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Introduction
In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed [2]. It is a continuation of the preceding SI “NR to support Non-Terrestrial Networks” (RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The results are summarized in [1]. The new study item has the objective at evaluating potential solutions addressing the minimum necessary identified key impact areas from the previous activity and to study impact on RAN protocols/architecture. The SID is updated in [4] and has the objectives for layer 2 and above are:
	· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· Dual connectivity [RAN3 aspects] involving
· NTN-based NG-RAN (Transparent GEO or LEO satellites) and terrestrial based NG-RAN access: Xn terminated on the ground
· or two NTN-based NG-RAN access (between Regenerative LEO satellites): Xn over ISL
· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells
· 



In RAN2#103bis, it is agreed to study the following UP and CP aspects:
UP Impacts to study 
1. DRX
2. HARQ 
3. Random access response 
4. RLC/PDCP reordering (e.g. timers and SN space)
5. SDAP => no impact
Impacts to study for CP
1. Mobility 
2. TA management and update 


In RAN2#104, the following is agreed for tracking area and paging topic:



Agreements:
1. RAN2 to study solutions for two different type of UE categories 1) with GNSS support, 2) without GNSS support
2. For GEO, the current tracking area management is assumed as a baseline
3. For LEO with moving beams study fixed and moving tracking area solutions 


In RAN2#104bis, basic description on Earth moving and Earth fixed tracking area was adopted in TR 38.821. Further, it was agreed:

=>	From RAN2 perspective fixed TA should be assumed moving forward.  


In this paper, we discuss further details on Earth fixed tracking area.
Background
The tracking area (TA) can be assumed to be fixed on earth or to move with the cells as both were agreed to be considered in the SI. If TA is assumed fixed on earth, there need to be network side updates for the identities either very close to satellite gateway or at further nodes. TA can also be assumed to be moving with the satellites in which case the UE needs to update TAI frequently. 
In case of earth moving beams, the NR DL reference signals SSBs that are transmitted via the satellite(s) will sweep the earth. Overall description of the SSB is specified in TS 38.300 in 5.2.4. where the most interesting parts are those related to cell identity. The physical reference signal consists of primary and secondary synchronization signals (PSS, SSS) and together form the PCI which is the physical cell identity. Other network identities are as listed in the same specification in Section 8.2:
-	NR Cell Global Identifier (NCGI): used to identify NR cells globally. The NCGI is constructed from the PLMN identity the cell belongs to and the NR Cell Identity (NCI) of the cell.
-	gNB Identifier (gNB ID): used to identify gNBs within a PLMN. The gNB ID is contained within the NCI of its cells.
-	Global gNB ID: used to identify gNBs globally. The Global gNB ID is constructed from the PLMN identity the gNB belongs to and the gNB ID. The MCC and MNC are the same as included in the NCGI.
Further, the SSB has the following specified link to the NCGI which is constructed from the PLMN identity the cell belongs to and the NR cell identity NCI. That is, when an SSB is associated with an RMSI, the SSB corresponds to an individual cell, which has a unique NCGI. Such an SSB is referred to as a Cell-Defining SSB (CD-SSB). The RMSI is essentially SIB1 which includes tracking area code, PLMN ID and cell ID. The SIB1 is transmitted on the DL-SCH with a periodicity of 160 ms. SIB1 is always cell specific whereas other SIBs may be SI area specific that can include more than one cells. 
All system information is stored with associated PLMNIdentity and cellIdentity and valueTag. UE may use valid stored SI except MIB and SIB1. If UE receives SI modification indication UE needs to reacquire SIB1.
PCI is used in all RRM measurement reports and for HOs thus in all connected mode mobility related RRC towards the UE.

Earth fixed tracking area 
We assume that both cellID and PCI to travel along with the satellite. The TAC, or a list of TACs, broadcasted by the gNB needs to be updated as the gNB enters to the area of next TA. It should be noted that at the border line of TA areas, there will be some fluctuation on which TA is covering which specific geographical area if the TAC switching is hard, that is new TAC replaces the old TAC at a predefined time. This is due to constant speed of the cells and assuming one TAC broadcasted by a cell. 
[bookmark: _Toc4713514][bookmark: _Toc7281659]Assuming one TAC broadcasted by NR cell, at the border of two Earth fixed tracking areas, new TAC replaces the old TAC at a predefined time causing fluctuation to the Earth fixed tracking areas.
In order to diminish the fluctuation, a soft TA switching may be performed. This means while transiting, the cell adds the new TAC in its system information in addition to the old and removes the old a bit later. If there is a chain of TAs, the TA list adds one TA more and removes one old while the cell sweeps the ground. This also reduces the amount of TAUs for UEs that happen to be located at the border area.
[bookmark: _Toc4713515][bookmark: _Toc7281660]Soft TAC switching diminishes the fluctuation of Earth fixed tracking area as well as reduces the amount of TAUs for UEs that happen to be located at the border area.


We propose to capture in TR a possible solution to diminish the fluctuation of Earth fixed tracking area as well as reduces the amount of TAUs for UEs that happen to be located at the border area. Thus we propose:

[bookmark: _Toc4713520][bookmark: _Toc7281662]RAN2 to agree the TP in the appendix to be captured in TR.


Conclusion
We made the following observations:
Observation 1	Assuming one TAC broadcasted by NR cell, at the border of two Earth fixed tracking areas, new TAC replaces the old TAC at a predefined time causing fluctuation to the Earth fixed tracking areas.
Observation 2	Soft TAC switching diminishes the fluctuation of Earth fixed tracking area as well as reduces the amount of TAUs for UEs that happen to be located at the border area.

We propose the following:
Proposal 1	RAN2 to agree the TP in the appendix to be captured in TR.
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Appendix
---------------------------start of TP-----------------------

7.3.1.3 Fixed Tracking Area for NTN LEO, Scenario C2 and D2 [17]
7.3.1.3.1 Approach 1: For the case when UE location information is unavailable
In order not to have TAU performed frequently by the UE triggered by the satellite motion, the tracking area may be designed to be fixed on ground. For NTN LEO, this implies that while the cells sweep on the ground, the tracking area code (i.e. TAC) broadcasted is changed when the cell arrives to the area of next planned earth fixed tracking area location.
The TAC, or a list of TACs, broadcasted by the gNB needs to be updated as the gNB enters to the area of next planned tracking area. When the UE detects entering a tracking area that is not in the list of tracking areas that the UE previously registered in the network, a mobility registration update procedure will be triggered. 


Figure 7.3.1.3.1-1. An example of updating TAC and PLMN ID in real-time for scenario C2 and D2

As shown in Figure 7.3.1.3.1-1, network update the broadcast TAC in real time according to the ephemeris and confirm the broadcast TAC is associated with the geographical area covered by the satellite beam. UE listens to 
TAI = PLMN ID + TAC and determines to trigger registration area update procedure based on the broadcast TAC and PLMN ID when it moves out of the registration area.
This approach allows to use Rel-15 NR network procedures and can be applied to UE with or without location information.
At the border line of TA areas, there will be some fluctuation on which TA is covering which specific geographical area if the TAC switching is hard, that is new TAC replaces the old TAC at a predefined time. This is due to constant speed of the cells and assuming one TAC broadcasted by a cell.
In order to diminish the fluctuation, a soft TA switching may be performed. This means while transiting, the cell adds the new TAC in its system information in addition to the old and removes the old a bit later. If there is a chain of TAs, the TA list adds one TA more and removes one old while the cell sweeps the ground. This also reduces the amount of TAUs for UEs that happen to be located at the border area.


Editor’s note: FFS enhancements on UE assistance information in tracking area management in Approach 1.

7.3.1.3.2 Approach 2: For the case when UE location information is available
Editor’s note: FFS if UE location information (either obtained via GNSS or non-GNSS) is utilized in tracking area management and what is the solution in that case

Editor’s note: From RAN2 perspective fixed TA should be assumed moving forward.  


--------------------------end of TP-----------------------------



	1/6	
image1.emf
Satellite #1

10:00:00

f

o

o

r

p

r

i

n

t

Satellite #1 10:15:00

Satellite #1

10:30:00

PLMN ID #1

TAC #2

PLMN ID #1

TAC #1

PLMN ID #1

TAC #3

geographical area #2

g

e

o

g

r

a

p

h

i

c

a

l

 

a

r

e

a

 

#

1 g

e

o

g

r

a

p

h

i

c

a

l

 

a

r

e

a

 

#

3


oleObject1.bin
�

文本框及其关联的大括号的高度将随文本的增减而增减。拖动侧边手柄之一可更改注释的宽度。�

�


