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Abstract of the contribution: This paper proposes to update the solution 6.3.27 for multiple level tracking area handling to include the evaluation.
1 Discussion

This contribution gives an analysis on the solution 6.3.27 and proposes to add the evaluation for the solution 6.3.27 about multiple level tracking area handling.
In existing EPS system, only one TAI lists and a PTAU timer value is allocated by MME. For new solution 6.3.27, multiple level TAI lists and associated periodic update timer value for each level are allocated CPF. For UE side, the difference between the existing one level TAI lists based management and multiple level TAI lists based management are lists as follows:
	UE
	Tracking area management in EPS system
	New solution 6.3.27
	Comparation

	PTAU timer
	Maintain One PTAU Timer 
	Maintain multiple PTAU timers, PTAU timer value increases level by level.
	Assumption: 

The Level 1 TAI list = LTE TAI list, and L1 PT value = LTE PT value;
1. Normal TAU, since L1 TAI list =4G TAI list, then there are same TAU chance, the TAU signalling load is almost the same; 

2. P-TAU, since multiple Level PT timer increases expire value  Level by Level, so the P-TAU chances will decrease than the 4G P-TAU if the UE locates on the Higher level .



	TAI lists
	Maintain One level TAI lists 
	Maintain multiple level TAI lists
	

	PTAU procedures
	When the PTAU timer expires, initiates PTAU procedure.
	When one level PT timer expires, the UE needs to check if the timer is associated to the highest TAI list Level UE currently locates. If yes, perform the PTAU. If the low level PTAU timer expires, the UE does not perform the P-TAU. But the UE needs to mark the low level timer as expired state. When the moves from the high level TAI list to a low level TAI list and the low level PTAU timer is marked as expired, the UE need to perform P-TAU.
	

	Normal TAU procedure
	Move out to the TAI lists, perform the NTAU.
	Move out to the level 1 TAI lists, perform the NTAU.
	


For the MME/CPF side, the differences between the existing one level TAI lists based management and multiple level TAI lists based management are lists as follows:

	MME/CPF
	Tracking area management in EPS system
	New solution 6.3.27
	Comparation

	Reachable Timer
	Maintain One Reachable Timer 
	Maintain multiple Reachable Timer, Reachable Timer value increases level by level.
	Assumption: 

The Level 1 TAI list = LTE TAI list, and L1 PT value = LTE PT value;

3. Paging, in the LTE system, the paging is performed in the whole TAI lists. In the new solution, the paging mat be in the high level TAI lists, in such case, the paging load decrease.

	TAI lists
	Allocate and Maintain One level TAI lists 
	Allocate and Maintain multiple level TAI lists
	

	Paging procedures
	Perform the paging in all TAI lists.
	Perform paging based on the RT timers' expiring status.
	


According to the above analysis, we propose to add the following evaluation for the solution 6.3.27 about multiple level tracking area handling:
Advantages:

1) There are less P-TAU messages: The UE does not perform the P-TAU when the low level PT timer expires. UE will perform the P-TAU only after the PT timer of the highest level UE's currently located expires. Since the PT timer value increases level by level, so the P-TAU signalling will decrease Level by Level.

2) There are less Paging messages: the CPF only pages the UE at highest level UE's currently located based on expiring states of the RT timers, instead of just paging the UE over the whole TAI list in the Level 1. The method to determine the paging level is also simple.

3) There is no special functions and changes expected from RAN. 

4) Support the dynamic Mobility Pattern/Level : The CPF can dynamically assign one level or multiple level TAI list to the UE based on the UE Mobility Pattern or Mobility Level determined by the CPF to optimize the MM signalling, i.e. this solution can be considered as a solution to implement the Mobility Pattern/Level;

5) This solution can co-work with any other TAI list allocation solution, e.g. by setting the determined TAI list by other solution as the Level 1 TAI list, and shrinks the higher level TAI lists level by level.

Disadvantages:

1) The UE will support multiple Level TAI list and multiple PT timers, which introduces some complexity in the UE. Since the PT timer value increases level by level. However, the logical multiple PT timers can be implemented by the same single "physical" timer, e.g. by just restarting the "physical" timer with a new value (i.e. the gap between the two level PT timers' expiring value) after the timer expires, the same "physical" timer becomes the next high level PT timer.

2) When one level PT timer expires, the UE needs to check the highest TAI list Level UE currently locates in order to determine whether to performance the P-TAU. If the low level PT timer expires, the UE does not performance the P-TAU, but the UE still needs to mark this low level PT timer as expired state. When the UE moves from the high level TAI list to a low level TAI list and this low level PT timer is marked as expired, the UE needs to performance the P-TAU.
3) The CPF will support multiple Level TAI list and multiple RT timers, which introduces some complexity in the CPF. The CPF needs to determine and allocate multiple level TAI lists to the UE, e.g. based on the determined UE Mobile Pattern/Level, and select the paging level based on the RT timers' expiring status. Also, the logical multiple RT timers can be implemented by the same single "physical" timer, e.g. by just restarting the "physical" timer with a new value (i.e. the gap between the two level RT timers' expiring value) after the timer expires, the same "physical" timer becomes the next high level RT timer.
2 Proposal

It is proposed to capture the following solution to FS_NextGen TR 23.799.
* * * * Start of Change * * * *
6.3.27
Solution 3.27: Multiple level Tracking Areas handling

In this solution, multiple level tracking areas are introduced for mobility management.
6.3.27.1
Architecture description

CP/MM allocates multiple level TAI lists, PT (i.e. Periodic Tracking Area Update timer value) and RT (i.e. UE Reachable Timer value) information for the UE during Attach/TAU/TAI relocation procedure. The relationship between different level TAI list, PT and RT are as follows:
-
Level 1 TAI list> Level 2 TAI list> Level 3 TAI list>…>Level n TAI list (i.e. TAI list size: large to small)

-
PT1< PT2< PT3<…<PTn (i.e. PT: small to large) (PTn: level n Periodic Tracking Area Update timer value)

-
RT1< RT2< PT3<…<RTn (i.e. RT: small to large) (RTn: level n UE Reachable Timer value)

For ease of understanding, an example for two level TAI lists is described in the figure 6.3.27.1-1, for the level 2 TAI list, the tracking area can be discrete. The relationship between RT and PT values are depicted in figure 6.3.27.1-2.
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Figure 6.3.27.1-1: two level TA lists
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Figure 6.3.27.1-2: Relationship between the PT and RT
6.3.27.2
Function description

6.3.27.2.1
Multiple level Tracking Area Allocation
Normally, how the CPF determines and allocates a TAI List or multiple level TAI list to a UE is implement specific and will not be defined in the 3GPP TS for NextGen network. Two methods are introduced to provide some guidelines on multiple level Tracking Area Allocation:
Method 1: When the UE access to the network at first time, the core network can allocate a multiple level TAI list based on the UE current location as described in the initial allocation of figure 1, associated periodic update timer value for each level also be sent to the UE with the multiple level TAI lists together. The network can estimate the UE's track (i.e. the UE mobility pattern) based on the timer's status and UE's history track and shrinks the level 1 tracking areas assigned to the UE step by step. If the core network determines the UE always camps in level 3 TAI lists, the core network can reallocate a new multiple level TAI lists and sets the level 3 TAI lists as the new level 1 TAI list and the higher level TAI list (and more smaller Tracking Areas) are allocated accordingly, see the reallocation in the figure 6.3.27.2.1. According to this method the core network can achieve accurate UE tracking more quickly and can initiate the Paging at smaller tracking areas.
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Figure 6.3.27.2.1-1: Multiple level tracking area allocation

Method 2: The core network can determine the TAI list using any available mechanism (e.g. solution 3.11, etc), based on this solution, the core network can set the determined TAI list as the Level 1 TAI list, and shrinks the higher level TAI lists level by level as descripted in initial allocation of figure 6.3.27.2.1. This solution can be used for any available TA management solution to determine the TAI list.
6.3.27.2.2
Multiple level Tracking Area Update in the UE
When the UE enters in IDLE state, the UE starts all levels periodic TAU timer from its initial value. The UE performs periodic Tracking Area Updates with the network based on the status of periodic TAU timer associated to the highest level TAI list the UE located. The detailed flows are depicted as below:
-
UE identifies the highest level which it currently locates, e.g. level i;

-
UE determines the status of PTAU timer is expired for the identified highest Level TAI list, the UE performs the PTAU procedure. If the UE locates in a higher level area, even the lower level PTAU timer expires, the UE does not perform the PTAU procedure.

When the UE move from one level to another level TAI list, UE performs the PTAU based on the target highest level PTAU timer status the UE locates.

If the UE enters to a new TA that is not in the allocated TAI lists, the UE initiates the Normal TAU procedure, and the CP/MM will performs a new multiple level TAI list allocation procedure.

6.3.27.2.3
Reachability Management for UE in IDLE state

When the UE enters in IDLE state, the CP/MM runs all level reachable timer. If all the timers expire in the CP/MM, the CP/MM can deduce that the UE is not reachable. If the CP/MM determines to page the IDLE state UE, to decrease the paging message overhead, the CP/MM should page the UE in the minimum TAI list UE locates. The paging area can be selected by CP/MM according to the RT timers' status as followed:

-
The CP/MM checks that the level(1~x) RT timers are expired and level (x+1~n)RT timer does not expire;

-
The CP/MM paging the UE based on the level (x+1) TAI list.

6.3.27.3
Solution evaluation


This solution tries to optimize the TAU and Paging signalling for the UE and NG system at the same time.
Advantages:

1) There are less P-TAU messages: The UE does not perform the P-TAU when the low level PT timer expires. UE will perform the P-TAU only after the PT timer of the highest level UE's currently located expires. Since the PT timer value increases level by level, so the P-TAU signalling will decrease Level by Level.

2) There are less Paging messages: the CPF only pages the UE at highest level UE's currently located based on expiring states of the RT timers, instead of just paging the UE over the whole TAI list in the Level 1. The method to determine the paging level is also simple.

3) There is no special functions and changes expected from RAN. 

4) Support the dynamic Mobility Pattern/Level : The CPF can dynamically assign one level or multiple level TAI list to the UE based on the UE Mobility Pattern or Mobility Level determined by the CPF to optimize the MM signalling, i.e. this solution can be considered as a solution to implement the Mobility Pattern/Level;

5) This solution can co-work with any other TAI list allocation solution, e.g. by setting the determined TAI list by other solution as the Level 1 TAI list, and shrinks the higher level TAI lists level by level.

Disadvantages:

1) The UE will support multiple Level TAI list and multiple PT timers, which introduces some complexity in the UE. Since the PT timer value increases level by level. However, the logical multiple PT timers can be implemented by the same single "physical" timer, e.g. by just restarting the "physical" timer with a new value (i.e. the gap between the two level PT timers' expiring value) after the timer expires, the same "physical" timer becomes the next high level PT timer.

2) When one level PT timer expires, the UE needs to check the highest TAI list Level UE currently locates in order to determine whether to performance the P-TAU. If the low level PT timer expires, the UE does not performance the P-TAU, but the UE still needs to mark this low level PT timer as expired state. When the UE moves from the high level TAI list to a low level TAI list and this low level PT timer is marked as expired, the UE needs to performance the P-TAU.
3) The CPF will support multiple Level TAI list and multiple RT timers, which introduces some complexity in the CPF. The CPF needs to determine and allocate multiple level TAI lists to the UE, e.g. based on the determined UE Mobile Pattern/Level, and select the paging level based on the RT timers' expiring status. Also, the logical multiple RT timers can be implemented by the same single "physical" timer, e.g. by just restarting the "physical" timer with a new value (i.e. the gap between the two level RT timers' expiring value) after the timer expires, the same "physical" timer becomes the next high level RT timer.
* * * * End of Change * * * *
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