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1
Introduction

At the RAN WG2 #56 meeting, two tracking area concepts (“Overlapping TAs” and Equivalent TA List) were discussed after receiving the LS from RAN3. The main question was which of these concepts should be chosen for standardised. 
The aim of this paper is to understand the concepts, discuss the scenarios when they are used, before trying to conclude on the correct solution to allow flexibility and efficiency.    
2
Tracking Area Concepts

2.1
Equivalent TA-List

2.1.1
General aspects
In this concept the UE is associated to one or more TAs during the Tracking Area Update procedure. When the UE in LTE Idle reselects to a new cell where the TA is not included in the broadcasted System Information, the UE triggers the Tracking Area Update procedure.

During the discussions of this concept in RAN3 it was assumed that only a single Tracking Area is broadcasted in the System Information of each cell. 
2.1.2
Open questions:

· Is the LTE-P-TMSI unique within a MME, or unique within a Tracking Area? Does the UE need to be allocated a P-TMSI for each TA or one for all Tracking Areas?
· It is assumed that a P-TMSI would be unique within a MME.
2.2
Overlapping TAs
2.2.1
General aspects
In this concept the identifiers of multiple TAs are broadcasted in the system information of the cell. When the UE performs an MM procedure, e.g. a Tracking Area Update Procedure, the UE is associated with an area which where the idle mode UE is free to move within without contacting the network.  
During the discussions of this concept it has been assumed that only a single TA is associated with the UE during the Tracking Area Update procedure. 

2.2.2 Open questions

· Does this include the case where the eNodeB is transmitting the cell ID and the TA ID in one cell?
3
Deployment scenarios/trade-offs
3.1
High mobility UEs in dense urban scenarios

In dense urban scenarios the physical size of the mobility/paging area decreases to maintain the same level of paging load, as the concentration of devices is dramatically increased. 

However in these dense urban scenarios, a small proportion of the UEs are fast moving, and therefore causing too high a signalling load in the core network. For these UEs a large geographical mobility/paging area is required.
To allow both requirements to be met a number of different sizes of paging/mobility area may be needed: The smaller areas for the low mobility devices and the large areas for higher mobility devices. 
To make the different sizes of the mobility/paging areas in the Overlapping TA proposal, it only requires a couple of TAs to be transmitted from each cell. However, as it is assumed that there would be a significant size difference between the small and large TAs, the number of TAs required to be allocated to the UE in the TA-list would become quite large and cumbersome.
3.2
Network sharing – Forbidden Tracking Area
In RAN Network sharing scenarios there is likely to be a need to impose a hard boundary in the network for only some users. This could be done by using the equivalent TA concept, however this would require the list of equivalent Tracking Areas for the normal UEs would increase.
It would be easier to map the UEs to one of the two layers of TA sent on in the System Information of cells. The UEs involved in network sharing would be mapped to the TA layer which only is present in the shared area of the network. When the UE moves outside the shared area, the network may restrict the UE access to network.
As the accuracy required of the shared areas increases, the number of equivalent Tracking Areas allocated to the UE (in the TA-list) is likely to increase, and therefore it may be more efficient to rely on the Overlapping-TA concept (with the smaller and larger TAs).
3.3
Access point @ home – Forbidden Tracking Area
If an operator is deploying an Access Point in the home, it is unlikely that they will want to open up the access point to all UEs, and therefore it is likely to be restricted to a smaller number of UEs. Therefore the APs need to be on a different Tracking Areas. 

The selected mechanism should avoid UEs which are allowed to camp on the AP from having to perform a Tracking Area Update each time when the UE reselects between the AP and the macro-cell.
The equivalent Tracking Area-List concept would allow both of these requirements to be met.

3.4
Network sharing – Shared TAs
In the discussions in RAN2 there seemed to be a general understanding that it should be possible for at least one Tracking Area per PLMN to be transmitted to the cell. We are not recommending that this flexibility be removed (at this stage), however when defining the stage 3, if the equivalent Tracking Area-List concept has been adopted, there should be the possibility to avoid duplication. 
3.5
Pool Areas 
When deploying a network, if it is likely that there will be restrictions on the number of MME/UPE which an eNodeB can communicate with. This restriction is likely to be imposed to avoid a failing/faulty eNodeB impacting the whole PLMN.
If it is decided by the operator that a hard boundary is required (rather than a soft/overlapping boundary) then unless there is some co-ordination between the MMEs of different pool areas, a hard TA boundary will be introduced in the network. 

To avoid this some co-ordination could be performed between MME, where (like the intersystem case) the UE would be allocated a different P-TMSI to be used in each (set of) Tracking Areas. This technique would be based on the equivalent TA concept.

In the case where a soft or overlapping boundary is used, then both the Equivalent TA-List and the Overlapping TA
3.6
Core Network Sharing 

When network sharing is based on core network sharing, i.e. there is not an S1 interface between Core network and RAN of different operators, then unless there is some co-ordination of paging between core network nodes then there would be a hard boundary between mobility areas of the two networks.

A similar mechanism is used for the Inter-RAT case, where the SGSN and MME are not co-located; and the case where the network has pool areas. The equivalent tracking areas concept can be used in all these cases as long as the P-TMSI is allocated for each RAT, Pool Area or shared MME.
4
Considerations
4.1
UE ping-pong causing significant CN load
Which ever solution is chosen, it needs to avoid ping-pong between paging/mobility areas, this causes too high a signalling load in the core network as well as the radio network.

When people live on the TA area boundary they should not be penalised with lower battery life, which would occur when frequently flitting back and forth between Tracking Areas over a hard boundary between paging/mobility areas.

This can be handled with both approaches, with the equivalent Tracking Area concept requiring less thought when planning where Tracking Area boundaries fall, as the total Paging/Mobility Area can be modified for the UE, including the old and new Tracking Areas.

4.2 Efficiency of Broadcast SI verses NAS signalling
During the feasibility study, RAN1 performed simulations on the radio efficiency of different techniques/configurations:
On average across the cell, the network could provide a throughput of around 2 bits/sec/Hz, for unicast traffic when deploying H-ARQ. 
The amount of resource required for the transmission of the system information to reach the cell edge will be significantly higher. And therefore it is assumed that efficiency of this transmission would be significantly lower than the 1bit/sec/Hz which was the target for SFN soft combining.
It is also worth remembering that the system information is required to be periodically transmitted on the cell, and therefore the quantity of information should be minimized as much as possible.
4.3
UE complexity

When discussed in RAN3, there were some concerns raised on the additional complexity to implement both solutions in the UE. Assuming that the UE is using the same P-TMSI in all TAs, when deciding to move to a new cell the UE would need to analyse the following:
For the Overlapping Tracking Area concept the UE would need to compare the single TA ID allocated to the UE to the Y TA-ID transmitted in the cell. I.E. comparing 1:Y to see if there are any matches.

For the Equivalent Tracking Area List concept the UE would need to compare the X TA ID allocated to the UE to the single TA-ID transmitted in the cell. I.E. comparing X:1 to see if there are any matches.

For the case where both concepts are implemented the UE would need to compare the X TA ID allocated to the UE to the Y TA-ID transmitted in the cell. I.E. comparing X:Y to see if there are any matches..
During the Stage 3 specification phase it is assumed that some limit will be introduced on the number of TAs which can be assigned to the UE in the Equivalent TA-List, both for signalling reasons and for UE complexity reasons. This restriction could then introduce limitations on the efficiency of the technique, and the minimum size of the Tracking Areas.
4.4 Complexity in the core network
When the UE is allocated the multiple Tracking Areas, the MME needs to maintain a list of which TA IDs have been allocated to the UE. When the network requires to page the UE, the network would have to look up which eNodeBs control cells which form part of any the Tracking Areas which have been allocated to the UE. This mapping would be more complex than just performing the mapping between a single TA and controlling eNodeBs.
The paging message would then need to be generated and passed on the S1 interface to all the eNodeBs, this message would need to include a list of all the Tracking Area IDs which have been assigned to the UE. 

The eNodeB would need to perform some filtering of TA IDs in the paging message to know which cells would need to be paged on.
The MME needs to decide which TAs to allocate to the UE in the Equivalent TA-List. As described in one of the previous sub-clauses on Ping-pong, one simple mechanism for the MME to decide on which TAs to allocate to the UE would be also append the new TA to the previous list of TAs, and remove the TA which was allocated to the UE the longest ago.
There seems to be no additional complexity introduced in the Core Network if the Overlapping Tracking Area Concept is implemented in addition to the Equivalent TA-List concept.
4.5 Forbidden Tracking Areas
When defining the mobility concept, it will need to be decided exactly how the concept interacts with the Forbidden Tracking Area concept. It is initially assumed that the UE needs to ensure that the cell does not include a Tracking Area ID in the system information of the cell which the UE has stored in its Forbidden Tracking Area list.
5
Analysis

5.1
TA-List

Advantages:

· Allows network paging area flexibility whilst minimising the number of TAs required to be transmitted on a cell.
· More radio resource efficient in the normal case as H-ARQ gains can be utilised.
· Easy prevention of ping-pong between Tracking Areas.
Disadvantages:

· To maintain the paging load at the required level in urban environment, where the UE concentration is high, the TAs will need to be kept small. However to avoid too many Tracking Area Updates for a fast moving UE (e.g. those UEs on trains), many TAs would need to be associated to the UE and the list of size of the Tracking Update Accept message could become too large. 

· The handling of Network Sharing could be become difficult when relying on only having a single TA broadcasted in the System Information of a cell.
5.2
Overlapping TAs

Advantages:

· For fast moving UEs it can be advantageous to allocate a big TA in order to restrict the number of tracking area updates which the UE has to perform.

· Network sharing can be handled with greater granularity/ease.
Disadvantages:

· Broadcast channel becomes very inefficient when transmitting multiple Tracking Area identifiers, as no H-ARQ gains possible.

· Does not provide exact mechanism to prevent ping-pong behaviour.
5.3
Other concepts
When discussed in RAN3 the Overlapping TA and the Equivalent TA list concepts were treated as independent solutions. However it is likely that both solutions are needed by an operator to achieve deployment flexibility. 
Also it is suspected that when defining the stage 3 for the Equivalent TA-List concept, some restrictions will be imposed on the size of the TA-List. These restrictions would then introduce limitations on the efficiency of the technique, and the minimum size of the Tracking Areas.

If the TAs are large, it is assumed that for the non-mobile devices, e.g. vending machines, it would be beneficial to be able to assign a mobility/paging area of less than TA. Therefore it should be possible for the network to assign mobility areas made up of a list of Cell-IDs. This solution would also be useful in the AP@Home scenario where the cell would not need to transmit a Tracking Area ID. And therefore can be treated as a separate mobility/paging area which can be appended for some devices to the larger Tracking Area.
So even if it cannot be agreed to standardise both the Overlapping TA and the Equivalent TA list concepts some flexibility can be achieved by the Equivalent Tracking Area List being ble to include both Cell IDs and Tracking Area IDs, without introducing any additional overhead in the System Information. Obviously this approach may introduce some additional complexity in the UE and network, for matching of IDs. 
6
Conclusion
In this document there are numerous reasons why the Equivalent TA-List concept should be adopted, e.g. signalling efficiency, easy handling of TA ping pong.

The main are which the equivalent TA list seems to fail is where the mobility/paging areas need to cater for both the high device concentration and the low percentage of fast moving UEs.

This paper proposes that there are more than just the two approaches which RAN3 proposed. These are listed below:

1) Support of Equivalent Tracking Area List concept

2) Support of Overlapping TA 

3) Support of Equivalent Tracking Area List concept + Overlapping TA

4) Support of Equivalent Tracking Area List concept where list can be made up of both Cell ID and TA ID 

5) Support of Equivalent Tracking Area List concept where list can be made up of both Cell ID and TA ID + Overlapping TA

If the additional complexity introduced by supporting both Equivalent Tracking Area List and Overlapping TA concepts (approach 3 or 5) is not seen to be too high, the flexibility which would be introduced into a deployment by supporting both techniques, would justify both to be introduced into the standards. 
Otherwise, approach 4 probably should be considered, as this has a slightly different balance between complexity and efficiency. 
