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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 tracking area management and update for NTN.

[bookmark: _Ref178064866]Discussion
In the GEO scenarios the height of the satellite is in the order of 35000km and the earth diameter that can be covered by one GEO satellite beam can be up to 1000km. In NR, the NR-PSS/SSS/PBCH are also broadcasted such that these RS cover the NR cell. Thus, each cell broadcasts the tracking area code (TAC) in SIB1 and also the paging message is broadcasted to the whole NR cell. Consequence of this is that it is possible for one NR cell to cover more than one country. It seems that a country agnostic shared mobile country code exists (MCC=901). However, further details are outside of RAN2 scope.

[bookmark: _Toc788930][bookmark: _Toc961898][bookmark: _Toc1065616]Paging UE on a cell in NTN that covers more than one country is outside of RAN2 scope.

[bookmark: _Toc528853075][bookmark: _Toc528872695][bookmark: _Toc789757][bookmark: _Toc957529][bookmark: _Toc960008][bookmark: _Toc1065608]Wait for SA2 progress before continuing related discussions in RAN2.

A related aspect that is in RAN2 scope, is the paging capacity for the GEO cell. A related discussion is the capacity of an NR cell, with respect to paging, but also with respect to the number of RACH preambles. However, under this AI, we should check the available paging capacity and consider if 1000km NR cell radius is feasible from that perspective.
The theoretical paging capacity in NR is limited by the number of Paging Occasion, PO, in a Paging Frame, PF. Every Radio Frame, RF, can be configured to be a PF but there can be at most 4 PO per PF. In a non-multibeam scenario 4 out of 10 subframes per PF can be used for paging. The resulting maximum paging capacity is in 400 PO per second. Each PO can at most include 32 paging records where each paging record includes a UE identity of the UE being paged. This implies that theoretically, an NR cell can page more than 46*106 UEs per hour. In one frame, 128 UEs can be paged.

The number of UEs that can be paged per hour will most likely be limited by other means than the available paging occasions. The load on both PDCCH and PDSCH must be taken into account as well as the RACH capacity.
In the email discussion on requirements, some numbers have been mentioned but not yet agreed. If 10 000 users per km2 is assumed and a hexagonal cell radius of 200km we get ~109 users per cell. In this case, ~4% of the users in the cell could be paged per hour. 
If it instead is assumed that 20% of all these UEs needs to be paged once per 24 hours to access the system, then 8,3*106 needs to get paged per hour. If this number of users should be able to access the system over one hour we need to configure approximately 100*8,3*106 preamble opportunities per hour just to support UEs being paged, (The factor 100 is used to achieve a collision rate of less than ~1%). 
If a numerology using SCS of 15kHz and every slot is configured for PRACH over 6 PRBs and 56 preambles is configured (leaving 8 for contention free access) 8,3*108 / 56 subframes is needed which gives an overhead of approximately 400% (15*106 /3,6*106) 
This also assumes that the gNB can detect all 56 preambles and, no attention has been given to the other 80% of the users in the system 


[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc528870202][bookmark: _Toc960009][bookmark: _Toc1065609]RAN2 to study the available NR paging capacity and consider if 10 000 users per km2 can be assumed as a requirement

Cell selection/reselection for GEO 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. 

[bookmark: _Toc960011][bookmark: _Toc1065610]In order to prevent too frequent tracking area updates an additional offset to measured RSRP/RSRQ is considered as one solution option.

Conclusion
We made the following observations:
Observation 1	Paging UE on a cell in NTN that covers more than one country is outside of RAN2 scope.
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We propose the following:
Proposal 1	Wait for SA2 progress before continuing related discussions in RAN2.
Proposal 2	RAN2 to study the available NR paging capacity and consider if 10 000 users per km2 can be assumed as a requirement
Proposal 3	In order to prevent too frequent tracking area updates an additional offset to measured RSRP/RSRQ is considered as one solution option.
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