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1   Introduction
Based on last discussion in RAN3#109bis meeting, the idea of paging per SSB beam is initially induced, firstly thanks for comments provided from other friendly companies. 

In this contribution, we would like to continue to discuss this idea and also includes some clarification based on the received comments. Based on current paging optimization solution in Rel-15, paging granularity is based on recommended cells level. However, we should not precluded further optimization in Rel-17 for NTN cell.
2   Discussion

In the current the TR 38821-g00, we should have a clear knowledge about the mapping relation between NTN cell and satellite beam and SSB beam. Because Rel-15 definitions are considered as a baseline for NTN, similar to TN, one or several SSB index can be used per cell(PCI) to separate SSB transmission on different beams. So SSB-Index can also be used as an identification of TX beam which transmit a SS/PBCH block in Rel-17 NTN cell.
 And in the [1] section 7.3.1 of TR 38821-g00, both options a) same PCI for several satellite beams and b) one PCI per satellite beam as shown in below figure-1. 
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Figure-1: Options for PCI mapping into satellite beams

We can change another description which is easier to be understood, for a) same PCI for several satellite beams, i.e., multiple satellite beams per cell. For b) one PCI per satellite beam, i.e., single satellite beam per cell.
A satellite beam can consist of one or more SSB beams. One cell (PCI) can have maximum of L SSB beams, where L can be 4, 8 or 64 depending on the band. And next, we take below one possible NTN configuration scenario as an example, figure-2 shows a case that one GEO NTN cell with 8 satellite beams, and each satellite beam consists of one SSB beam. 
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Figure-2: GEO transparent payload, one NTN cell, 8 satellite beams, each satellite beam with one SSB beam
In case that one static UE is covered by the first SSB beam0 in this GEO NTN cell, 

According to current paging optimization mechanism in Rel-15 NR network for the UEs in CM-IDLE status, the NG-RAN node may provide the AMF with a list of recommended cells and NG-RAN nodes as assistance info for subsequent paging via NGAP message. That is to say that one UE can only be paged within the recommended cells as a minimum granularity. NG-RAN node can transmit RRC Paging messsage using all the beams and one TX SSB beam corresponding to one paging time slot in one Paging Occasion (PO) per DRX cycle. As below figure-3 shown, Since this GEO NTN cell have a configurarion with 8 satellite beams, and each satellite beam with one SSB beam. So Paging will be transmitted in all the satellite beams, i.e., Paging will be transmitted in all the SSB beams in recommended cell(s) according to Rel-15 Paging mechannism.
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Figure-3: Paging is transmitted by all the SSB beams in current Rel-15 NR network

However, for the NTN cell, it is absolute that the cell diameter is very large in the range of 100 km to 1000 km in case of LEO (and even larger for GEO). Moreover, for the GEO satellite, it is regarded to appear motionless to ground observers, at a fixed position in the sky, in plus assumption that the UE is also stationary with respect to ground. In this case, like above example as shown in figure-2, static UE is in the coverage of SSB beam0 of GEO satellite, while paging UE, it is unnecessary for RRC Paging message to be sent through all the SSB beams within GEO NTN cell since this static UE is absolutely covered by only one SSB beam0 within this cell. 
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Figure-4: Paging is transmitted by the specific SSB beam(s)

If paging UE in only one paging time slot in one Paging Occasion using specific SSB beam (show in Alt.2 of Figure-4), compared to paging UE in each paging time slot using all the SSB beams, it can save the power consumption of satellite and radio resource schedule. And moreover, the same RRC Paging message for this UE is transmitted in each paging time slot within one Paging Occasion via the only one specific SSB beam (show in Alt.1 of Figure-4), it can possibly save paging time that UE successfully detected paging message. 
For the LEO satellite with steerable beam function, assume that temporary earth fixed cell/beam during a certain time duration while the satellite is visible and keep the connection with current gNB. It is also applicable for the paging based on SSB beam as like GEO NTN cell before the satellite beam(s) of LEO is changed to cover subsequent new area.

Based on above analysis, we would like have a proposal.
Proposal1: It is feasible and beneficial for paging stationary UE based on specific SSB beam(s) in GEO NTN cell and LEO with earth fixed cell.
Of course, for the UE with movement, since GEO NTN cell diameter is very large with up to or more than the range of 1000 km, and in the range of 100 km to 1000 km in case of LEO, so the coverage of one SSB beam in the NTN cell is far larger than the one in TN NR cell even if one NTN cell have maximum 64 SSB beams (the cover area [image: image5.png]


/64, when NTN cell diameter=1000km, divided by 64 SSB beams, the one SSB beam diameter is about 125km; when NTN cell diameter=100km, divided by 64 SSB beams, the one SSB beam diameter is about 12.5km;). Therefore it is also very high possibility for the UE with low velocity movement to be in the same SSB beam’s coverage when paging this UE. And the possibility of paging failure is not high. However it does not preclude the possible issue of paging failure for the UE located in the edge area between two neighbouring SSB beams if paging this UE only in one SSB beam. In this case, paging UE with these two neighbouring SSB beams and the possibility of paging failure is also not high. At last if paging failure happened based on recommend SSB beam(s), paging area can be extended for all the SSB beams with this recommend cell. If paging failure happened again, paging UE in all the cells within TAI list configured for this UE.

The range of paging is expanded step by step in case of paging failure happen.
a) Paging based on recommended SSB beam(s) with recommended GEO NTN cell. If failure, execute step#b

b) Paging based on all the SSB beams with recommended GEO NTN cell. If failure, execute step#c

c) Paging based on all the cells with TAI list configured for this UE.

We can see the step#b and step#c are the existing paging mechanism in Rel-15 TN NR. 

Obervation1: For UE with movement, paging failure could happen. But the possibility is not high considering the SSB coverage is large. 
Obervation2: In case of paging failure, the paging area can be extended to cell or TA as Rel-15 current paging optimization mechanism.
For the CN initiated Paging, CN is a decider to select which NG-RAN node(s) and which cell(s) to paging UE according to the configured TAL for each UE as usual, and NG-RAN node is an executor to select the corresponding cells to paging UE when receiving the NGAP PAGING from AMF with specific TAL information. 
According to current paging optimization mechanism in Rel-15 NR network for the UEs in CM-IDLE status, the NG-RAN node may provide to the AMF with a list of recommended cells and NG-RAN nodes as assistance info for subsequent paging via NGAP message. Since NG-RAN node does not store these information When UE goes into IDLE after UE context released. AMF store these information and as recommended cell(s) for the subsequent paging.
Following the similar principle, according to history of stay in which SSB beam and how much time, NG-RAN node can also provide to the AMF with a list of recommended SSB beams for the each the recommended cell via existing the NGAP UE CONTEXT RELEASE COMPLETE message, and AMF store it and may use it as asistant informaiton for the subsequent paging. Moreover, when CN paging this UE, CN send NGAP PAGING and may carry with these recommended SSB beam(s) within the recommended cell(s) to NG-RAN node, and then NG-RAN node initiates RRC paging in recommended SSB beam(s) within recommended cell rather than all the SSB beams within this recommended cell.
According to conclusion of RAN1, in NTN, the association between satellite beams and SSBs index is left for implementation (i.e. it will not be specified). However, SSB-Index is already specified in the Rel-15 TS 38331 and TS 38473. So the SSB-Index can be used to identify which SSB beam, or which satellite beam mapping to corresponding SSB beam according to the implementation mapping rule.
Considering the impact to current specification of TS 38413 NGAP, the corresponding CR is provided with R3-206045.
Proposal2: Agree the drafted CR provided with R3-20XXXX impacted with NGAP for the paging UE based on specific SSB beam.

For the non-split NG-RAN node, NG-RAN node can know which SSB beam of which cell UE have accessed to, however for the case of split gNB, gNB-CU only know the which cell UE have accessed to, gNB-DU know the which SSB beam of which cell UE have accessed to, so paging UE based on recommended SSB beam may have some impact with F1AP. Follow the similar principles, the recommended the SSB beam list info can be transferred by the existing F1AP UE CONTEXT RELEASE COMPLETE to GNB-CU from GNB-DU during UE context release procedure. 
The corresponding CR is provided with R3-206046 for the consideration of imapct with to specification of TS 38473 F1AP.
Proposal3: Agree the drafted CR provided with R3-20XXXX impacted with F1AP for the paging UE based on specific SSB beam in case of split gNB.

For the LEO satellite with moving beam, due to LEO satellite movement with characteristics of “predictable and periodical”, and moreover, the cell configuration is decided by the on ground gNB, the mapping between SSB beam and satellite beam for different satellites within the same orbit may be same and OAM provision. If NG-RAN node is aware of stationary UE location when UE context released, and NG-RAN node can know which satellite beam or SSB beam cover UE through OAM provision (e.g., provide relevant information of mapping between satellite beam and SSB beam, and coverage area of each satellite beam this cell). So paging optimization on specific SSB beam(s) within LEO with earth moving cell seems applicable, and detail is FFS.

Obervation3: It seems applicable for the paging on specific SSB beam(s) based on UE location and relevant information from OAM provision in LEO with earth moving cell. Detail is FFS.
3   Conclusion
Based on the discussion in this paper, we have below observation and proposal:
Proposal1: It is feasible and beneficial for paging stationary UE based on specific SSB beam in GEO NTN cell and LEO with earth fixed cell.
Obervation1: For UE with movement, paging failure could happen. But the possibility is not high considering the SSB coverage is large.
Obervation2: In case of paging failure, the paging area can be extended to cell or TA as Rel-15 current paging optimization mechanism.
Proposal2: Agree the drafted CR provided with R3-206045 impacted with NGAP for the paging UE based on specific SSB beam.

Proposal3: Agree the drafted CR provided with R3-206046 impacted with F1AP for the paging UE based on specific SSB beam in case of split gNB.

Obervation3: It seems applicable for the paging on specific SSB beam(s) based on UE location and relevant information from OAM provision in LEO with earth moving cell. Detail is FFS.
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Alt.2: Paging is transmitted in only one paging time slot using specific TX beam0.
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