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Introduction
In current version of §7.3.1 and §8 within in TR 38.821, the methods of tracking area management are analysed considering two different scenarios: the cell is fixed w.r.t. the ground (i.e. A, B, C1 and D1), or the cell is moving w.r.t the ground (i.e. C2 and D2). For the former case the situation is similar to the ones of terrestrial network and similar method can be reused, while for the latter case there is some technical issue.
For the latter scenario, most companies prefer the “fixed TA” solution. However the detail definition of it is unclear. In [1] two sub-options are mentioned, the “soft switch” solution which allows one cell broadcasting multiple TAC simultaneously, and the “hard switch” solution on the other side.
In this contribution, we will provide the exact definition of the two sub-options, and evaluate them from the perspective of paging load.
Discussion
Assumption, Simplification and Clarification
At first we would like to make some assumption, simplification, and clarification in order to facilitate the discussion and calculation.


Figure 1: One-dimensional model.
Assumption 1: Consider only one dimension, e.g. east-west or north-south. This simplification can wipe out many complexity caused by curvature of earth surface, e.g. many satellite orbits crossing each other and cells should be turned on and off repeatedly. For the two options to be analysed here, the two-dimensional real earth surface can be regard as a product of two one-dimensional “abstract” earth surface models.
Assumption 2: The circumference of this one-dimensional earth is .
Assumption 3: The speeds of satellites (and identically, the speeds of cells) are constant and common among all satellites.
Assumption 4: The shapes of cells are strictly the same; its covering length is assumed as .
Assumption 5: Cells are always in operation.
Assumption 6: Every point of the earth is designed to be covered by one and only one cell. This means cells (or more strictly, the designed covering areas of all cells) do not overlap with each other. Practically this can be realised assuming all UE would always select or handover toward the “best” cell.
Assumption 7: UEs are evenly distributed around the earth.
The sub-option of “soft switch” is defined as below:


[bookmark: _Ref16692791]Figure 2: Definition of soft switch.
OAM divides the surface of earth into multiple “Planned TAs”. For each cell and for each “Planned TA”, if and only if the cell overlaps with the “Planned TA”, it should broadcast its TAC.
For convenience of calculation, here we assume that the surface of earth is divided evenly into  TAs. Thus we know the length of each “Planned TA”:
	
	(1)


The solution of “hard switch” is defined as below:


Figure 3: Definition of hard switch.
OAM divides the surface of earth into multiple “Planned TA′s”. For each cell and for each Planned TA′, if and only if the centre of the cell locates with the Planned TA′, it should broadcast its TAC. This will result in that the border of the actual coverage of TAs floats forth and back around the border of “Planned TA′s”, as depicted below:


[bookmark: _Ref16606829]Figure 4: Floating border of TAs in the “hard switch” option.
At first the covering areas of cells are provides in the top of Figure 4. As time elapses the cells gradually move left, pushing the border left as well.
At t1, the centre of Cell 3 touches the border of Planned TA′1, and switches its broadcast TAC toward TAC1. As the result, the border of TA jumps right instantly.
Then the border start to move left again. These cases will occur repeatedly.
For convenience of calculation, here we also assume that the surface of earth is divided evenly into  “Planned TA′s”. Thus we know the length of each TA′:
	
	(2)


From Figure 4, we can find that every point within an area of  can be covered by a cell broadcasting TAC1 for at least one point of time (the reason is that the coverage of TA1 may only “expand” at most  for either side, adding up to an entire ). For convenience we call this area “TA″1”. The cases with other cells are similar. Therefore we have:
	
	(3)


Compared to terrestrial network, moving speed of cells (especially LEO NTN) tends to be very large (~7km/s for LEO), which makes that virtually every UE seems fixed on the ground.


Figure 5: UE’s trails in floating TAs.
NOTE: Neither option demands that any TA should be wider than the cell.
[bookmark: _Ref16694425]RA Configuration Methods
As defined in TS 24.501, the RA (Registration Area) of a UE is assigned by the AMF and encoded as a list of TAIs. When the UE finds itself locating within a cell which broadcast TAI (PLMN ID + TAC) does not belong to its RA, it will trigger a registration procedure in order to get a new RA. For convenience we call such procedure “mobility TAU” here.
Generally speaking, the RA should be adequately configured so that the UE would not trigger any mobility TAU very often. Here in NTN, we can assume that:
The RA of a UE is configured so that it would not trigger any mobility TAU as long as its displacement is no greater than . (The value of  depends on the policy of operator and can be 0 of course.)
The detail algorithm would depend on what information the AMF knows. Here for short we assume two extreme cases:
Case 1: The AMF knows nothing but the “current TAI” reported by the gNB. For the option of “soft switch”, since the gNB does not know where the UE locates either, the gNB would have to report the TAI where the centre locates of the cell which the UE accesses.
Case 2: The AMF is aware of the UE’s position when configuring its RA.
Other cases are all intermediates between these two extreme ones and can be analysed in a similar manner. The calculation result is also likewise, and we would like to omit them here as this essay is already quite long.
Following we will give out RA configuration method for the two cases and two options one by one.
Case 1, soft switch
As assumed above, when the UE registers into the network through a cell, the gNB reports to the AMF with the TAI of the centre of the cell. Considering the length of cells (i.e. coverage of the cell can extend out of the ground-fixed “Planned TA”), the AMF can only deduce that the UE is currently within a section of .
As also assumed above, the RA of a UE must be configured so that it would not trigger any mobility TAU as long as its displacement is no greater than . Therefore, the RA must be configured so that it fully covers a section of , and the centre of this section is identical to the centre of reported TA.


Figure 6: RA configuration in Case 1, soft switch.
Therefore, the length of RA is:
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in which
	
	(5)


and  means the minimum integer no lesser than .
Case 1, hard switch
The analysis of “hard switch” is similar to “soft switch”. The major difference occurs on the last step.


Figure 7: RA configuration in Case 1, hard switch.
For this option, the coverage of an RA is not stable due to the floating of TA’s boundaries. For convenience, we only calculate the number of TA contained in the RA, namely :
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in which
	
	(7)


The additional factor “2” before  comes from the fact that as long as the section of  overlaps with the TA″ which length is , the corresponding TAI shall be included within the RA, or otherwise the UE may find itself outside its RA at some moment.
Case 2, soft switch
As assumed above, for this case the AMF is aware of the accurate position of the UE.
As also assumed above, the RA of a UE must be configured so that it would not trigger any mobility TAU as long as its displacement is no greater than . Therefore, the RA must be configured so that every “Planned TA” that overlaps with a section of  is contained.


Figure 8: RA configuration in Case 2, soft switch.
According to Assumption 7, UEs are evenly distributed around the earth. Therefore, for each TA and for each UE, the probability of such overlap  is:
	
	(8)


As there are  TAs around the earth, the (mathematical) expectation of the number of TAs configured within the RA for a UE is:
	
	(9)


Obviously, all the TAs configured within the RA forms a continuous section. The expectation of length of this section  is:
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Case 2, hard switch
The analysis of “hard switch” is similar to “soft switch”.


Figure 9: RA configuration in Case 2, hard switch.
The major difference occurs on : the RA must be configured so that every TA″ that overlaps with a section of  is contained. Therefore:
	
	(11)


As there are  TA′s around the earth, the (mathematical) expectation of the number of TAs configured within the RA for a UE is:
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Observation 1: Frequent TAU can be prevented by proper registration area configuration for both the “soft switch” option and the “hard switch” option, without any demand on cell overlapping.

Paging Load
Paging load is a major concern on different options of TA management and should be studied carefully. In order to calculate the paging load, we have to make some more assumptions:
Assumption 8: When the network needs to find a UE, all cells that broadcast at least one TAI within the UE’s RA should perform paging.
Assumption 9: The linear distribution density of UE is a constant . This also means that there are  UEs locating within each cell, and the total number of UE  equals to .
Assumption 10: For each UE, the paging arrival frequency is a constant .
Assumption 11: The time interval between the configuration of RA and paging arrival is large enough, so that the location of cells at the two point of time is statically irrelevant with each other.
For the option of “hard switch”, one cell broadcast only one TAC. Since we assume that the UEs are evenly distributed and the paging arrival frequency is a constant, the paging load over each cell should be the same. Therefore we arise one key index: paging arrival frequency on cell .
On the contrary, for the option of “soft switch” the paging load probably varies among different cells. This is caused by the fact that different cell probably broadcasts different numbers of TAC (see Figure 2 for example). The more TAC a cell broadcasts, the more paging load it has. Therefore, we raise two key indices: the paging arrival frequency on cell averaged among all cells , and the maximum paging arrival frequency on cell among all cells .
Assume that at most  different TACs can be broadcast by a cell. It is easily deduced that:
	
	(13)


Following we will calculate these indices for the two cases and two options one by one.
Case 1, soft switch
As already analysed in Section 2.2, for this case and option all UEs are configured with an RA which length is  as provided in Formula (4).
For each UE and a cell randomly selected, whether the cell needs to page the UE depends on whether its RA overlaps with the cell. Hence we can get its probability:
	
	(14)


Therefore:
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For the cell that broadcast  TACs at present, whether the cell needs to page the UE depends on whether its RA overlaps with these  TAs. Hence we can get its probability:
	
	(16)


Therefore:
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Case 1, hard switch
As already analysed in Section 2.2, for this case and option all UEs are configured with an RA which contains  TAIs as provided in Formula (6).
For each UE and a cell randomly selected, whether the cell needs to page the UE depends on whether the cell’s centre locates within the relative TA′s (i.e. currently broadcasting the relative TAC). Hence we can get its probability:
	
	(18)


Therefore:
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Case 2, soft switch
As already analysed in Section 2.2, for this case and option the expectation of length of RA is  as provided in Formula (10).
For a UE and a cell both randomly selected, whether the cell needs to page the UE depends on whether its RA overlaps with the cell. Hence we can get its probability:
	
	(20)


Therefore:
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For the cell that broadcast  TACs at present, whether the cell needs to page the UE depends on whether its RA overlaps with these  TAs. Hence we can get its probability:
	
	(22)


Therefore:
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Case 2, hard switch
As already analysed in Section 2.2, for this case and option the expectation of number of TAIs within an RA is  as provided in Formula (12).
For each UE and a cell randomly selected, whether the cell needs to page the UE depends on whether the cell’s centre locates within the relative TA′s (i.e. currently broadcasting the relative TAC). Hence we can get its probability:
	
	(24)


Therefore:
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Comparison of Options
Compared with the “hard switch” option, the “soft switch” option demands an enhancement so that one cell can broadcast multiple TACs of a given PLMN. Does this enhancement bring any benefit on paging load?
In order to compare the paging load of the two options, here we assume  and . The value of  or  is not needed to define here since it is a common factor for both options.
Case 1
For Case 1, the value of  and  for the “soft switch” option is provided in Formula (15) and (17), while the value of  for the “hard switch” option is provided in Formula (19).
Figure 10 shows the comparison of the two options, by comparing ,  and  versus , i.e. versus  or .

[bookmark: _Ref16759882]Figure 10: Comparison of paging load, Case 1.
From Figure 10 we can find that the “hard switch” option usually performs slightly better than the “soft switch” option. Due to imbalance of paging load between different cells, the “soft switch” option will touch the capability ceiling more quickly than the “hard switch” option when the number of TA reduces and the size of TA grows.
Observation 2: For Case 1, the paging load in the “hard switch” option is usually slightly lighter than the “soft switch” option.
Observation 3: For Case 1, the paging load in the “hard switch” option is distributed more evenly than the “soft switch” option.
Case 2
For Case 2, the value of  and  for the “soft switch” option is provided in Formula (21) and (23), while the value of  for the “hard switch” option is provided in Formula (25). We can find that the value of  is exactly the same as  when the two options share the same .
Figure 11 shows the comparison of the two options, by comparing  i.e.  and  versus , i.e. versus  or .

[bookmark: _Ref16760831]Figure 11: Comparison of paging load, Case 2.
In this case the difference is even clearer: the average paging load of the two options is strictly the same, while the distribution of the paging load is enormously different. In the “hard switch” option the paging load is evenly distributed among all cells, while in the “soft switch” option the paging load much concentrates within the cells which broadcast the many TACs.
Observation 4: For Case 2, the paging load in the “hard switch” option is generally the same as the “soft switch” option.
Observation 5: For Case 2, the paging load in the “hard switch” option is distributed much more evenly than the “soft switch” option.
Therefore we can conclude that:
Observation 6: Compared with the “hard switch” option, the “soft switch” option demands more enhancement but performs worse on paging load.
Proposal 1: Capture the abovementioned analysis into TP 38.821.
Conclusion
Observation 1: Frequent TAU can be prevented by proper registration area configuration for both the “soft switch” option and the “hard switch” option, without any demand on cell overlapping.
Observation 2: For Case 1, the paging load in the “hard switch” option is usually slightly lighter than the “soft switch” option.
Observation 3: For Case 1, the paging load in the “hard switch” option is distributed more evenly than the “soft switch” option.
Observation 4: For Case 2, the paging load in the “hard switch” option is generally the same as the “soft switch” option.
Observation 5: For Case 2, the paging load in the “hard switch” option is distributed much more evenly than the “soft switch” option.
Observation 6: Compared with the “hard switch” option, the “soft switch” option demands more enhancement but performs worse on paging load.
Proposal 1: Capture the abovementioned analysis into TR 38.821.
Reference
[1]	R2-1905302; Tracking area management and update for NTN LEO; Ericsson, ZTE, Thales.
TP for TR 38.821
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7.3.1 	Idle mode mobility enhancements
7.3.1.1 General Tracking Area Issues [16]
Satellites may provide very large cells, covering hundreds of kilometres, and consequently would lead to large tracking areas. In this scenario the tracking area updates (TAUs) are minimal, however the paging load could be high because it then relates to the number of devices in the tracking area.
Moving cells and consequently moving tracking areas would be difficult to manage in the network as the contrast between the TAU and the paging signalling load would be too extreme to find a practical compromise. 
On one hand, small tracking Areas would lead to massive TAU signalling for UE at the boundary between 2 TAs as illustrated in figure 7.3.1.1-1.

[image: ]
[bookmark: _Ref359507]Figure 7.3.1.1-1: Moving Cells and Small tracking Areas leading to massive TAU signalling

On the other hand, wide tracking Areas would lead to high paging load in the satellite beams as illustrated in figure 7.3.1.1-2.
[image: ]
Figure 7.3.1.1-2: Moving Cells and wide tracking Areas leading to higher Paging load
However, Tracking areas must be dimensioned to minimise the TAUs as this is more signalling-intensive than paging on the network.
In practical tracking area design, one of the criteria affecting the performance and capacity is the limiting capabilities of MME/AMF platforms and the radio channel capacity.
Ping-pong effect generating excessive TAU, and it can be minimised by ensuring 10-20% overlaps between the adjacent cells and appropriate allocation of TAI List to UEs especially at the edge of cells/TAs.
Ping-pong TAU can be prevented by proper configuration of registration area.

7.3.1.2 Moving Tracking Area for NTN LEO, Scenario C2 and D2 [17]      
Moving tracking area means that the tracking area sweeps over the ground as the cells move. Due to high speed movement of satellite, the satellite beam and therefore the cell providing coverage for an earth stationary UE will be changed frequently. As a result, a stationary UE would have to keep performing Registration area update (can also be called as tracking area update, i.e. TAU) in RRC_IDLE state. For each Registration area update, the UE needs to initiate connection with the network. For Rel-15 NR this requires 4-steps of the random access procedure followed by some RRC message exchange over the service link. This can become a non-acceptable overhead if all IDLE mode UEs in the registration area need to perform tracking area update (TAU) frequently as the LEO satellite passes by. If the geographical area covered by the Registration area is large, this issue may become slightly less severe.  However, size of the Registration area and paging capacity forms a trade-off as the UE may need to be paged via all cells belonging to the Registration area and thus the paging capacity may become an issue when network initiated calls arrive. 

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.
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.  

7.3.1.3.x Comparison of “hard switch” option and “soft switch” option for TA
There are two possible sub-options for “fixed TA” [17]: the “hard switch” option and the “soft switch” option.
In the “hard switch” option, one cell can broadcast only one TAC per PLMN. Which TAC to broadcast depends on which geographically divided TA′ preconfigured by the OAM the “reference point” (e.g. the centre) of this cell locates within.


Figure 7.3.1.3.x-1. Definition of “hard switch” for TA
In the “soft switch” option, one cell can broadcast multiple TACs per PLMN. For any cell and geographically divided TAs, if one cell’s coverage overlaps with multiple TA at one given moment, it shall broadcast all of the corresponding TACs simultaneously.


Figure 7.3.1.3.x-2. Definition of “soft switch” for TA
Based the assumption that the registration areas of all the UEs are configured properly so that ping-pong TAU is prevented, the network paging load of these two options are generally the same [xx]. However, for the “soft switch” option, the more TACs a cell broadcast, the heavier paging load it experiences, which usually leads to a significant imbalance distribution of paging load among cells. A simple model of this comparison can be seen in [xx].
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Case 1, r = 5km
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Case 1, r = 50km
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Case 1, r = 500km
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Case 2, r = 0km
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Case 2, r = 5km
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Case 2, r = 50km
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Case 2, r = 500km
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