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1   Introduction
In the RAN3#109-e meeting, we initially discussed Registration Update and Paging Handling for NTN, and agreed that:
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In RAN3#110-e meeting, the potential paging enhancements for NTN were discussed in [1], as below:

1) It is feasible and beneficial for paging stationary UE based on specific SSB beam in GEO NTN cell and LEO with earth fixed cell. [1, 2, 3]

2) It’s beneficial to introduce some kind of paging enhancement for transparent LEO with moving cells to minimize the signalling overhead of the paging.[4, 8]

3) the similar paging optimization mechanism as LTE and NR R15 could be reused, by using of the UE location info (GNSS info) as the assistance info. [4, 8]

4) Provide the schedule of the TAC for the moving cells. [6]

5)  Revert the WA to not different TA that contains NTN cells in order to allow some optimisation  [6]

6) The existing paging mechanism for NTN is enough for R-17.[7]

However, there’s no consensus yet. In this contribution, we will further discuss the potential Paging enhancement and provide corresponding proposals.
2   Discussion
For GEO and transparent LEO with geographical fixed cell, the cell is fixed on earth. Therefore it’s assumed the existing paging optimization mechanism could be applied, by using the history information. The NG-RAN node provides the Information on Recommended Cells and RAN Nodes for Paging IE to AMF in UE CONTEXT RELEASE COMPLETE message. When AMF needs to page the UE, it selects the RAN nodes recommended by NG-RAN, and sends the PAGING message including the recommended cells in the Assistance Data for Paging IE. Upon reception of the PAGING message with Assistance Data for Paging, the NG-RAN node decides whether to page the UE and in which Cells to page the UE according to the Assistance Data for Paging IE.
Observation 1: For GEO and transparent LEO with geographical fixed cells, the existing paging optimization mechanism could be applied, i.e. leverage the existing Information on Recommended Cells and RAN Nodes for Paging IE in UE CONTEXT RELEASE COMPLETE message and Assistance Data for Paging IE in PAGING message.
For transparent LEO with moving cells, the cells are moving really fast, it’s not possible to use the recommended cells and RAN nodes provided by the last serving NG-RAN node to decide the scope of paging. And it’s hard for AMF or NG-RAN to deduce the potential location of the UE according to the recommended info provided by the last serving NG-RAN node some time before.

Observation 2: For transparent LEO with moving cells, the existing paging optimization mechanism is not appropriate due to the fast moving of the cells.
As the coverage of a NTN cell is usually much bigger than a NR cell in terrestrial network. Thus, one NTN cell may serve huge number of UEs. And considering a Tracking Area is usually much bigger than a cell, to page a UE in its Registration Area (TA list) means to page a UE in a very big geographic area. Page large amount of UEs will cause high signalling overhead for each of the cell. Therefore, it seems essential to introduce some kind of paging optimization (e.g. UE location based paging) to minimize the scope of paging for the UE, then it could obviously reduce the signalling overhead caused by the RA based paging.
Observation 3: For transparent LEO with moving cells, it’s essential to do some kind of paging enhancement to minimize the signalling overhead of the paging.
NG-RAN node could get the accurate UE location info (UE GNSS info) by some means, e.g.:

· NG-RAN node gets the accurate UE location info via UE location report, pending to RAN2.

· NG-RAN node gets the comparable UE location info by implementation, i.e. some kind of network based positioning mechanism.  
Observation 4: NG-RAN node may be able to get the accurate UE location via UE reporting, network based positioning, or the other means.

In case NG-RAN could not get the accurate UE location info (UE GNSS info), at least it knows the momentary coverage of the serving cell of the UE. Then NG-RAN node could deduce the probable geographical area of the UE according to the current coverage of the serving beam.
Observation 5: Even if NG-RAN node could not get the accurate UE location info, it could get the coarse UE location info (probable geographical area) via the momentary coverage of the serving cell of the UE.

Base on above discussion, the last serving NG-RAN node is able to have the accurate or coarse UE location info when send a UE to IDLE. With this assumption, the similar mechanism as the “Paging optimization” we have introduced for LTE and NR, just as discussed in the beginning. The last NG-RAN node could include the UE location info in UE CONTEXT RELEASE COMPLETE message. When AMF initiates the Paging for the UE, it could include the UE location info in the PAGING message. Then the NG-RAN nodes which receive the PAGING message should decide whether to page the UE or in which cell(s) to page the UE, according with the UE location info.
Observation 6: the accurate UE location info or the coarse UE location info could be used to enhance the paging.

Proposal 1: the similar paging optimization mechanism as LTE and NR R15 could be reused, by using of the UE location info (GNSS info) as the assistance info.

The whole procedure could be illustrated with the figure below:
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Figure 1. UE location based paging in NTN
Step0. UE is working in NG-RAN node 1, the NG-RAN node could get the UE location info (GNSS info) by any means, e.g. via UE reporting, via Network implementation.
Step1. AMF send UE CONTEXT RELEASE COMMAND to the NG-RAN node to release the UE.
Step2. The NG-RAN node send RRCRelease message to UE, send UE to idle mode.
Step3. The NG-RAN node sends UE CONTEXT RELEASE COMPLETE message to AMF, including the UE location info.
Step4. AMF stores the UE location info.
Step5. AMF sends PAGING messages to NG-RAN nodes associated to the RA of the UE, and include the UE location info in the PAGING message.
Step6. Upon receipt of PAGING message, each NG-RAN node should judge whether the UE location info included in the PAGING message is in its coverage, and determine whether to page the UE, which cell(s) to page the UE in the Uu interface.
Step7. Associated NG-RAN node sends the PAGING message to the UE.
The corresponding stage 2 TP for 38.300 is provided in section 5, and the stage 3 CR for TS 38.413 is provided in [3].
Proposal 2: Discuss and agree the stage 2 TP in section 5 and the stage 3 CR in [3].
3   Proposal
In this contribution, we further discussed the potential enhancement for paging in NTN and provide corresponding observations and proposals:
Observation 1: For GEO and transparent LEO with geographical fixed cells, the existing paging optimization mechanism could be applied, i.e. leverage the existing Information on Recommended Cells and RAN Nodes for Paging IE in UE CONTEXT RELEASE COMPLETE message and Assistance Data for Paging IE in PAGING message.
Observation 2: For transparent LEO with moving cells, the existing paging optimization mechanism is not appropriate due to the fast moving of the cells.
Observation 3: For transparent LEO with moving cells, it’s essential to do some kind of paging enhancement to minimize the signalling overhead of the paging.
Observation 4: NG-RAN node may be able to get the accurate UE location via UE reporting, network based positioning, or the other means.

Observation 5: Even if NG-RAN node could not get the accurate UE location info, it could get the coarse UE location info (probable geographical area) via the momentary coverage of the serving cell of the UE.

Observation 6: the accurate UE location info or the coarse UE location info could be used to enhance the paging.

Proposal 1: the similar paging optimization mechanism as LTE and NR R15 could be reused, by using of the UE location info (GNSS info) as the assistance info.

Proposal 2: Discuss and agree the stage 2 TP in section 5 and the stage 3 CR in [3].
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5   Text Proposal for TS 38.300 BL CR
<<<<<<<<<<<<<<<<<<<<<<<<<<< Begin of the Change >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
9.2.5
Paging

Paging allows the network to reach UEs in RRC_IDLE and in RRC_INACTIVE state through Paging messages, and to notify UEs in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED state of system information change (see clause 7.3.3) and ETWS/CMAS indications (see clause 16.4) through Short Messages. Both Paging messages and Short Messages are addressed with P-RNTI on PDCCH, but while the former is sent on PCCH, the latter is sent over PDCCH directly (see clause 6.5 of TS 38.331 [12]).

While in RRC_IDLE the UE monitors the paging channels for CN-initiated paging; in RRC_INACTIVE the UE also monitors paging channels for RAN-initiated paging. A UE need not monitor paging channels continuously though; Paging DRX is defined where the UE in RRC_IDLE or RRC_INACTIVE is only required to monitor paging channels during one Paging Occasion (PO) per DRX cycle (see TS 38.304 [10]). The Paging DRX cycles are configured by the network:

1)
For CN-initiated paging, a default cycle is broadcast in system information;

2)
For CN-initiated paging, a UE specific cycle can be configured via NAS signalling;

3)
For RAN-initiated paging, a UE-specific cycle is configured via RRC signalling;

-
The UE uses the shortest of the DRX cycles applicable i.e. a UE in RRC_IDLE uses the shortest of the first two cycles above, while a UE in RRC_INACTIVE uses the shortest of the three.

The POs of a UE for CN-initiated and RAN-initiated paging are based on the same UE ID, resulting in overlapping POs for both. The number of different POs in a DRX cycle is configurable via system information and a network may distribute UEs to those POs based on their IDs.

When in RRC_CONNECTED, the UE monitors the paging channels in any PO signalled in system information for SI change indication and PWS notification. In case of BA, a UE in RRC_CONNECTED only monitors paging channels on the active BWP with common search space configured.

For operation with shared spectrum channel access, a UE can be configured for an additional number of PDCCH monitoring occasions in its PO to monitor for paging. However, when the UE detects a PDCCH transmission within the UE’s PO addressed with P-RNTI, the UE is not required to monitor the subsequent PDCCH monitoring occasions within this PO.

Paging optimization for UEs in CM_IDLE: at UE context release, the NG-RAN node may provide the AMF with a list of recommended cells and NG-RAN nodes as assistance info for subsequent paging. The AMF may also provide Paging Attempt Information consisting of a Paging Attempt Count and the Intended Number of Paging Attempts and may include the Next Paging Area Scope. If Paging Attempt Information is included in the Paging message, each paged NG-RAN node receives the same information during a paging attempt. The Paging Attempt Count shall be increased by one at each new paging attempt. The Next Paging Area Scope, when present, indicates whether the AMF plans to modify the paging area currently selected at next paging attempt. If the UE has changed its state to CM CONNECTED the Paging Attempt Count is reset.

Paging optimization for UEs in RRC_INACTIVE: at RAN Paging, the serving NG-RAN node provides RAN Paging area information. The serving NG-RAN node may also provide RAN Paging attempt information. Each paged NG-RAN node receives the same RAN Paging attempt information during a paging attempt with the following content: Paging Attempt Count, the intended number of paging attempts and the Next Paging Area Scope. The Paging Attempt Count shall be increased by one at each new paging attempt. The Next Paging Area Scope, when present, indicates whether the serving NG_RAN node plans to modify the RAN Paging Area currently selected at next paging attempt. If the UE leaves RRC_INACTIVE state the Paging Attempt Count is reset.

Paging optimization for NTN: at UE context release, the NG-RAN node may provide the AMF with the User Geographical Location Information as assistance info for subsequent paging. The AMF may include the received User Geographical Location Information in the following PAGING message. The NG-RAN node shall decide whether to page the UE, and in which cell(s) to page the UE according to the User Geographical Location Information. The AMF may also provide Paging Attempt Information consisting of a Paging Attempt Count and the Intended Number of Paging Attempts and may include the Next Paging Area Scope. If Paging Attempt Information is included in the Paging message, each paged NG-RAN node receives the same information during a paging attempt. The Paging Attempt Count shall be increased by one at each new paging attempt. The Next Paging Area Scope, when present, indicates whether the AMF plans to modify the paging area currently selected at next paging attempt. If the UE has changed its state to CM CONNECTED the Paging Attempt Count is reset.

<<<<<<<<<<<<<<<<<<<<<<<<<<< End of the Change >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
Existing paging mechanism is taken as baseline. Paging enhancements are FFS (e.g. using location information, etc.)


Existing registration mechanism is taken as baseline. Further discussion and coordination with SA2/RAN2 are needed.
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