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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 RAN2#104, the following is agreed for mobility:


Agreements:
1.	Satellite beams, satellites or satellite cells are not considered to be visible from UE perspective in NTN SI.  This does not preclude differentiating at the PLMN level the type of network (e.g. NTN vs. terrestrial).  This is up to SA2.  
2.   Revise the current definition of satellite cell in TR 38.821 and refer to a satellite beam.  Definition of satellite beam can be discussed during email discussion.  
3.	Add text in TR 38.821 stating that association between NR PCI and NR SSBs is left for implementation (i.e. it will not be specified)
4.	Consider Rel-15 definitions as a baseline for NTN
5.	Both option a and b can be considered in NTN SI with one or multiple SSBs per PCI.  The TR will capture a figure for both option. 





In this paper, we discuss connected mode mobility for LEO NTN while feeder link stays the same. The feeder link switching is treated in [4][5]. 


1. Cell level mobility for LEO satellites with earth moving beams (scenarios C2 and D2)
In the work item for NR Mobility Enhancements [1], one objective is to improve the robustness at handover. In RAN2#106 the following was agreed concerning Conditional Handover in NR:
Agreements

0:	CHO is introduced in NR to solve robustness/reliability issue.

a/ The source cell decides on the condition for the execution of CHO
b/ The source cell adds the condition for the execution of CHO to the RRC message sent to UE. 
c/ Multiple CHO candidate cells can be sent in either one or multiple RRC messages. 
=> FFS on signalling details 
=> FFS how CHO execution is handled
. . . 

[bookmark: _Hlk8871513]Agreements
…
4	Multiple CHO candidate cells can be sent in either one or multiple RRC messages. FFS on signalling details. FFS how CHO execution is handled.
. . .

. . . 
4	Deconfiguration of CHO candidates is performed by RRC signalling (we will not introduce timer based mechanism for the UE to deconfiguration of the CHO candidates).
. . . 

The following email discussion was triggered to the address the FFS highlighted above:
 [106#42][NR/LTE/mob enh] CHO configuration (OPPO)
	How to define the CHO configuration, how to update the configuration, how to configure the execution condition
	Intended outcome: Report to the next meeting
	Deadline:  Thursday 2019-08-08


From the above, it can be deduced that the work on CHO in mobility WI will continue in parallel to NTN SI and will handle also other aspects, like inter node signalling, in addition to possible triggering conditions. For the NTN discussions related to CHO, it seems that it would be beneficial to list possible triggering conditions from NTN operation perspective and give related pros and cons in the TR. 

Currently listed by NTN mobility email discussion #73
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X.X.X.X Conditional Handover
· Measurement-based triggering: Agreements in the mobility enhancements WI are to be taken as baseline. Configuration of triggering thresholds and/or which measurement events to use as triggers should consider the NTN environment e.g. the small cell quality difference between cell center and edge in NTN.
· Location (UE and Satellite) triggering: additional triggering conditions based on UE and satellite location can be considered in NTN and may be considered independently or jointly with another trigger (e.g. measurement based). Location-based conditional HO in LEO scenarios should consider deterministic satellite movement.
· Time(r)-based triggering: Several triggering conditions considering the time a region is served can be considered. This may be based on UTC time, or a timer-based solution, and may be considered independently or jointly with another trigger (e.g. measurement based). Time-based conditional HO in LEO scenarios should consider deterministic satellite movement.
· Advanced preparation based on footprint information: the UE can be provided with beam footprint information (I.e. the size of the beam footprint, focus and movement). Once the UE reaches the cell edge, the serving gNB can start to perform HO preparation with the neighbouring target gNB, and forward the UE context in advance to pre-configure the radio resources. FFS if this enhancement may be achieved by other already captured means e.g. conditional HO.
FFS: an evaluation of the pros and cons of various CHO triggering conditions.

The email discussion TP calls for evaluation of pros and cons of the various CHO triggering conditions.

The measurement based may not work well due to similar RSRP levels between neighbour cells as shown in[4]. Location based triggering could be useful for both LEO and GEO. As the email discussion concluded that more coarse location reporting is not seen useful, giving the location triggerer in the CHO requires a lot of bits. An alternative to location based triggering that might fit better for CHO is timing advance value based triggering. This is because when performing RACH, the timing advance needs to be compensated such that the received RACH preamble fits in the receive window. For both, it could be captured that it requires GNSS capable UEs. 
Timer or absolute time based CHO can be still considered as the mobility WI does not take into account aspects of LEO like moving cells. 
The advanced preparation seems to be supported if location based RRM reporting is supported. Source informing target belongs to RAN3 and based on the description here, nothing new is added. Further, this solution does not even belong to CHO as there target(s) are prepared before UE gets the HO command. Thus, this should be deleted.
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1. Conclusion

We propose the following:
Proposal 1	Agree the TP in appendix.
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Appendix
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X.X.X.X Conditional Handover
· Measurement-based triggering: Agreements in the mobility enhancements WI are to be taken as baseline. Configuration of triggering thresholds and/or which measurement events to use as triggers should consider the NTN environment e.g. the small cell quality difference between cell center and edge in NTN.
· Pros: probably already supported in Rel-16 by mobility WI
· Cons: small difference to RSRP/RSRQ values between overlapping cells may make the triggering point relatively vague
· Location (UE and Satellite) triggering: additional triggering conditions based on UE and satellite location can be considered in NTN and may be considered independently or jointly with another trigger (e.g. measurement based). Location-based conditional HO in LEO scenarios should consider deterministic satellite movement.
· Pros: Dues to small difference to RSRP/RSRQ values between overlapping cells, location based triggering may provide better accuracy for the triggering point.
· Cons: If no coarse location expression is considered, giving locations as triggering conditions involves a lot of bits. Requires GNSS capable UEs. Support for this needs to be explicitly added as not part of Rel-16. 
· Timing advance value based triggering: additional triggering conditions based on timing advance value to the target cell can be considered in NTN and may be considered indepenedly or jointly with another trigger.
· Pros: Timing advance based triggering fits well for the issue where UE needs to precompensate time when sending the RACH preamble in order the target cell to receive the preamble properly. Further, due to small difference to RSRP/RSRQ values between overlapping cells, timing advance based triggering may provide better accuracy for the triggering point. 
· Cons: Requires GNSS capable UEs. Support for this needs to be explicitly added as not part of Rel-16.
· 
· Time(r)-based triggering: Several triggering conditions considering the time a region is served can be considered. This may be based on UTC time, or a timer-based solution, and may be considered independently or jointly with another trigger (e.g. measurement based). Time-based conditional HO in LEO scenarios should consider deterministic satellite movement.
· Pros: Time(r) based triggering is able to take into account cell movement in LEO. 
· Cons: It does not take into account UE movement. Support for this needs to be explicitly added as not part of Rel-16.
· 
· Advanced preparation based on footprint information: the UE can be provided with beam footprint information (I.e. the size of the beam footprint, focus and movement). Once the UE reaches the cell edge, the serving gNB can start to perform HO preparation with the neighbouring target gNB, and forward the UE context in advance to pre-configure the radio resources. FFS if this enhancement may be achieved by other already captured means e.g. conditional HO.
FFS: an evaluation of the pros and cons of various CHO triggering conditions.
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