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Introduction
In the last RAN2 meeting, paging capacity for NTN was discussed and it is encourage to provide contribution on this in this meeting. In this contribution, we provide our paging capacity evaluation for NTN. 
Discussion
In NR, paging message received by UE includes CN paging and RNA paging. When downlink data arrives at CN, AMF will page the UE within its registration region. A registration region may include one or multiple TA. When downlink data arrives at anchor gNB, the gNB will trigger RNA paging within RNA. This means that one cell needs to be capable of supporting to page the UEs within at least its TA and its RNA. Generally, RNA is covered by TA. So, we evaluate the paging capacity of NTN by considering the traffic within one TA.
We make an assumption that there are M cells in one TA. Note that we model one beam foot as one cell. If considering multi-SSB scenario, M cells could be replaced by M beam by modelling one beam foot as one SSB beam. According to TR 38.821, the cell size is 100-500 km for LEO and 200-1000 km for GEO. We take 200 km and 500 km as type value of cell size to conduct our evaluation for LEO and GEO respectively. Then, the area of one cell will be 125,600 km2 for LEO and 785,000 km2 for GEO. With the assumption of user density of 620 users per km2, the user number of one cell will be about 77.9millio for LEO and 486.7 million for GEO. If assuming that x is the probability of one UE being paged per 24 hours, then LEO cell needs to support M*77.9*10^6*x/24 paging capacity per hour and GEO cell needs to support M*486.7*10^6*x/24 paging capacity per hour.
The theoretical paging capacity in NR is limited by the density of PF and the number of PO in a PF. According to TS38.331, every Radio Frame can be configured to be a PF but there can be at most 4 PO per PF. The precondition of this configuration is that there are enough monitor occasions of paging PDCCH in PF to ensure that each beam could be allocated 4 monitor occasions at least. 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).
The following figures evaluate the paging capacity requirement with different TA size and different probability of one UE being paged per 24 hours.
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Figure 1 Paging capacity requirement in LEO scenario
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Figure 2 Paging capacity requirement in GEO scenario
According to the two figure, we could observe:
Observation 1: for LEO scenario, the paging capacity could support the paging requirement of one TA of about 70 cells with 200km radius if 20% UEs need to be paged per 24 hours.
Observation 2: for LEO scenario, the paging capacity could support the paging requirement of one TA of about 30 cells with 200km radius if 50% UEs need to be paged per 24 hours.
Observation 3: for GEO scenario, the paging capacity could support the paging requirement of one TA of about 12 cells with 500km radius if 20% UEs need to be paged per 24 hours.
Observation 4: for GEO scenario, the paging capacity could support the paging requirement of one TA of about 5 cells with 500km radius if 50% UEs need to be paged per 24 hours.
Then, we could get the conclusion that the paging capacity could satisfy the NTN requirement when TA is small. Therefore, it is not necessary to worry about paging capacity issue in NTN.
Proposal 1: RAN2 may not need to consider paging capacity issue in NTN.
Proposal 2: Capture the TP about the paging capacity evaluation in TR 38.821 in Appendix.
Conclusion
In this contribution, we provided our paging capacity evaluation for NTN, and we get the following observation:
Observation 1: for LEO scenario, the paging capacity could support the paging requirement of one TA of about 70 cells with 200km radius if 20% UEs need to be paged per 24 hours.
Observation 2: for LEO scenario, the paging capacity could support the paging requirement of one TA of about 30 cells with 200km radius if 50% UEs need to be paged per 24 hours.
Observation 3: for GEO scenario, the paging capacity could support the paging requirement of one TA of about 12 cells with 500km radius if 20% UEs need to be paged per 24 hours.
Observation 4: for GEO scenario, the paging capacity could support the paging requirement of one TA of about 5 cells with 500km radius if 50% UEs need to be paged per 24 hours.
Proposal: RAN2 may not need to consider paging capacity issue in NTN.
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Editor’s note: RAN2 will study impacts and possible enhancements to TA management and update and report to RAN3
7.3.3.x Paging capacity evaluation
In NR, paging message received by UE includes CN paging and RNA paging. When downlink data arrives at CN, AMF will page the UE within its registration region. A registration region may include one or multiple TA. When downlink data arrives at anchor gNB, the gNB will trigger RNA paging within RNA. This means that one cell needs to be capable of supporting to page the UEs within at least its TA and its RNA. Generally, RNA is covered by TA. So, we evaluate the paging capacity of NTN by considering the traffic within one TA.
We make an assumption that there are M cells in one TA. Note that we model one beam foot as one cell. If considering multi-SSB scenario, M cells could be replaced by M beam by modelling one beam foot as one SSB beam. According to TR 38.821, the cell size is 100-500 km for LEO and 200-1000 km for GEO. We take 200 km and 500 km as type value of cell size to conduct our evaluation for LEO and GEO respectively. Then, the area of one cell will be 125,600 km2 for LEO and 785,000 km2 for GEO. With the assumption of user density of 620 users per km2, the user number of one cell will be about 77.9millio for LEO and 486.7 million for GEO. If assuming that x is the probability of one UE being paged per 24 hours, then LEO cell needs to support M*77.9*10^6*x/24 paging capacity per hour and GEO cell needs to support M*486.7*10^6*x/24 paging capacity per hour.
The theoretical paging capacity in NR is limited by the density of PF and the number of PO in a PF. According to TS38.331, every Radio Frame can be configured to be a PF but there can be at most 4 PO per PF. The precondition of this configuration is that there are enough monitor occasions of paging PDCCH in PF to ensure that each beam could be allocated 4 monitor occasions at least. 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).
The following figures evaluate the paging capacity requirement with different TA size and different probability of one UE being paged per 24 hours.
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Figure 7.3.3.x-1 Paging capacity requirement in LEO scenario
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Figure 7.3.3.x-2 Paging capacity requirement in GEO scenario
According to the two figure, we could observe:
· for LEO scenario, the paging capacity could support the paging requirement of one TA of about 70 cells with 200km radius if 20% UEs need to be paged per 24 hours.
· for LEO scenario, the paging capacity could support the paging requirement of one TA of about 30 cells with 200km radius if 50% UEs need to be paged per 24 hours.
· for GEO scenario, the paging capacity could support the paging requirement of one TA of about 12 cells with 500km radius if 20% UEs need to be paged per 24 hours.
· for GEO scenario, the paging capacity could support the paging requirement of one TA of about 5 cells with 500km radius if 50% UEs need to be paged per 24 hours.
Then, we could get the conclusion that the paging capacity could satisfy the NTN requirement when TA is small. Therefore, it is not necessary to worry about paging capacity issue in NTN.
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