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1   Introduction
In the NTN Rel-17 WID [1], the following NG-RAN architecture enhancements should be specified (see TR 38.821)
· to support feeder link switch over in Transparent payload architecture based LEO scenarios

· network identities handling

· registration update and paging handling

· cell relation handling and related features e.g. neighbours, ANR, RAN paging … 

In NTN Rel-16 SI phase, there are several options on the registration update and paging specified in the TR 38.821 [2]. 

· Option 1: UE is capable to determine its location

· Option 2: UE is not capable to determine its location

· Solution 1: Timing window based Registration update and paging
· Solution 2: UE assisted TA list report/registration and paging
· Solution 3: Multi-Tracking Area ID based Registration update and paging
· Solution 4: UE location determined by NTN based NG-RAN
In this contribution, we will further discuss the registration update and paging handling base on the outcome of the SI and provide corresponding proposals.

2   Discussion
In this contribution, we will discuss registration update and paging solutions on basis of the TR 38.821[2].
Let’s first discuss the solutions of the option 2:
· Option 2: UE is not capable to determine its location

· Solution 1: Timing window based Registration update and paging
· Solution 2: UE assisted TA list report/registration and paging
· Solution 3: Multi-Tracking Area ID based Registration update and paging
· Solution 4: UE location determined by NTN based NG-RAN
Solution 1: Timing window based Registration update and paging
 This solution is only applied for the moving Tracking Area case, e.g., a geo-area will be served by NTN beam#1 with TAC#1 during 10:01 – 10:10, NTN beam#2 with TAC#2 during 10:11 – 10:20, etc.
As geography fixed Tracking Area is assumed, this solution is not applied.
Observation 1: As geography fixed Tracking Area is assumed in the WID, the solution 1 is not applied.
Solution 2: UE assisted TA list report/registration and paging 
Only one TAI is broadcast in system information in NTN cell based on fixed TA planning area on ground.
Solution 3: Multi-Tracking Area ID based Registration update and paging
Instead of broadcasting a single TAI, the satellite could broadcast a list of TAIs of covered TAs, in order to allow for TAs to be a subset of the satellite beam coverage area.
Solution 2 and solution 3 are all assumed the geography fixed Tracking area, this is also what we assumed in the WID. The difference is how to broadcast TAC in the system information, especially in case the foot print of a cell crosses two or more geography fixed Tracking areas. This issue will be further discussed in the “network identities handling” part, see [3].
To the paging mechanism, we see the solution 2 and solution 3 are almost same, i.e. page a UE in its Registration Area. That means NR-Rel-15 Paging mechanism could also be applied for NTN. 

Observation 2: NR Rel-15 RA based paging mechanism could also be applied for NTN.

Proposal 1: NR Rel-15 RA based paging mechanism could also be applied as the basic paging solution for NTN.
Solution 4: UE location determined by NTN based NG-RAN
When a UE registers initially, or makes registration area updates, or switches to connected mode, the NTN based NG-RAN gets a UE location inform, from serving beam identification for example. A periodic registration area update could be sufficient to track a UE in idle mode, the RA update periodicity being tuned according to UE type or observed mobility behaviour.

Moreover, the RAN could have other means to locate a UE.

Hence, even if the UE is not capable to determine its location on its own, it could be assumed that the RAN has knowledge of UE location. Then paging methods based on UE location knowledge can apply.

Observation 3: Solution 4 assumes NG-RAN could locate the UE, and page the UE based on the location info it knows. 

To the paging, solution 4 is quite similar with the option 1: UE with GNSS capability. Both solutions lavage the UE location info for paging, the difference is how the NG-RAN gets the UE location info, i.e. via UE report or via other means, e.g. NG-RAN acts as an LCS client and gets the UE location info from the server.

UE with GNSS capabilities are assumed in the WID [1], as below:
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Compared to the terrestrial network, the coverage of a cell, TA and RA in NTN network are much bigger. Paging a UE in its RA is not an economic solution. Therefore, the UE location based paging should be further considered as a kind of optimization.
Proposal 2: Location based paging should be supported in NTN Rel-17.

Let’s assumes the NG-RAN could get the UE location info (GNSS), implementation based solution or signalling based solution should be first discussed in RAN2 LCS part. Anyway, if the network could get the UE location info, it could use the location info to do an equivalent mapping and determine the list of gNBs or cells to page the UE. 
Observation 4: How NG-RAN could get the UE location info should be discussed in RAN2 firstly.
During NTN SI phase, two kind of mapping are mentioned:
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Due to the mobility of the satellites, NG-RAN node is not 1:1 mapped to a geography area. Then it’s hard for AMF correctly map the NG-RAN node(s) to be paged with the UE location info. The easier way is AMF just page the UE in the RA as legacy, just includes the UE location info in PAGING message and sends it to associated NG-RAN nodes.
Proposal 3: It’s NG-RAN to determine whether to page the UE, or page the UE in which cell(s) according to the UE location info.
From the specification perspective, it is the same mechanism as the “Paging optimization” method we have introduced for LTE and NR. NG-RAN node includes the UE location info as the assistance info in UE CONTEXT RELEASE COMPLETE message, and then the AMF stores the corresponding info in the UE Context. When Paging is triggered by the AMF, the corresponding assistance info (UE location info) is included in the PAGING message. Then the NG-RAN nodes which receive the PAGING message should decide whether to page the UE, and if so, in which cell(s) to page the UE. The whole procedure could be illustrated with the figure below:
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Figure 1. UE location based paging in NTN
Step 0. 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 UU interface reporting, via LCS client, etc.
Step 1. The AMF send UE CONTEXT RELEASE COMMAND to the NG-RAN node to release the UE.
Step 2. The NG-RAN node send RRCRelease message to UE, send UE to idle mode.
Step 3. The NG-RAN node sends UE CONTEXT RELEASE COMPLETE message to the AMF, including the UE location info.
Step 4. The AMF stores the UE location info.
Step 5. The 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.
Step 6. 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.
Step 7. Associated NG-RAN node sends the PAGING message to the UE.
Proposal 4: Discuss and agree the UE location based paging for NTN as above.
3   Proposal
In this contribution, we further discussed the registration update and paging handling base on the outcome of the SI and provide corresponding observations and proposals:
Observation 1: As geography fixed Tracking Area is assumed in the WID, the solution 1 is not applied.
Observation 2: NR Rel-15 RA based paging mechanism could also be applied for NTN.

Observation 3: Solution 4 assumes NG-RAN could locate the UE, and page the UE based on the location info it knows. 

Observation 4: How NG-RAN could get the UE location info should be discussed in RAN2 firstly.
Proposal 1: NR Rel-15 RA based paging mechanism could also be applied as the basic paging solution for NTN.

Proposal 2: Location based paging should be supported in NTN Rel-17.

Proposal 3: It’s NG-RAN to determine whether to page the UE, or page the UE in which cell(s) according to the UE location info.

Proposal 4: Discuss and agree the UE location based paging for NTN as above.
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The work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:


FDD is assumed for core specification work for NR-NTN.


NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG


Earth fixed Tracking area is assumed with Earth fixed and moving cells


UEs with GNSS capabilities are assumed.








In terrestrial network, the AMF is in charge of mapping a tracking area where the UE is located to determine the list of gNBs that pages the UE. In NTN, one can use the UE location to do an equivalent mapping and determine the list of gNBs that page the UE.


The mapping could be made in the AMF. For this, the AMF is made aware of UE location, along with some assistance information, e.g. UE type or UE speed information. AMF has also to be aware of satellite ephemeris.


Alternatively, this mapping could be made in the RAN. When a UE has to be paged, the AMF determines the RAN access node(s) where to send the paging message from the TAI as usual. The NTN based NG- RAN can then select the satellite beams where to broadcast the paging from its knowledge of UE last location and satellites ephemeris. However this raises several issues as paging failure coordination between RAN and CN and Idle UE context management in RAN, and would require further studies.
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