)” and “from NTN to TN (hand-in) and from TN to NTN (hand-out)". FFS for enhancements.  


[bookmark: _Hlk53753240]In this contribution, we provide recommendations for 1) NTN UE types and capabilities, and 2) Triggers of TN-NTN handover during connected mode operations.

2 Discussion
2.1 UE types and capabilities
Section 6.1.12 of [2] describes satellite as extension to Terrestrials. Additionally, Table 6.1.12-1: Examples for Satellite Deployment, describes satellite must be able to support Fixed, Portable, Mobile UE. Additionally, Section 6.2.4 of [3] Roaming related requirements: For a 5G system with satellite access, the following requirements apply:
· A 5G system with satellite access shall enable roaming of UE supporting both satellite access and terrestrial access between 5G satellite networks and 5G terrestrial networks.
· UEs supporting satellite access shall support optimized network selection and reselection to PLMNs with satellite access, based on home operator policy.
The assumption and solutions developed in [1] has considered outdoor handheld (pedestrian) UEs or VSAT (vehicular relay) UEs that are capable of TN and NTN connectivity for NTN UE use as in Table 6.1.1-3. Moreover, the NTN reference scenarios as listed in chapter 4.2 of [1] considers two types of NTN UEs,
· UE with Omni directional antenna
· UE with directive antenna, typically mounted on a building or on a moving platform (Aircraft, Train, Vessels, vehicles)
To meet the service requirement described in [2] for a 5G system with satellite access, NTN UE shall support NTN-TN service continuity use cases. Therefore, both NTN UE types and capabilities shall be considered for NTN-TN mobility:
1) UE with Omni directional antenna, can be categorised as “handheld” with the following power classes and capabilities:
· NTN capable UE of power class 3 shall support NTN-TN mobility 
· NTN capable UE of higher power class (e.g. 2) shall support NTN-TN mobility (e.g. public safety) 
2) UE with directive antenna, can be categorized as “fixed or mounted UE” with the following power classes and capabilities:
· NTN capable UE of power class 1 - may support NTN-TN mobility for example for train mounted, vessel mounted (for TN/NTN mobility at harbor) and airplane mounted (for TN/NTN mobility at airport) 
· The UE can also act as relay to other UEs on board the moving platforms, e.g., aircrafts, trains, vessels, or vehicles. 
Observation 1: To meet the service requirement described in [2] for a 5G system with satellite access, NTN UE shall support NTN-TN service continuity use cases.
[bookmark: _Hlk53750585]Proposal 1: For NTN capable UE, the following UE types shall be considered for NTN-TN mobility
· Handheld UE power class 3 and power class 2
· Mounted UE on a building or moving platforms, e.g., aircrafts, trains, vessels, or vehicles. Examples of such UE can be ESIM and VSAT
Note: Earth stations in motion (ESIM) [4] address a complex challenge – how to provide reliable and high-bandwidth Internet services to what are – literally – moving targets. They provide broadband communications, including Internet connectivity, on platforms in motion. There are currently three types of ESIM: ESIM on aircraft (aeronautical ESIM), ESIM on ships (maritime ESIM) and ESIM on land vehicles (land ESIM)

2.2 Triggers of TN-NTN mobility 
In [3] clause 6.2.3 Service continuity requirements for a 5G system with satellite access, the following requirements apply:
· The 5G system shall support service continuity between 5G terrestrial access network and 5G satellite access networks owned by the same operator or owned by 2 different operators having an agreement. 
[image: ]
 Figure 5.4-1: Typical example of NTN-TN interworking 
As described in Figure 5.4-1 of [1], NTN-TN service continuity and mobility is key to achieve full convergence between terrestrial and non-terrestrial networks. National regulators demand operators a minimum coverage in their territories. It is based on the service for example for voice, it might be up to 95%. The fact that an operator can seamlessly integrate satellite networks with their terrestrial networks will allow an outdoor coverage close to 100% of the territory. That includes remote locations which are the most challenging areas for engineering, e.g., deploy fibre, build, and maintain the sites, etc. But full coverage in remote locations is also difficult to justify from a business point of view due to the low number of potential clients. Apart from that, it is expected that NTN will be able to support “over the top” services between Terrestrial Networks and Non-Terrestrial Networks. Therefore, if complete integration between NTN and TN is not achieved in Rel-17, e.g., handovers and cell reselection, mobile operators’ interest for NTN will be drastically reduced.
Observation 2: If complete integration between NTN and TN is not achieved in Rel-17, e.g., handovers and cell reselection, mobile operators’ interest for NTN will be drastically reduced.
Observation 3: Voice, e.g., VoNR, continuity between TN and NTN is required to meet regulator conditions and it is expected that NTN will be able to support “over the top” services between Terrestrial Networks and Non-Terrestrial Networks.
In order to achieve seamless interoperability between NTN and TN, the UE capable of NTN shall support mobility between NTN and TN. Such mobility may be categorized in two different cases: 
· NTN to TN, known as “hand-in” scenario and,
· TN to NTN, called “hand-out” scenario.
Proposal 2: The NTN capable UE shall support mobility between NTN and TN in idle mode.
Proposal 3: The NTN capable UE shall support service continuity between NTN and TN in connected mode.
[bookmark: _Hlk54187392]Observation 4: For mobility, the reference signals play a key role in terrestrial cellular networks. Classically, handovers and cell selection/reselection are based on RSRP and RSRQ measurements from itself and its neighbors. The same principle should be followed when a UE connected into a TN performs a hand-out handover (from TN to NTN). This can be done, e.g., using event A2. On the other hand, when the UE is connected through NTN, the traditional concept of cell edge concept is not clear and well-known procedures like handover events could require a different approach. It is in that case when another trigger may be required, e.g., the UE location, to initiate the NTN to TN handover.
Proposal 4: Handovers from TN to NTN should use legacy events, e.g., A2 event. On the other hand, handovers from NTN to TN may require an additional trigger, i.e., UE location information, apart from legacy events.
Observation 5:  When the UE is connected through the NTN, it is necessary to define the conditions when the UE starts to measure TN. If this is not considered, the UE will unnecessarily increase its power consumption. For example, for a couple of weeks, a handheld UE capable of NTN may be in the middle of the ocean in a fisherman ship without returning to the harbour. During this period, it is not expected that the UE attempts to measure TN cells as it will result in an increase of power consumption without any benefit. It is for that reason that it is required to specify a new parameter setting to initiate and to stop the UE measurements for handover from NTN to TN (hand-in).
With respect to UE power consumption, it is required to specify a new parameter setting to initiate and to stop the UE measurements for handover from NTN to NT (hand-in). The parameter setting could consider minimizing the number of UE measurements of TN or reducing the number of UE measurement reports. This can be done through different UE configuration by e.g., NTN RAN, NTN Core Network, or through Home Network parameter setting. The configuration may consider parameters such as “TimeToTrigger” (the time during which specific criteria for the event needs to be met in order to trigger a measurement report), “ReportInterval” (interval between periodical reports), or other kind of similar parameters.
Observation 6: The coverage of TNs is relatively stable. Therefore, depending on the location of the user it can be predicted whether the measurements of TN are required or not. This is useful for reducing the battery consumption. Accordingly, there are regions where checking for events like A2 can be avoided (consider a ship in the middle of the sea). And there are other regions where information of A2 events is more critical (consider urban setting where TN is present). The network should provide a hierarchical mechanism such that we can avoid obtaining both location and A2 information every time. 
Proposal 5: In order to save UE battery, the network shall allow to activate/deactivate (trigger FFS) the survey of adjacent cells (measurements) for handover from NTN to TN (hand-in). 
Proposal 6: RAN2 to discuss the need to specify a new parameter setting to initiate and to stop the UE measurements for handover from NTN to NT (hand-in). The network should provide enough flexibility to be able to prioritize between intra-system or inter-system handover limiting to terrestrial and satellite the possible systems. How to prioritize among systems is up to the network with the NTN UE support.
Observation 7:  The ping-pong effect between TN and NTN shall be avoided in the same way it is done for TN. It is for that reason that this should be considered during the hand-in and hand-out handovers design.
Proposal 7: The network should allow prioritization of intra-system over inter-system handover or vice e versa if they belong to different PLMN.
Observation 8: Conditional HandOver can reduce the amount of mobility triggered failures. Target candidate cells should be carefully selected due to trade-off between robustness and capacity. CHO for NTN can combine the measurement reports of different values, e.g., RSRP and/or RSRQ, with time and location. 
Proposal 8: The measurement reports of different values, e.g., RSRP and/or RSRQ should be used with new triggers, e.g., location and/or time, in CHO decisions. 

3 Conclusion
Observation 1: To meet the service requirement described in [2] for a 5G system with satellite access, NTN UE shall support NTN-TN service continuity use cases.
Observation 2: If complete integration between NTN and TN is not achieved in Rel-17, e.g., handovers and cell reselection, mobile operators’ interest for NTN will be drastically reduced.
Observation 3: Voice, e.g., VoNR, continuity between TN and NTN is required to meet regulator conditions and it is expected that NTN will be able to support “over the top” services between Terrestrial Networks and Non-Terrestrial Networks.
Observation 4: For mobility, the reference signals play a key role in terrestrial cellular networks. Classically, handovers and cell selection/reselection are based on RSRP and RSRQ measurements from itself and its neighbors. The same principle should be followed when a UE connected into a TN performs a hand-out handover (from TN to NTN). This can be done, e.g., using event A2. On the other hand, when the UE is connected through NTN, the traditional concept of cell edge concept is not clear and well-known procedures like handover events could require a different approach. It is in that case when another trigger may be required, e.g., the UE location, to initiate the NTN to TN handover.
Observation 5:  When the UE is connected through the NTN, it is necessary to define the conditions when the UE starts to measure TN. If this is not considered, the UE will unnecessarily increase its power consumption. For example, for a couple of weeks, a handheld UE capable of NTN may be in the middle of the ocean in a fisherman ship without returning to the harbour. During this period, it is not expected that the UE attempts to measure TN cells as it will result in an increase of power consumption without any benefit. It is for that reason that it is required to specify a new parameter setting to initiate and to stop the UE measurements for handover from NTN to TN (hand-in).
With respect to UE power consumption, it is required to specify a new parameter setting to initiate and to stop the UE measurements for handover from NTN to NT (hand-in). The parameter setting could consider minimizing the number of UE measurements of TN or reducing the number of UE measurement reports. This can be done through different UE configuration by e.g., NTN RAN, NTN Core Network, or through Home Network parameter setting. The configuration may consider parameters such as “TimeToTrigger” (the time during which specific criteria for the event needs to be met in order to trigger a measurement report), “ReportInterval” (interval between periodical reports), or other kind of similar parameters.
Observation 6: The coverage of TNs is relatively stable. Therefore, depending on the location of the user it can be predicted whether the measurements of TN are required or not. This is useful for reducing the battery consumption. Accordingly, there are regions where checking for events like A2 can be avoided (consider a ship in the middle of the sea). And there are other regions where information of A2 events is more critical (consider urban setting where TN is present). The network should provide a hierarchical mechanism such that we can avoid obtaining both location and A2 information every time. 
Observation 7:  The ping-pong effect between TN and NTN shall be avoided in the same way it is done for TN. It is for that reason that this should be considered during the hand-in and hand-out handovers design.
Observation 8: Conditional HandOver can reduce the amount of mobility triggered failures. Target candidate cells should be carefully selected due to trade-off between robustness and capacity. CHO for NTN can combine the measurement reports of different values, e.g., RSRP and/or RSRQ, with time and location. 

Proposal 1: For NTN capable UE, the following UE types shall be considered for NTN-TN mobility
· Handheld UE power class 3 and power class 2
· Mounted UE on a building or moving platforms, e.g., aircrafts, trains, vessels, or vehicles. Examples of such UE can be ESIM and VSAT
Proposal 2: The NTN capable UE shall support mobility between NTN and TN in idle mode.
Proposal 3: The NTN capable UE shall support service continuity between NTN and TN in connected mode.
Proposal 4: Handovers from TN to NTN should use legacy events, e.g., A2 event. On the other hand, handovers from NTN to TN may require an additional trigger, i.e., UE location information, apart from legacy events.
Proposal 5: In order to save UE battery, the network shall allow to activate/deactivate (trigger FFS) the survey of adjacent cells (measurements) for handover from NTN to TN (hand-in). 
Proposal 6: RAN2 to discuss the need to specify a new parameter setting to initiate and to stop the UE measurements for handover from NTN to NT (hand-in). The network should provide enough flexibility to be able to prioritize between intra-system or inter-system handover limiting to terrestrial and satellite the possible systems. How to prioritize among systems is up to the network with the NTN UE support.
Proposal 7: The network should allow prioritization of intra-system over inter-system handover or vice e versa if they belong to different PLMN.
Proposal 8: The measurement reports of different values, e.g., RSRP and/or RSRQ should be used with new triggers, e.g., location and/or time, in CHO decisions. 


4 References
[1]. [bookmark: _Ref45195199]TR 38.821 Solutions for NR to support non-terrestrial networks (NTN)
[2]. TS 38.913 Study on Scenarios and Requirements for Next Generation Access Technologies
[3]. TS 22.261 Service requirements for the 5G system
[4]. https://www.itu.int/en/mediacentre/backgrounders/Pages/Earth-stations-in-motion-satellite-issues.aspx







- End -

image1.emf



