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1 Introduction
Tracking area management was discussed in RAN3#101bis with some agreements as following:

The objective is to track the UE, in order to minimize the use of radio resources for paging.

· For scenarios A, B, C1 and D1, the NTN cells are fixed on the ground. Hence a tracking area may correspond to one or several NTN cells. The 3GPP-defined tracking area management and paging procedures can apply as is.

· For scenarios C2 and D2, the NTN cells move on the ground as the satellites move on their orbital planes. This requires some adaptations to the TA management and paging procedure.

Note: For scenarios C1, the TA list and paging messages could be sent by the same gNB to the NTN cell via all satellites covering this NTN cell.

Note: For scenarios D1, the TA list and paging messages could be sent by the gNB on board all satellites covering this NTN cell.

Hence we shall focus the study on scenario C2 and D2 for the idle/inactive mode mobility.

The main idea is to decouple the TA management from the NTN cell pattern. In that case, registration and tracking areas are arbitrary geographical areas defined by the operator. (FFS)

It is assumed that not all UEs are capable of positioning.
One of the solutions: “Solution1:Timing window based Registration update and paging” has been captured in 8.3.2.1, which is in option2: UE is not capable to determine its location.
In this document, some potential problems with solution1 will be disclosed and a new solution for option2: UE is not capable to determine its location, will also be addressed and proposed.
2 Potential problems in solution1
In section 8.3.2.1 of [6], the solution1: Timing window based Registration update and paging is captured in Option2: UE is not capable to determine its location.
But in step2 of solution1, the following are stated:

The determination is based on 

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

· The location of the UE, in terms of TAC/NTN beam 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.
Observation1: Solution1 also needs UE location information; it should not be included in Option2: UE is not capable to determine its location.

Proposal1: Solution1 should be captured in Option1 section but not in Option2 section.
In solution1, one of the approaches to acquire UE location information is based on TAC/NTN beam ID of UE’s current or last 3GPP access, and it will be used to determine a TA evolution list where the Tracking Area is associated with the timing information for how long it is valid related to a geo-area. 
Actually, due to the large coverage of a satellite beam, the following simulation demonstrates that it is difficult to determine an effective TA evolution list only by the coarse location information based on NTN beam ID.
The simulation parameters are shown in Table 2.1;
The LEO constellation in a snap shot is shown in Fig.2.1;
The NTN beam coverage in a selected area is shown in Fig2.2: Left bottom point: [20°W, 20°S], Right top point [20°E, 20°N], where the NTN serving beam for each point on the earth is determined by the strongest Rx signal according to NTN path loss model[1] in LOS state.
Table 2.1 parameters of a LEO constellation
	Parameter
	Unit
	Configuration

	Orbit Type
	 - 
	Quasi-pole, circle

	Orbit inclination
	degree
	86.4

	Number of Orbits
	 - 
	16

	Number of Satellite in each Orbit
	 - 
	36

	Sum of Satellites
	 - 
	576

	Altitude of satellite
	km
	1255.3

	Phase difference between neighboring satellites in neighboring orbits
	degree
	3.9477

	Number of Beam in a satellite
	 - 
	16

	HBPW of satellite beam
	degree
	10
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Figure 2.1 LEO constellation in one snap shot
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Figure 2.2 NTN Beam coverage in a Selected Area in one snap shot
Select the Point A, B, C, D and E with the same initial NTN beam ID as shown in Fig.2.2: 

A: [0°E, 0°N]
B:[1°W, 0°N]

C:[0°E, 1°N]

D:[1°E, 0°N]

E:[0°E, 1°S]
[image: image3.png]Best Beam D

1200

1000

800

600

400

200

100

200

300

400

500
Time(sec)

600

700

800

900

1000




Figure 2.3  Best NTN Beam ID Evolution over time at Point A/B/C/D/E
According to the simulation result as shown in Fig.2.3, Point A/B/C/D/E with the same initial NTN Beam ID will experience completely different Best NTN Beam ID evolution over time, and so does  different TA evolution when each NTN beam is associated with a TA.
Observation2: UE location information based on latest valid TAC/NTN beam ID is too coarse to be used in Solution1 to determine Tracking Area associated with the timing information.

Proposal2: UE location information based on latest valid TAC/NTN beam ID should be precluded in solution1, if more efficient NTN paging is pursued.
3 Solution for Option2: UE is not capable to determine its location
If UE is not capable to determine its location due to lack of location capability or scenario limited, e.g. in a valley around by high mountain/buildings, TA info shall be broadcast in NTN cell system information to facilitate TA management and paging procedure.
Proposal3: TA info shall be always broadcast in NTN cell system information.
The TA observed by UE in a NTN physical cell is associated with cell selection and reselection procedure as in [3].
Due to high speed movement of satellites, the fixed TA planning on earth is needed for NTN to avoid frequent TA update as well as limit the paging load.
3.1 Determine the TA broadcast in system information in a NTN cell
A NTN cell is composed by a single NTN beam or multi-beams in a satellite. The following description assumes that a single NTN beam corresponds to a NTN cell and the result is also applicable to the NTN cells composed by multi-beams.
A fixed TA planning on earth surface is needed to guide the TA configuration of a NTN cell, e.g. an example of TA planning is shown in Fig.3.1, where different color represents different planned TA code.
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Figure 3.1 Fixed TA Planning area on earth
An shown in Fig.3.2 below, a satellite transmits 16 NTN beams with HPBW=10°, the black dot line represents the foot print of the beam on the earth, the red line represents the central line of the beam bore sight.
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Figure 3.2  A satellite with multi-beams and corresponding footprint

The beam intersection point as shown in Fig.3.2 between the central line of the beam bore sight and the earth surface can be used to determine the TA broadcast in each NTN cell, the details is as following:
Step1. Configure the fixed TA planning area for guiding the TA configuration in all NTN cells;
Step2. Determine the broadcast TA code according to which TA planning area the beam intersection point currently locates;

Step3. If the beam intersection points moves to another TA area  according to the fixed TA planning and ephemeris, the new TA code shall be broadcast in system information in NTN cell;

The physical TA coverage area is not always kept in a static shape due to the satellite movement as shown in Fig.3.3 below, where satellite constellation parameters is shown in Table 2.1 and fixed TA planning is shown in Fig.3.1.
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Figure 3.3  Physical TA coverage area evolution over time
3.2  Determine the TA list assisted by UE measurement and observation
When UE is in idle mode or RRC inactive state, the same procedure of cell selection and reselection in [3] can be reused, and the TA in best cell is always observed by UE.

In order to reduce the TA update signalling load due to physical TA coverage area shape changing, a TA list can be constructed by UE, reported to and confirmed by AMF based on the time series analysis of the TAs observed in best cell with respect to time by UE. Since the TA planning area is fixed, the TA list constructed by UE is limited as well, which benefits and reflects the real scenario, e.g. blockage, rain loss, non-ideal antenna pattern etc. If the TA list concluded by UE is the same as the TA list configured by AMF, TA update procedure will not be triggered.
The time series analysis of the series of TAs observed in best cell with respect to time by UE is FFS, which shall consider the TA addition and TA deletion for TA list update to facilitate both earth stationary UE and moving UE.
The following steps can be considered for idle mode UE:
Step4. Initial TA list is configured and sent to UE by AMF through registration procedure;
Step5. UE measures and records the series of TA of the best cell with respect to time;

Step6. UE determines TA list based on time series analysis of the series of TAs with respect to time, the method of time series analysis is FFS;

Step7. If the TA list concluded by UE is different from the TA list configured by AMF, UE shall report the TA list to AMF through TA update procedure;
Step8. When AMF receives TA list from UE, AMF may confirm the TA list and sends to UE through registration procedure.
Step9. When UE is paged, AMF/NG-RAN node sends the paging message in all NTN cells/beams with the TA in the TA list.
A simple method of time series analysis is used in the following simulation: 
· An expired timer is used to determine the TA surviving time in the TA list,;

· When a new TA enters the TA list, a time stamp will be recorded for this TA,;

· If the time of this TA staying in the TA list is longer than the expired timer, but this TA is not observed by UE once again, this TA shall be excluded from the TA list. Such accidental TA is not worth maintained in TA list any more, e.g. when UE flies with high speed.
· If the same TA is observed before timer expired, a refreshed time stamp of this TA will replace the old one. Such periodical TA is worth maintained longer in TA list.
As shown in Fig.3.1, Points A/B/C are selected for simulation, respectively:

Point A: [0°E, 0°N];


Point B:[2.5°E, 2.5°N];


Point C:[2.5°E, 0°N]

The simulation parameters are shown in Table 2.1; The LEO constellation in a snap shot is shown in Fig.2.1; Expired Timer = 200sec. 
The simulation result is shown in the following Fig.3.4:
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Figure 3.4 Valid TA List in different geographical location

According to the simulation result, Point A needs 220seconds to reach a stable TA list with 4 Registration message being sent to AMF; Point B needs zero seconds to reach a stable TA list with 1 Registration message being sent to AMF; Point C needs 20 seconds to reach a stable TA list with 2 Registration message being sent to AMF.
Observation3: Advantages of the proposed new solution:
1. TA list for each UE is based on UE measurement which reflects the non-idea channel condition, i.e. blockage;

2. Frequent TA update message sending is avoided;

3. Paging area is in a limited area especially for those UEs in the boundary among/between beams;
4. Most of the current procedures can be reused with very small impact;

5. Facilitate the efficient paging of UEs without location information.

Proposal4: Capture the proposed solution in the Technical Report.
4 Conclusion
In this contribution, some potential problems with solution1 are disclosed and a new solution for option2 is proposed with the following observations and proposals:
Observation1: Solution1 also needs UE location information; it should not be included in Option2 section: UE is not capable to determine its location.

Observation2: UE location information based on TAC/NTN beam ID is too coarse to be used in Solution1 to determine Tracking Area associated with the timing information.
Observation3: Advantages of the proposed new solution:

1. TA list for each UE is based on UE measurement which reflects the non-idea channel condition, i.e. blockage;

2. Frequent TA update message sending is avoided;

3. Paging area is in a limited area especially for those UEs in the boundary among/between beams;

4. Most of the current procedures can be reused with very small impact;

5. Facilitate the efficient paging of UEs without location information.

Proposal1: Solution1 should be captured in Option1 section but not in Option2 section.
Proposal2: UE location information based on latest valid TAC/NTN beam ID should be precluded in solution1, if more efficient NTN paging is pursued.
Proposal3: TA info shall be always broadcast in NTN cell system information.
Proposal4: Capture the proposed solution in the Technical Report.
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8.3
Registration Update Paging Handling
--- unchanged parts are omitted ---
START OF CHANGES
In Non-Terrestrial non-GEO Network, the satellites moves across the geographical area of interest, its antenna beams will cover different portions of that area. In a NTN beam foot print moving on earth, there is a fixed association between the non-GEO NTN beam and TAI, as in the terrestrial RAN, there is no one-to-one correspondence between moving NTN beams and geo-area on Earth, i.e., the TAIs broadcasted by the Non-GEO satellite will sweep over Earth. A stationary UE will see different NTN beams/TAC over the time. With current Registration Update procedure, the stationary UE has to keep performing Registration Updates upon the change of NTN beam. This brings a challenge to current Registration Update and Paging. In the following, we study possible solutions based on whether the UE can determine its location or not.

8.3.1
Option 1: UE is capable to determine its location
In the following it is assumed that the UE has the capability to determine its location (e.g. by GNSS). In this case the satellite can page the UE based on UE’s location information.
8.3.2.1
Solution 1-1: Timing window based Registration update and paging

The satellite can page the UE based on RA.

The following is one possible solution (details are FFS).
In this option, the Tracking Area is associated with the timing information for how long it is valid related to a geo-area. For example, 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. an example call flow is shown as below:


[image: image10.emf]DU2 gNB-CU

DU1

10:05

UE

1. Registration Request

DL Data Ind

Initial UE Message (TAC)

AMF

2. Registration Accept (Registration 

Area with timestamp)

10:12

3. PAGING (TAC with timestamp)

3. PAGING (TAC with timestamp)

PAGING

UE is IDLE

Case 1: UE is Paged at 10:12

10:12

Case 2: UE move out of Registration area at 10:13

4. Registration Request

10:11

Case 0: UE did not move, or stationary UE

UE detects 

change of TAC


Figure X: 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 NTN beam covers a specific location.

· 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 a list of TAIs with timing information (in this example, AMF would like the 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, NTN beam#1 moved out of the UE’s area. The UE’s area is now covered by NTN beam#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 (see Figure X). 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 reuses the current Registration Update trigger. 

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

· Step 3 (see Figure X): 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 knows the UE’s last location and will be served by NTN beam#2 with TAC#2 during 10:11-10:20. AMF sends the Paging message with TAC#2 to the NG-RAN. 

Normal Service Request procedure is performed. 

Case 2: at 10:13, the UE move out of the Registration Area

· Step 4 (see Figure X): at 10:13, the UE detects current NTN 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. 

Advantage for this option is:

· Reuse current Registration Update trigger, i.e. TS23.501, “perform Mobility Registration Update procedure if the current TAIs 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. NTN beam always broadcasts the same TAC.

· Less changes to RAN and CN.
8.3.2
Option 2: UE is not capable to determine its location
In the following, it is assumed that the UE has no capability to determine its location.
· 8.3.2.1
Solution 2-1: UE assisted TA list report/registration and paging
The satellite pages the UE based on RA.

The following is one solution.
In this option, the Tracking Area Code is broadcast in system information in NTN cell based on fixed TA planning area:

Step1. Configure the fixed TA planning area for guiding the TA configuration in all NTN cells;

Step2. Determine the broadcast TA code according to which TA planning area the beam intersection point currently locates;

Step3. If the beam intersection points moves to another TA area according to the fixed TA planning and ephemeris, the new TA code shall be broadcast in system information in NTN cell;

Step4. Initial TA list is configured and sent to UE by AMF through registration procedure;

Step5. UE measures and records the series of TA of the best cell with respect to time;

Step6. UE determines TA list based on time series analysis of the series of TAs with respect to time, the method of time series analysis is FFS;

Step7. If the TA list concluded by UE is different from the TA list configured by AMF, UE shall report the TA list to AMF through TA update procedure;

Step8. When AMF receives TA list from UE, AMF may confirm the TA list and sends to UE through registration procedure.
Step9. When UE is paged, AMF/NG-RAN node sends the paging message in all NTN cells/beams with the TA in the TA list.
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END OF CHANGES
--- unchanged parts are omitted ---
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