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Abstract of the contribution: This paper proposes a new multiple level tracking area management concept for NextGen system for efficient signalling handling in regard to different UE mobility requirement and update the interim agreements on mobility management.
1 Discussion

In Existing EPS system, the TA was introduced for UE location management which includes:

· Tracking Area Update procedure

· Paging procedure
One TAI list and a periodic TA update timer value is allocated to UE by MME, when the UE detects it entered a new TA that is not in the list of TAIs the UE will initiate a normal tracking area update procedure. Or if the periodic TA update timer the UE will initiate a periodic tracking area update procedure. All cells of the Tracking area in the list of TAIs in which a UE in ECM-IDLE needs to be taken into account for paging.

However, regarding to the above location management mechanism, if the size of tracking area allocated to UE is small (e.g. one or a few number of cells), the scarce of paging resource issues can be resolved but the frequency of Tracking Area Update for moving devices will be increased. On the contrary, if the size of tracking area allocated to UE is large, the frequency of Tracking Area Update for moving devices will be decreased but the scare of paging resource issue will be worsen.
There are correlation between the size of Tracking Area allocated to UE and efficiency of signalling in regard to UE's patterns of movement. For a UE, if it is has a static or low speed mobility characteristic, then a small size of TA allocated to UE is beneficial. However, if it has a medium or high speed mobility characteristic, then a large size of TA allocated to UE is beneficial. In SA1, the study item PPOPE (TR22.838) has concluded some scenarios for paging optimization that paging policy can be different based on user’s likely location/ application characteristics/device type) and which have been normalized in TS 22.101.
Next generation systems are expected to address different requirements on mobility support. For a UE, it also can has different speed mobility characteristic at different time. However the existing management that one TAI list is allocated to UE can’s efficiently work for NextGen system.
Therefore, the mobility management based on multiple level tracking area is proposed. The concept of the multiple level tracking area is that, multiple level TAI lists are allocated to UE by network. 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 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 lists(i.e. more smaller Tracking Areas) are allocated accordingly, see the reallocation in the figure 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 1 Multiple level TAI lists allocation
In addition, 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.x.2.1. 
Therefore, this solution can be used for any available TA management solution to determine the TAI list. We propose to add the new solution about mobility management based on the multiple level TAI lists (i.e. section 2) and the following agreement in the TR23.799:
1. Multiple level Tracking Area lists and associated multiple level Period TAU Timer value are allocated by the core network to a registered UE;
2. The location of the UE in IDLE state is determined by the core network on which finest level Tracking Area List according to the expire status of the multiple level UE reachable timer. Paging for the IDLE state UE is sent by the core network to the determined level tracking area list.
2 Mobility management on multiple level TAI lists
For ease of understanding, an example for two level TAI lists is described in the figure 1, for the level 2 TAI list, the tracking area can be discrete. The network allocates two level TAI list, two periodic TAU timer value and two reachable Timer value for a UE. 
The relationship between these timer values are depicted in figure 2. 
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Figure 2 Two level TAI list
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Figure 3 Relationship between the PTn and RTn

· Multiple level TAU procedure in the UE

The UE receives the multiple level TAI list and associated multiple level PTAU timer value. When the UE enters in IDLE state, the UE starts all level PTAU timers. The UE performs periodic Tracking Area Updates with the network if the periodic TAU timer associated to the highest level TAI list the UE located is set as expired regardless the status of other level periodic TAU timers.
· Paging procedure in the CP/MM:

When the UE enters ECM IDLE mode, the CP/MM started all level reachable timers, for any RTi, when the idle time t>RTi. CP/MM marks RTi expired. When the CP/MM determines to paging UE, to decrease the paging message, the CPF should paging the UE in the minimum TAI list UE located. In other words, the CP/MM determines the highest level UE locates according to the highest level expired reachable timer, e.g. if the RT (1~x) timers are set expired and RT(x+1)~n) does not expired, the CP/MM paging the UE based on the identified L(x+1) TAI list. 
3 Proposal

It is proposed to capture the following solution to FS_NextGen TR 23.799.
* * * * Start of Change * * * *
6.3
Solution for Key Issue 3: Mobility framework

6.3.X
Solution 3.X: Multiple level Tracking Areas handling

In this solution, multiple level tracking areas are introduced for mobility management. 
6.3.X.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 followed；
· 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.x.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.x.1-2.
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Figure 6.3.x.1-1 two level TA lists
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Figure 6.3.x.1-2 Relationship between the PT and RT
6.3.X.2
Function description
6.3.x.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.x.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.x.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.x.2.1. This solution can be used for any available TA management solution to determine the TAI list.

6.3.x.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.x.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.X.3
Solution evaluation

Editor's note: This clause will contain evaluation on the system impacts, e.g., UE, access network and non-access network.
* * * * Second of Change * * * *
8.3
Interim Agreements on Key Issue #3: Mobility management
Interim agreements for CN/NAS state model on Key issue #3 Mobility Management are as follows:

1.
A single MM state model shall be specified consisting of

-
An MM De-registered state, in which the UE is not attached to the network; and

-
An MM Registered state, in which the UE is attached to the network. While MM Registered, the UE may be either

-
in a CN Idle state, in which the UE may only be tracked at CN location area level and may achieve at least a comparable power efficiency to that of LTE’s ECM IDLE state; or

-
in a CN Connected state, in which the UE location is known on the level of the serving RAN node.
2.
NextGen Core shall be able to optimize the MM procedures of a UE within the single MM state model.

3.
RAN2 is expected to define means for a UE in MM Registered CN Connected state not transmitting or receiving data to achieve a comparable power efficiency to that of a UE in CN Idle state. 
4.
The network shall be able to control whether a UE in MM Registered/CN Connected state uses handover or cell reselection.
Interim agreements for mobility on demand are as follows:

1.
The subscription data may include information which can be used to determine the UE mobility level.
2.
UE mobility level is determined by core network based on information such as UE subscription, UE capabilities, UE location, and/or network policies.
3.
UE mobility level can be changed, if it is allowed (e.g. the UE supports this change), due to, e.g., subscription, location, and/or policy change. In addition, UE mobility level can be updated during a mobility management procedure.
4.  For the mobility restriction aspects, the following applies:

A.  The core network may configure an “allowed area”, “non-allowed area” and “forbidden area” to a UE.

Editor's note:
The finest granularity of the areas above is FFS.

Editor's note:
Further details of what is allowed and not allowed in a “non-allowed area” and “forbidden area” e.g. emergency services is FFS.

B.
In an “allowed area”, the UE is permitted to initiate communication (using CP and UP) with the network as allowed by the subscription. 

C.
In a “forbidden area”, the UE is not permitted to initiate any (neither CP nor UP) communication with the network.

D.
In a “non-allowed area” the UE is not allowed to initiate SM signalling to obtain user services, but the UE can initiate mobility management signalling (e.g. in order for the network to be able to update the allowed area list, forbidden area list, track stolen equipment etc…).

E.  The forbidden area has precedence over both the allowed area and the non-allowed area.
Interim agreements for tracking area mobility management:
x. Multiple level Tracking Area lists and associated multiple level Period TAU Timer value are allocated by the core network to a registered UE;
xi. The location of the UE in IDLE state is determined by the core network on which finest level Tracking Area List according to the expire status of the multiple level UE reachable timer. Paging for the IDLE state UE is sent by the core network to the determined level tracking area list.
* * * * End of Changes * * * *
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