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1
Introduction
RAN agreed the SI “Study on solutions evaluation for NR to support Non Terrestrial Network” ([1]). This contribution analyses the potentional issues on Registration Update, and Paging for non-GEO Non-Terrestrial Network. 
2
Discussion

2.1
Current NR Registration Update and Paging 

In traditional cellular network (e.g. LTE or current NR), each cell broadcast a Tracking Area Code, which is associated with a specific Tracking Area. A Registration Area includes one or more Tracking Areas. When a UE registers with the network over the 3GPP access, the AMF allocates a set of tracking areas in TAI List to the UE. When an IDLE UE moves within the Registration Area, the UE does not need to inform the AMF about its current location. The network is aware of the UE location to the granularity of RA. When there is a downlink signalling/data for the UE, the AMF page the UE on all cells belonging to the Registration Area. 
TS 23.501 and TS 24.501 defines the conditions for when the UE need to perform the Registration Update:
 a) when the UE detects entering a tracking area that is not in the list of tracking areas that the UE previously 

registered in the AMF;

b) when the periodic registration updating timer T3512 expires;

c) when requested by the CONFIGURATION UPDATE COMMAND message;

…

Observation: current terrestrial network already well defined the Registration Update and Paging. 
2.2
Non-Terrestrial Network
In Non-Terrestrial non-GEO Network, the cell/satellites moves across the geographical area of interest, its antenna beams will cover different portions of that area. In a satellite-fixed NTN, a stationary UE will see different cell/TAC over the time. With current Registartion Update procedure, the stationary UE has to keep performing Registration Update upon the change of beam/satellite. This brings a challenge to current Registration Update and Paging. 
There are some options are proposed. A Geo-location based Registration update and paging is discussed in ([3]). The call flow is copied as below:
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Figure 3. Simplified Call Flow for Paging and Registration in LEO/MEO Satellite System in CM-IDLE State (based on [1])

This solution is based on the assumption that the network has information as to which beam of which satellite covers that location best.  The network also knows the duration that UE location would remain to be covered by the beam and which beam on the same satellite, or a different satellite will be the best candidate to switch over next, and at what time. 
This solution introduces a new Registration Update trigger. During the Registration procedure, the AMF provides a threshold distance, say Tdist km, instead of a Registration Area, to the UE. The UE only performs Registraion Update if it has moved by Tdist km from previously reported position. When there is a need to Page the UE, the network determines the appropriate beam/satellite based on the UE’s Geo-location. 
This method can be further improved by the following enhancements:
· The network sends the TA area or a subarea definition, expressed by a set of coordinates to the UE.

· The UE will then use crossing the border of this defined area, as a trigger to send a location report to the satellite.

This way signaling through location updates can minimized.
Considering the fact that the network knows which beam/satellite covers a specific geo-location, it is possible to reuse current Registartion Update trigger, e.g. check the cell’s TAC vs. the Registration Area information. The change is the Tracking Area is associated with the timing information for how long it is valid related to a geo-location. For example, a geo-location will be served by beam1 with TAC#1 during 10:01 – 10:10, beam2 with TAC#2 during 10:11 – 10:20, etc. an example call flow is shown as below:
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Figure 1: UE Registration procedure (example)

· Step 1: at 10:05, UE initiates Registration procedure. The REGISTRATION REQUEST message is sent to AMF. Just like normal initial access, the CU provides the TAC#1 to AMF with current NGAP procedure. 

· Step 2: AMF replies with REGISTRATION ACCEPT message. The AMF determines the UE’s location will be covered by TAC#1 during 10:01-10:10, TAC#2 during 10:11-10:20, etc. The determination is based on 

· the ephemeris information of the satellites, i.e. the information as to which beam/satellite covers a specific location.

· The location of the UE, which can be geo-location of the UE, or 3GPP access User Location Information, i.e. the TAC and cell ID of UE’s current or last 3GPP access. The UE may include its location information in the NAS REGISTRATION REQUEST message, or other NAS message. 

The determination may be performed by querying a database. 

The REGISTRATION ACCEPT message includes enhanced Registration Area information, consisting of 

· List of TAIs with timing information (in this example, AMF would like UE to initiate a Registration Update 10-min later)

+ TAC#1 with (10:05 – 10:10)

+ TAC#2 with (10:11 – 10:15)

Later, UE enters RRC_IDLE. 

Case 0: UE did not move during 10:05 – 10:11

· At 10:11, satellite 1 moved out of the UE’s area. The UE’s area is now covered by satellite 2 with TAC#2. The UE detected the TAC of the serving cell is changed to TAC#2. UE checks the TAC#2 against the enhanced Registration Area received in Step 2. TAC#2 is in the Registration Area assigned by the AMF in the REGISTRATION ACCEPT message (Step 2), and the timing information match (i.e. TAC#2 only for 10:11-10:15), this means the UE is still in the Registration Area, thus no need to perform Registration Update. 

NOTE: This reuse the current Registration Update trigger. 

Case 1: at 10:12, the UE is Paged. 

· Step 3: at 10:12, a DL data is received for the UE. AMF determines the target tracking area based on the UE’s last location (i.e. TAC#1 at 10:05), and the Tracking area information for this area (i.e. TAC#1 during 10:01-10:10, and TAC#2 during 10:11-10:20). In this example, AMF know the UE’s last location will be served by beam2 with TAC#2 during 10:11-10:20. AMF send the Paging message with TAC#2 to the CU. 

Normal Service Request procedure is performed. 
Case 2: at 10:13, the UE move out of the Registration Area

· Step 4: at 10:13, the UE detects current beam broadcasting TAC#1. Even TAC#1 is in the Registration Area assigned by the AMF in the REGISTRATION ACCEPT message (Step 2), but the timing information does not match (i.e. TAC#1 only for 10:01-10:10, but not for 10:13), this means the UE is moving out of current Registration Area. So the UE initiates a Registration Update procedure. 

There may be other possibilities for the network to know the satellite information. For example, the satellite may provide its information during F1 Setup procedure (in case CU is on ground), or during NG Setup procedure (in case gNB is on satellite). This can be further discussed. 
Advantage for this option is:

· Reuse current Registration Update trigger, i.e. TS23.501, “perform Mobility Registration Update procedure if the current TAI of the serving cell (see TS 37.340 [31]) is not in the list of TAIs that the UE has received from the network;”

· Reuse current TAC broadcast mechanism, i.e. cell always broadcast same TAC.

· Less changes to RAN and CN.

Proposal 1: RAN3 consider the above Registration Update and Paging options, and capture them in the TR.
3
Conclusions
In this contribution we have analysed the potential issues for Non Terrestrial Network. Our observations and proposals are: 

Proposal 1: RAN3 consider the above Registration Update and Paging options, and capture them in the TR.
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8.x. Registration Update Paging Handling

In Non-Terrestrial non-GEO Network, the cell/satellites moves across the geographical area of interest, its antenna beams will cover different portions of that area. In a satellite-fixed NTN, a stationary UE will see different cell/TAC over the time. With current Registartion Update procedure, the stationary UE has to keep performing Registration Update upon the change of beam/satellite. This brings a challenge to current Registration Update and Paging. 

There are some options are proposed. A Geo-location based Registration update and paging is discussed in ([3]). The call flow is copied as below:
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Figure 3. Simplified Call Flow for Paging and Registration in LEO/MEO Satellite System in CM-IDLE State (based on [1])

This solution is based on the assumption that the network has information as to which beam of which satellite covers that location best.  The network also knows the duration that UE location would remain to be covered by the beam and which beam on the same satellite, or a different satellite will be the best candidate to switch over next, and at what time. 
This solution introduces a new Registration Update trigger. During the Registration procedure, the AMF provides a threshold distance, say Tdist km, instead of a Registration Area, to the UE. The UE only performs Registraion Update if it has moved by Tdist km from previously reported position. When there is a need to Page the UE, the network determines the appropriate beam/satellite based on the UE’s Geo-location. 

This method can be further improved by the following enhancements:
· The network sends the TA area or a subarea definition, expressed by a set of coordinates to the UE.

· The UE will then use crossing the border of this defined area, as a trigger to send a location report to the satellite.

This way signaling through location updates can minimized.

Considering the fact that the network knows which beam/satellite covers a specific geo-location, it is possible to reuse current Registartion Update trigger, e.g. check the cell’s TAC vs. the Registration Area information. The change is the Tracking Area is associated with the timing information for how long it is valid related to a geo-location. For example, a geo-location will be served by beam1 with TAC#1 during 10:01 – 10:10, beam2 with TAC#2 during 10:11 – 10:20, etc. an example call flow is shown as below:
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Figure 1: UE Registration procedure (example)

· Step 1: at 10:05, UE initiates Registration procedure. The REGISTRATION REQUEST message is sent to AMF. Just like normal initial access, the CU provides the TAC#1 to AMF with current NGAP procedure. 

· Step 2: AMF replies with REGISTRATION ACCEPT message. The AMF determines the UE’s location will be covered by TAC#1 during 10:01-10:10, TAC#2 during 10:11-10:20, etc. The determination is based on 

· the ephemeris information of the satellites, i.e. the information as to which beam/satellite covers a specific location.

· The location of the UE, which can be geo-location of the UE, or 3GPP access User Location Information, i.e. the TAC and cell ID of UE’s current or last 3GPP access. The UE may include its location information in the NAS REGISTRATION REQUEST message, or other NAS message. 

The determination may be performed by querying a database. 

The REGISTRATION ACCEPT message includes enhanced Registration Area information, consisting of 

· List of TAIs with timing information (in this example, AMF would like UE to initiate a Registration Update 10-min later)

+ TAC#1 with (10:05 – 10:10)

+ TAC#2 with (10:11 – 10:15)

Later, UE enters RRC_IDLE. 

Case 0: UE did not move during 10:05 – 10:11

· At 10:11, satellite 1 moved out of the UE’s area. The UE’s area is now covered by satellite 2 with TAC#2. The UE detected the TAC of the serving cell is changed to TAC#2. UE checks the TAC#2 against the enhanced Registration Area received in Step 2. TAC#2 is in the Registration Area assigned by the AMF in the REGISTRATION ACCEPT message (Step 2), and the timing information match (i.e. TAC#2 only for 10:11-10:15), this means the UE is still in the Registration Area, thus no need to perform Registration Update. 

NOTE: This reuse the current Registration Update trigger. 

Case 1: at 10:12, the UE is Paged. 

· Step 3: at 10:12, a DL data is received for the UE. AMF determines the target tracking area based on the UE’s last location (i.e. TAC#1 at 10:05), and the Tracking area information for this area (i.e. TAC#1 during 10:01-10:10, and TAC#2 during 10:11-10:20). In this example, AMF know the UE’s last location will be served by beam2 with TAC#2 during 10:11-10:20. AMF send the Paging message with TAC#2 to the CU. 

Normal Service Request procedure is performed. 
Case 2: at 10:13, the UE move out of the Registration Area

· Step 4: at 10:13, the UE detects current beam broadcasting TAC#1. Even TAC#1 is in the Registration Area assigned by the AMF in the REGISTRATION ACCEPT message (Step 2), but the timing information does not match (i.e. TAC#1 only for 10:01-10:10, but not for 10:13), this means the UE is moving out of current Registration Area. So the UE initiates a Registration Update procedure. 

There may be other possibilities for the network to know the satellite information. For example, the satellite may provide its information during F1 Setup procedure (in case CU is on ground), or during NG Setup procedure (in case gNB is on satellite). This can be further discussed. 
Advantage for this option is:

· Reuse current Registration Update trigger, i.e. TS23.501, “perform Mobility Registration Update procedure if the current TAI of the serving cell (see TS 37.340 [31]) is not in the list of TAIs that the UE has received from the network;”

· Reuse current TAC broadcast mechanism, i.e. cell always broadcast same TAC.

· Less changes to RAN and CN.
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