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Introduction
This document proposes a possible methodology to estimate the paging capacity of a non-terrestrial networks depending on a set of parameters such as satellite beam size and UE density.
This paper is largely based on TDOC R2-1903576, prepared by Ericsson for the RAN2#105bis

[bookmark: _Ref178064866]Discussion
Paging capacity calculations are slightly more relevant for GEO than for LEO as the assumed NR cell size is larger for GEO. The maximum values for cell diameter assumed in TR 38.821 are 1000km for GEO and 500km for LEO but with 500km and 200km respectively, used as the reference beam footprint diameter. We should estimate the desired paging capacity that will determine the maximum R for NR cell .
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-multi-beam scenario 4 out of 10 sub-frames per PF can be used for paging. A non-multi-beam scenario is a scenario where there is one SSB per NR cell. The resulting maximum paging capacity with 100 PF per second is thus in 4*100 = 400 PO per second. Each PO can at most include 32 paging records in the paging message where each paging record includes a UE identity of the UE being paged. This implies that theoretically, an NR cell can page 32*400 = 12800 UEs per second, or equivalently, more than 46 Million UEs per hour (12800*60*60). I.e. from the network perspective, there are 1,44 Million occasions per hour to send a paging message and at each occasion, at most 32 UEs can be included in the paging message.

[bookmark: _Toc528870199][bookmark: _Toc1064022][bookmark: _Toc4676396][bookmark: _Toc4679757]Theoretically, a non-multi-beam NR cell can page 32*400 = 12800 UEs per second, or equivalently, more than 46 Million UEs per hour (12800*60*60) assuming 4 Paging Occasion (PO) per Paging Frame (PF).
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Figure 1 Area of a hexagonal cell with radius r
The theoretical capacity should be compared to the expected user densities for NTN cells. In the email discussion on requirements, some numbers for user densities have been mentioned and also proposed to be included in TR 38.821, but not yet agreed. If the proposed user densities, of Table B.1-1 in TP of email discussion to TR 38.821, is added for the different scenarios, a total of 620 users per km2 is assumed.  The cell area of a hexagonal cell using a radius of R km, see Figure 1, we get a cell area larger based on a regular hexagonal pattern. The maximum number of users per cell will be given by user density (Ud) and the cell area (given by radius R).

[bookmark: _Toc4676397][bookmark: _Toc4679758]The maximum radio cell will be determined by the user density (users per km2) and the theoretical paging capacity fo non terrestrial cells. The R maximum value will determine which non terrestrial networks comply with the constraints of paging service.

The total number of users does not tell how many UEs that are active. With the Activity factors proposed in the same Table 7.1-1 in TR 38.821, the number of users per km2 that would be active can be determined. To estimate the paging load, one would also need an estimate on how often a UE access the system and if the access is network originated (paging + random access) or mobile originated (random access), i.e. the Activity factor does not describe the arrival rate etc. in the cell. 

[bookmark: _Toc4679759]The activity factor does not describe the network originated call arrival rate.

If we assume that Ud users per km2 need to get paged once per hour, that is disregarding the activity factor. The cell area can be calculated based on a hexagonal form (A=3√3*R²). The total number of UEs that could be paged per hour would be Ud*Â (Ud*3√3*R²). 
If it instead is assumed that only a certain P% of all UEs in a cell needs to be paged once per 24 hours to access the system, then P*Ud*3√3*R² users need to get paged per hour. This would allow us to determine the paging channel capacity utilization. 

[bookmark: _Toc4676398][bookmark: _Toc4679760]If we assume that network originated call arrival rate is such that 20% of all UEs in a cell need to be paged once per 24 hours to access the system, then  Ud*A (Ud*3√3*R²) users can be paged per hour. This allows to determine the usage % of the capacity of the paging channel.

The number of UEs that is feasible to be paged per hour will most likely be limited by other means than the available paging occasions. Therefore, the paging capacity should also be considered together with the RACH capacity. If the users of previous example are paged and then need to access the system over one hour we need to configure approximately 100* Ud*3√3*R²preamble opportunities per hour just to support UEs being paged, (The factor 100 is used to achieve a collision rate of less than ~1% for slotted Aloha). 
The analysis above indicates that the maximum cell radius R needs to be evaluated to comply with paging channel and  RA channel needs for paging service in NTN. 
In the appendix we provide a TP capturing paging capacity calculations NTN with non-multibeam assumption with a cell area defined by R radius. It is proposed to adopt the TP to be included in TR.
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The above calculations are done with non-multi-beam assumption. With multi-beam assumption where on cell can have more than one SSB beams, the paging occasion definition may be more complicated. It should be discussed if RAN2 should make paging capacity calculations also for the multi-beam assumption.

[bookmark: _Toc4082137][bookmark: _Toc4676422][bookmark: _Toc4679768]RAN2 to discuss if the user density and activity factor will determine the maximum cell radius for non-terrestrial networks to comply with paging service needs. To repeat paging capacity and maximum beam radius calculations can be repeated for the multi-beam assumption where one cell there can have more than one SSB beams


Conclusion
We made the following observations:
Observation 1	Theoretically, a non-multibeam NR cell can page 32*400 = 12800 UEs per second, more than 46 Million UEs per hour (12800*60*60) assuming 4 Paging Occasion (PO) per Paging Frame (PF).
Observation 2	The maximum radio cell will  be determined by the user density (users per km2) and the theorical paging capacity fo non terrestrial cells. The R maximum value will determine which non terrestrial networks comply with the constraints of paging service.
Observation 3	The activity factor does not describe the network originated call arrival rate.
Observation 4	If we assume that network originated call arrival rate is such that 20% of all  UEs in a cell need to be paged once per 24 hours to access the system, then Ud*A (Ud*3√3*R²)  users can be paged per hour. This allows to determine the usage % of the capacity of the paging channel.


We propose the following:
Proposal 1	RAN2 to agree the TP in annex for TR 38.821
Proposal 2	RAN2 to discuss if the user density and activity factor will determine the maximum cell radius for non terrestrial networks to comply with paging service needs. To repeat paging capacity and maximum beam radius calculations can be repeated for the multibeam assumption where one cell there can have more than one SSB beams
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Appendix


-_____________________start of TP_____________

7.3.1 	Idle mode mobility enhancements
7.3.1.x Paging capacity for NTN

The paging rate can be established by accounting for various factors, for instance paging arrival rate, number of gNBs in a tracking area, user density per cell or type of paging scheme.
Based on the type of paging scheme, 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.
 A non-multi-beam scenario is a scenario where there is one SSB per NR cell. This SSB has N (N=4) out of 10 sub-frames per PF that can be used for paging. 
The resulting maximum paging capacity with 100 PF per second is then N*100 PO per second. Each PO can at most include 32 paging records in the paging message where each paging record includes a UE identity of the UE being paged. This implies that theoretically, an NR cell can page 32*N*100 UEs per second, or equivalently, 32*N*100*60*60 UEs per hour. .
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Figure 1 Area of a hexagonal cell with radius r
The theoretical paging capacity should determine the cell maximum radius to comply with the  expected number of users in an NTN cell (user density per km2). The beam cell area could be estimated using a hexagonal area (A=3√3*R²).
With a user density given by Ud users per km2, there will be UEd*A users per cell. 
The definition of R and N (number of PO per PF) should comply with the theoretical paging capacity required by Ud*A users as follows: Ud - P*A >= 32*N*100*3600 UE.
If not, it is assumed that only a certain % (P) of all UEs in a cell needs to be paged per 24 hours to access the system, we would require less capacity of the paging channel. In this case, only a percentage of the UEs could be pages per hour, using less than the maximum capacity of the paging channel.
The number of UEs that is feasible to be paged per hour will most likely be limited by other means than the available paging occasions. Therefore, the paging capacity should also be considered together with the RACH capacity. If the users of previous example are paged and then need to access the system over one hour we need to configure approximately 100* Ud*A*P preamble opportunities per hour just to support UEs being paged. The factor 100 is used to achieve a collision rate of less than ~1% for slotted Aloha. 
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___________________________end of TP________________
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