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Introduction
In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed [1]. It is a continuation of the preceding SI “NR to support Non-Terrestrial Networks” (RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The results are summarized in [2]. The new study item has the objective at evaluating potential solutions addressing the minimum necessary identified key impact areas from the previous activity and to study impact on RAN protocols/architecture. The objectives for layer 2 and above are:
	· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells

Note:
· This new study item does not address regulatory issues.



In this paper we initiate mobility related discussions for NTN NR.
Background

NR mobility procedure
NR mobility procedure is described in 38.300 as follows
[bookmark: _Toc517229149]9.2.3.1	Overview
Network controlled mobility applies to UEs in RRC_CONNECTED and is categorized into two types of mobility: cell level mobility and beam level mobility.
Cell Level Mobility requires explicit RRC signalling to be triggered, i.e. handover. For inter-gNB handover, the signalling procedures consist of at least the following elemental components illustrated in Figure 9.2.3.1-1:


Figure 9.2.3.1-1: Inter-gNB handover procedures
1.	The source gNB initiates handover and issues a Handover Request over the Xn interface.
2.	The target gNB performs admission control and provides the RRC configuration as part of the Handover Acknowledgement.
3.	The source gNB provides the RRC configuration to the UE in the Handover Command. The Handover Command message includes at least cell ID and all information required to access the target cell so that the UE can access the target cell without reading system information. For some cases, the information required for contention-based and contention-free random access can be included in the Handover Command message. The access information to the target cell may include beam specific information, if any.
4.	The UE moves the RRC connection to the target gNB and replies the Handover Complete.

…… ……
Beam Level Mobility does not require explicit RRC signalling to be triggered - it is dealt with at lower layers - and RRC is not required to know which beam is being used at a given point in time.

From the above, it should be observed that when RAN2 discusses mobility, it is the cell level mobility that is in question as the beam level mobility which is also called beam management is handled by lower layers and thus by RAN1.

[bookmark: _Toc525848431]The term mobility refers to cell level mobility when discussed in RAN2.
[bookmark: _Toc525848432]Beam level mobility which is also called beam management is handled by lower layers and thus by RAN1.


Cell level mobility for satellites

In our companion paper [3], we have listed out the following scenarios that are currently mentioned in [2]:

Scenario A – GEO, transparent satellite, Earth-fixed beams;
Scenario B – GEO, regenerative satellite, Earth fixed beams;
Scenario C – LEO, transparent satellite, Earth-moving beams;
Scenario D1 – LEO, regenerative satellite, Earth-fixed beams;
Scenario D2 – LEO, regenerative satellite, Earth-moving beams.
In our other companion paper [4], we are discussing the consideration of cell vs spot beam. We note there that in LTE and NR, UE only sees cells and is not distinguishing between intra or inter eNB/gNB mobility. Similarly, it should be concluded here that even TR 38.821 [3] describes satellites and spot beams, from UE perspective the satellite and spot beam are not visible. We repeat here the proposal 1 from that paper:  
[bookmark: _Toc525847076][bookmark: _Toc525848436]RAN2 to conclude that spot beams and satellites are not visible from UE perspective. 

Then, if one satellite beam is associated with one SSB beam, the beam grid is according to figure 1a. While if one satellite beam is associated with one PCI, then the scenario in 1b is considered. 
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Figure 1
When considering mobility, option b in Figure 1 will have more cell-level handovers in comparison to option a, in particular for the frequency range above 6GHz. For option a in Figure 1, intra-node beam mobility needs to be studied. However, the beam mobility/management would fall under RAN1 expertise.

GEO and non-GEO with earth fixed beams
The mobility impacts will mainly depend on the user movement when using geostationary satellites and non-GEO with earth fixed beams. The long propagation delay will affect the time duration to complete a handover, for example the UE measurement reporting related to neighbouring cells adds a delay. The cell overlap of the source and target satellite cells should be large enough to provide enough coverage during the handover procedure, the size of the overlap depends on the UE speed and handover procedure delay. 
In case of earth fixed beams with non-GEO satellite (scenario D1), the satellite will be out of coverage at some point. This should be solved by procedures discussed in subsequent sections. 
[bookmark: _Toc525848433]The handover procedure for GEO satellite takes more time than in terrestrial case.
[bookmark: _Toc525848434]Sufficient cell overlap might help the issue for HO delay
[bookmark: _Toc525825305][bookmark: _Toc525825041][bookmark: _Toc525825306][bookmark: _Toc525825731][bookmark: _Toc525848437]RAN2 to study the delay impact of HO procedure in GEO satellites and identify possible specification impacts

Switching Satellite Gateway
Another mobility challenge is when the satellite gateway changes, in the picture below, the first gateway moves out of coverage from the satellite and therefore the second sat-gateway should handle the communication (dashed line) with the satellite. 
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The TR 38.821 has the following description:
[bookmark: _Hlk525848260]-	A Non-GEO satellite served successively by one sat-gateway at a time. The system ensures service and feeder link continuity between the successive serving sat-gateways with sufficient time duration to proceed with mobility anchoring and hand-over
It should be however clarified what does it exactly mean from RAN2 perspective when it is stated that “The system ensures service and feeder link continuity”. Further the term mobility anchoring would be good to be clarified.

[bookmark: _Toc525848435]Satellite gateway switch imposes new challenges .
[bookmark: _Toc525848438]RAN2 to clarify the meaning of “The system ensures service and feeder link continuity” from RAN2 perspective.
[bookmark: _Toc525848439] RAN2 to clarify the term mobility anchoring.

Conclusion
[bookmark: _In-sequence_SDU_delivery]
In the previous sections we made the following observations: 
Observation 1	The term mobility refers to cell level mobility when discussed in RAN2.
Observation 2	Beam level mobility which is also called beam management is handled by lower layers and thus by RAN1.
Observation 3	The handover procedure for GEO satellite takes more time than in terrestrial case.
Observation 4	Sufficient cell overlap might help the issue for HO delay
Observation 5	Satellite gateway switch imposes new challenges .


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to conclude that spot beams and satellites are not visible from UE perspective.
Proposal 2	RAN2 to study the delay impact of HO procedure in GEO satellites and identify possible specification impacts
Proposal 3	RAN2 to clarify the meaning of “The system ensures service and feeder link continuity” from RAN2 perspective.
Proposal 4	RAN2 to clarify the term mobility anchoring.
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