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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 new study item that had update SID [3] 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]
· Dual connectivity [RAN3 aspects] involving
· NTN-based NG-RAN (Transparent GEO or LEO satellites) and terrestrial based NG-RAN access: Xn terminated on the ground
· or two NTN-based NG-RAN access (between Regenerative LEO satellites): Xn over ISL

· 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#103bis, it is agreed to study the following UP and CP aspects:
UP Impacts to study 
1. DRX
2. HARQ 
3. Random access response 
4. RLC/PDCP reordering (e.g. timers and SN space)
5. SDAP => no impact
Impacts to study for CP
1. Mobility 
2. TA management and update 


In RAN2#104, the following is agreed for tracking area and paging topic:



Agreements:
1. RAN2 to study solutions for two different type of UE categories 1) with GNSS support, 2) without GNSS support
2. For GEO, the current tracking area management is assumed as a baseline
3. For LEO with moving beams study fixed and moving tracking area solutions 



In this paper, we discuss cell selection and reselection for NTN GEO and LEO.

[bookmark: _Ref178064866]Cell selection/reselection for NTN GEO 
In the GEO scenarios the height of the satellite is in the order of 35000km and the diameter that can be covered by one GEO satellite beam can be up to 500km according to [2]. In NR, the NR-PSS/SSS/PBCH are broadcasted such that these RS cover the NR cell. In a simplest scenario NR cell is as large as a satellite beam. In this case, there is one SSB per NR cell and coverage of the SSB-beam defines the cell coverage. Cell’s system information when broadcasted has the same coverage.
As the satellite beam coverage is relatively large, it is possible to cover more than one country, and it is more difficult to limit the satellite beam coverage within one country only.
It seems that a country agnostic shared mobile country code exists (MCC=901). However, it may be that the network uses country specific MCC. The following is captured in the latest version of the TR [2]:

8.6	User Location
A non-terrestrial network may provides global, or multi-country coverage. This imposes new challenges as compared to the terrestrial networks. For example, different policies may apply in different countries. The policies are enforced while the UE is in RRC CONNECTED mode. 
The coverage area of one satellite beam may cover (parts of or) more than one country at times, while the satellite field of view may be larger than a country.
The User Location Information, i.e. NTN cell id, may not provide sufficient accuracy to the network to ensure that the right, country-specific policies can be applied. A more accurate UE location determination scheme for RRC CONNECTED UE may be needed to enforce country-specific policies.


The above text brings up a few questions. For example, is it assumed that UE connected to, or initiates connection to one NR cell would be served differently based on the UE locations. That is, whether the UE is located in country A or country B. Or, should it be assumed that each country has at least one NR cell that is serving that country and that even if UE located in country A measures good or even better RSRP for NR cell belonging to country B, it should still select NR cell belonging to country A?
When performing cell selection or reselection, UE should do that among suitable cells. For a terrestrial cell to be a suitable cell, it needs to meet following criteria:
· the PLMN the cell belongs to has to be included in the list UE has received NAS level 
· cell has to fulfill cell selection criteria which is RSRP based
· the cell cannot be barred and cannot be part of forbidden Tracking Areas list

If country specific PLMN is used, it should be discussed that can it be assumed to be enough that UE selected correct cell for camping? Or, if PLMN is country agnostic, does the UE need to select/reselect cell based on location? The existing text in TR hints that enhancement to current way of selecting/reselecting cells is indeed needed.

[bookmark: _Toc788930][bookmark: _Toc961898][bookmark: _Toc1065616][bookmark: _Toc4079576]Existing text in Section 8.6 in TR 38.821 hints that enhancement to current way of selecting/reselecting cells is indeed needed.
One possible enhancement is that the cell broadcasts in SI a geographical reference point and cell selection rules are enhanced to take into account the geographical distance between the device and a reference point associated with a cell. Downside is that if this distance needs to follow country regions it may become complicated. However, it is proposed that this is captured in the TR as possible enhancements and some description on pros and cons is added as well. We provide a draft TP in the appendix and propose that is taken as baseline for cell selection/reselection in TR.

[bookmark: _Toc4079578]Adopt draft TP1 in appendix as baseline for text in TR for 7.3.1.x Cell selection/reselection for NTN GEO

Cell selection/reselection for NTN LEO to reduce tracking area updates
The tracking area code (TAC) is broadcasted by the cell in system information. If UE at cell selection or reselection reads TAC that is not currently listed to UE by AMF, UE would be required to perform tracking area update. In order to prevent too frequent tracking area updates an additional offset to measured RSRP/RSRQ could be applied. That is, cell selection/reselection causing tracking area update is made only when necessary and the ping pong effect is diminished with the expense of allowing lower RSRP/RSRQ value for a suitable cell the UE is camping on. 
In Appendix, we provide a draft TP to describe issue and possible solution

[bookmark: _Toc960011][bookmark: _Toc1065610]Adopt draft TP2 in appendix as baseline for text in TR for 7.3.1.x Cell selection/reselection for NTN LEO.

Conclusion
We made the following observations:
Observation 1	Existing text in Section 8.6 in TR 38.821 hints that enhancement to current  way of selecting/reselecting cells is indeed needed.

We propose the following:
Proposal 1	Adopt draft TP in appendix as baseline for text in TR for 7.3.1.1 Cell selection/reselection for NTN

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]RP-181370, New SID on Solutions for NR to support Non Terrestrial Network, Thales, RAN#80, La Jolla
[bookmark: _Ref4072419]R3-191167, TR 38.821, Ver 040
[bookmark: _Ref535910248][bookmark: _Ref880517]RP-182880, Study on solutions for NR to support non-terrestrial networks (NTN)

Appendix

_____________start of TP1_____________________
7.3.1 	Idle mode mobility enhancements

7.3.1.x Cell selection/reselection for NTN GEO
In Section 8.6, it is stated that User Location Information, i.e. NTN cell may not provide sufficient accuracy to the network to ensure that right, country-specific policies can be applied. Further, more than one satellite beam may provide coverage for area belonging to one country. In addition, it may be that only one of these satellite beams is prepared to serve UEs in the country. If these cells then belong to country specific PLMNs, the current cell selection and reselection criteria are suitable. However, if these cells belong to same country agnostic PLMN enhancements may be needed for cell selection and reselection procedures as it is beneficial to be able to serve the UE by the cell it is camping on. Otherwise costly HO is needed after initial access. 
One possible enhancement is that the cell broadcasts in SI a geographical reference point and cell selection rules are enhanced to take into account the geographical distance between the device and a reference point associated with a cell. Downside is that if this distance needs to follow country regions it may become complicated.
There may also be other reasons to apply location-based camping rules such as load balancing at satellite beam border area. For example a known hotspot can be steered to cell A and another known hot spot also locating under two cell’s coverage area is steered to cell B.

------------------------------end of TP1-----------------------

_____________start of TP2_____________________
7.3.1 	Idle mode mobility enhancements
7.3.1.x Cell selection/reselection for NTN LEO
The tracking area code (TAC) is broadcasted by the cell in system information. If UE at cell selection or reselection reads TAC that is not currently listed to UE by AMF, UE would be required to perform tracking area update. In order to prevent too frequent tracking area updates an additional offset to measured RSRP/RSRQ could be applied. That is, cell selection/reselection causing tracking area update is made only when necessary and the ping pong effect is diminished with the expense of allowing lower RSRP/RSRQ value for a suitable cell the UE is camping on. 


------------------------------end of TP2-----------------------
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