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1 Introduction

It has been the working assumption of SA2 for some time to use “equivalent tracking areas” for LTE to reduce signalling on transitioning between UMTS and GSM.  This contribution looks at the principles behind the concept and possible impact on RAN.

2 Discussion

The concept of equivalent tracking areas (ETA)is to define overlapping tracking/routing areas from multiple  technologies as equivalent.  The UE is then allowed to move between these ETAs without generating any tracking area update messages.  Of course, this also implies that for mobile terminating packets, the UE must be paged in all the cells from the different technologies that belong to the equivalent tracking area.  

While this is a simple concept in principle, it does impose some additional requirements and functionality on the network and the UE.  

2.1 Update of the equivalent Tracking Areas

The issue to consider here is when the update of equivalent tracking areas is performed and this reflects on how accurate the information is on the network and what triggers a TA/RA update.  Take for example a UE in equivalent tracking area formed by RA1 and TA1.  Since TA1 overlaps RA1 and RA2, the behaviour of a UE in LTE moving to a region of TA1 that overlaps RA2 needs a closer analysis.   The scenario is shown in Figure 1 below.
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Figure 1: Equivalent Tracking areas and paging areas
There are a couple of options possible:

· The UE continuously monitors both technologies and performs an update on crossing into the RA2 region even if it is still camping on LTE.  In this option, the network always has accurate information about the location of the UE in both technologies and hence the paging is not in a wrong region.  Again two possibilities exist on how this update is performed:

· Over LTE providing UMTS RA (this option is discussed in more detail in section 2.4)
· Over UMTS itself
· The UE does not update the network as long as it is camping in TA1 in LTE.  It performs the update only if camps in RA2 in UMTS.   This means that the network does not accurate information of the UE location and the UE is paged in RA1 when in fact it is in coverage area of RA2.  However, assuming that RA1 and RA2 are of the same size, it does not really use any more paging resources and UE is still being paged in the tracking area of LTE that it is located in.

Being simpler, the latter is a better approach - to have the UE perform a TA/RA/URA update only when it camps in a TA/RA/URA that is not a part of the current equivalent TA.
2.2 Paging Identifiers for the two systems

Another related issue is the paging ids used.   Since the UE is effectively “registered” with both systems, there are potentially two temporary (paging) ids.  There are two options:

· Each system uses its own identifiers for paging.  The UE needs to store multiple UE ids, one for each system.  This is the simplest and the natural choice. 

· The UE only stores one id and the each system  can use this id for paging.  This will require interaction between the two systems for paging id co-ordination.  The number of UEs that can be addressed for the combined system is halved since the number space is shared across the two systems. Further, the paging messages in each system should be able to handle this common id.  This can cause problems for UEs in URA-PCH state in UMTS since the temporary id (RNTI) is not compatible with the NAS issues temporary id.   If however URA-PCH state is not required, then this is potentially an option and if the PTMSI address space is identical.

Using system specific UEids for paging in the respective system is the most flexible solution.
2.3 Handling UEs in URA-PCH state

Another issue is UEs in URA-PCH state.  Since it is likely that UEs will be kept in URA-PCH state for considerable time, it is useful to optimise for this state as well.  In other words, it will be useful to include URAs as part of equivalent TAs.  This would mean that a UE in URA-PCH state can move between LTE and UMTS without generating TA update messages.  This can however cause some additional complications as discussed below. 

2.3.1 Creation of dual contexts

Contexts (at the minimum UEids if they are different) need to be created in both systems (This probably does not have any significant impact on RAN procedures, it is included here for completeness).  Context creation in the other system can be done:

· At the time UE goes to a paging state in either system: The network must create the context in the other system on behalf of the UE (see section 2.4 for more details on how this could be done).  The list of equivalent tracking areas and UEids (if different) are provided to the UE every time the UE goes into a paging state in any system.  In UMTS, the network can only “create” a user in Idle state and not URA-PCH state
.
· The first time the UE camps on the other system after going idle: For example, if the UE went to Idle in LTE, no UMTS context is created.  The UMTS context is created only when the UE camps on the UMTS system.
Since it is simpler to create the Dual context when the UE performs an update in each system, it seems to be a better approach.  This is also in line with the approach on when to perform the update described in Section 2.1.

2.3.2 Deletion of contexts and its impact on Handovers
The next issue to handle is if and when the dual context is deleted and reverted back to single context.  Contexts (including URA-PCH state) in the other systems can be:

· Deleted every time the UE goes connected in one system:   However, the exact point at which the UE goes to connected is not easy to define.  For example, the UE can go connected to do a tracking area update.  
If this is considered going to Connected state, then a UE in URA-PCH in UMTS will be released immediately as soon as it performs a TA update in LTE.  
If on the other hand, one had assumed that such temporary “connected” states are excluded, then handling situations such as sending data immediately after the tracking area update procedure become difficult to handle

· Retained in the other system even when the UE goes connected in one system: This has complications as well since the UE can be handed over to the other system.  Take for example, a UE in URA-PCH in UMTS and Idle in LTE and the equivalent tracking areas consists of URA and LTE TAs.  Now the UE went connected in LTE and as per the above rule, the UE context in URA-PCH is retained.  If the UE is subsequently handed over to UMTS, potentially to a different SGSN, then handling the hanging URA-PCH state in another RNC becomes  problem.    When and how is the context deleted in the old RNC and the UE?

In summary, retaining UE in URA-PCH state when the UE performs a TA update or any access in LTE can lead to complexity and should be avoided.  
However, it should be possible to retain contexts in  SGSN and MME even when the UE is connected over one system and could be considered but that is outside RAN2 interest.  If this principle is followed, the only transition that will result in URA and TAs being part of an equivalent TA is if a UE with dual (LTE and UMTS) CN contexts goes connected in UMTS and transitions to URA-PCH in UMTS.
2.4 Identification of the tracking area/routing area in the other system

To keep the system more up to date, for a UE performing an update in one technology could be used to update all technologies in the equivalent TA.  Thus for example in Figure 1, if the UE while in LTE crossed TA1/TA2 boundary and performs a TA update over LTE, it can be used to update UMTS also with the correct RA id, namely RA2.

The main issue here comes from the fact that the “overlapping” tracking/routing area never really overlap fully in a real deployment.    Thus, for example, it is necessary to find the overlapping UMTS routing area for each LTE cell rather than each TA.   This is further complicated by possibility of multiple URAs per cell in UMTS URA-PCH state.  There are many options available to perform the above mentioned mapping from LTE-Cell to UMTS RA.  These are listed below:

· The UE when performing a RA/TA update provides the routing/tracking area of the other technologies as well.  This will require that the UE monitor the RA/TA of each of the technologies in which each it is registered.  This imposes additional requirements on the UE.

· The mapping of the TA/RA/URA overlaid cell of the other technology is maintained for each cell in each technology.   Thus, for example, the eNB should have the RA/URA of the UMTS cell that the LTE cell overlays.  While this imposes additional functionality on the network, the main issue comes from the administrative burden of maintaining these lists manually if some automated self configuration method is not found.   

The Figure 2 below shows one example message flow for a tracking area update assuming the mapping in the eNB as discussed above is available.  It provides a simplified flow for the CN and does not consider, for example, the case where the CN node might need to change since it is outside the scope of RAN2.
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Figure 2 Example message flow for a tracking area update procedure when Equivalent Tracking areas are used

· When the boundaries of the equivalent TA/RA are crossed, then the UE performs a TA/RA update procedure with the Core network node of the technology it is currently camping on. Say that the UE is camped on technology LTE and performs a TA update over LTE. 

· When the eNB receives this message, it includes the cell id or the TAid of the LTE cell and the RAid of the UMTS cell that overlaps the LTE cell before forwarding the DT message to the CN.   

· The aGW receives this TA/RA update, it will perform a proxy location update towards the UMTS SGSN, identified based on the P-TMSI of the UE in UMTS or the RAid of UMTS.

· The TA/RA update response will include the temporary id for UMTS and LTE along with one (or a list of) TA/RA id’s for LTE and UMTS.  As a result, the UE acquires a list of TA/RA in both technologies, allowing the UE to move within the TA/RA of  the two technologies without generating TA/RA update signalling. Also, the UE has now temporary identities consistent with the core node that is handling the UE in each technology. 

Further discussions are needed on whether this optimization is used since it involves some complexity.

3 Summary and proposal

The contribution discussed some of the issues related to the concept of Equivalent Tracking areas.  It showed several issues that need to be addressed, many of them impacting RAN.  While some of the choices discussed above are easy  to decide, the entire solution must be looked at in totality since there are interdependencies.   It is hence proposed that RAN2 should also been involved in evaluating the discussions and decisions on Equivalent tracking areas.[image: image3.png]
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� On the other hand, to create a context in LTE for a UE in URA-PCH state can involve interaction between RNC, SGSN, MME etc.
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