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1. Introduction
This contribution introduces the concept of Virtual Location Area, as a generic tool aiming at offering efficient, and yet flexible, mobility management procedures for UEs in idle mode. 

2. Discussion
To our understanding, the mobility management function for dual mode UEs in idle mode puts the following requirements :

· it should be possible to route a paging indication to each such UE via appropriate cells, 

· the latency of call establishment in response to the paging indication should be  minimized.

· the benefits of URA should be preserved to some extent

· the number of mobility signaling procedures at the edge of each system cells should also be minimized.
We have shown in [1] that the introduction of the concept of Virtual Location Area (VLA) can bring flexibility to vendors to realize with just one single concept, their own preferred technology for intra LTE mobility management in idle mode. Indeed, it has recently been discussed in 3GPP/RAN3 [6] various proposals [2], [3], [4], [5] aiming at optimizing the contents of the location areas inside LTE system, e.g. by using hierarchical location areas, or overlapping areas, or distance-based location areas, for the following purposes :

· avoid ping-pong effects at the edge of the location area, 

· minimize the number of paged cells for slowly moving UEs.

· minimize the number of location area update for fast moving UEs

In this contribution, we would like to propose the Virtual Location Area concept as a new candidate scheme also for inter access system mobility management procedures. So far, several such possibilities of mobility management in idle mode across 2G/3G systems and LTE have been discussed in SA2 and gathered in [7].

Among the most promising possibilities, LERA [7], [8] brings some constraints to have LTE Tracking Areas (TA) aligned on 2G/3G Routing Areas (RA) and Location Areas (LA). We thus derived an alternative to LERA based on VLA concept, for which mobility management procedure is no longer needed when leaving any of the RA in the LERA.

3. Proposal

2.1. Concept : Virtual Location Area (VLA)

The concept is summarized as follows

a) the E-UTRA Access Points and UTRA/GSM cells are in separated Tracking Areas.

b) Upon Attach or Routing Area Update (via UTRAN) or Tracking Area Update procedure (via LTE), a dual mode UE is assigned a Virtual Location Area, a list of multiple Tracking Area Identifiers. Unlike LERA, the Tracking Areas inside a VLA needs not be equivalent, nor overlapping.

c) VLA can contain only one UTRA/GSM RA, while it may contain more than one LTE TA.

d) Each individual LTE TA composing the VLA can be of different hierarchy level, the lower hierarchy being the LTE cell.

e) Once assigned a VLA by the network, if UE is not allocated a URA-Id, the UE runs a URA update procedure to UTRAN, if it sees one UTRAN cell. After URA update procedure, UE adds the new URA Id in the VLA. 

f) When periodic URA timer expires, the UE runs a URA update procedure to UTRAN, if it sees one UTRAN cell. After URA update procedure, the new URA Id replaces the old URA Id in the VLA of the UE. If URA timer expires outside of UTRAN coverage, UTRA releases the Iu connection and UE removes the URA-Id from the VLA.

g) When the UE enters a UTRAN cell that do no belong to its assigned URA or RA, the UE does no signaling to the network, provided that it still belongs to a LTE cell inside the VLA.

h) When the UE enters a LTE cell that do not belong to any TA in its assigned VLA, the UE does no signaling to the network, provided that it still belongs to a UTRAN cell inside the VLA.

i) When the UE no longer sees any cell belonging to its VLA, the UE selects the best surrounding cell and normal Tracking (if best cell is an LTE cell) or Routing (if best cell is a UTRAN cell) Area Update procedure is performed.

j) When the mobile is in LTE-idle and a downlink IP packets arrives at the UPE, MME initiates the Paging procedures in all TA contained in the UE VLA, directly via ENB (for LTE TAs) and via SGSN (for UTRAN RA). RNC then propagates the paging to all cells contained in the URA associated to UE identifier.

k) UE listens to the paging channel of any cell in its VLA, which is still visible. When multiple such cells are visible to the UE, it could be left implementation dependent, which cell (e.g. LTE or UTRAN) the UE should listen to.

l) When UE answers to a paging notification, or establishes a data session, it selects any cell in its VLA, which is still visible. When multiple such cells are visible to the UE, it could be left implementation dependent which cell (e.g. LTE or UTRAN) the UE should use to answer the paging notification or to establish the data session.

m) Simultaneous UE Contexts in SGSN and MME are synchronized by SGSN and MME via the SGSN / MME interface.

n) Periodic Routing Area Update is replaced with Periodic Area Update, and flexibility is given to UE to select which Routing or Tracking Area Update procedure should be used at expiration of the timer.

2.2. VLA Management

The attach phase can occur either in 3G or in LTE system. In all cases, the attach request is routed to one available MME (with Flex). The selected MME then 

· requests a user context to HSS, 

· determines the appropriate VLA contents for that UE, e.g. knowing the address of the node (SGSN, ENB) from which the attach request was received.

· Transfers the user context to SGSN if one 3G/2G RA was selected in the VLA

· Order the node from which the attach request was received to confirm the attach to the UE, with P-TMSI (MME-Id) and VLA information (RA-Id  and/or list of TA-Ids).

At reception of VLA information, UE stores the contents of VLA and MME-Id, which will be indicated in later Routing/Tracking Area Update procedures. Then, if VLA includes a TA corresponding to a neighboring UTRAN cell, UE triggers a URA update procedure, so as to get a URA-Id associated to the UTRAN System, which is added to the VLA.
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At Routing Area Update procedure, the UE adds the P-TMSI including the MME-Id to SGSN. From presence of MME-Id, SGSN determines that the UE is a dual mode UE, and forwards the message to the corresponding MME. 

MME then 

· determines new content of VLA, 

· updates the user context in involved SGSNs.

· Order the source SGSN to confirm the routing Area update to the UE, with P-TMSI (MME-Id) and new VLA information (RA-Id and list of TA-Ids).

Thus, SGSN is not involved in VLA management and needs not store the VLA.

At Tracking Area Update procedure, the UE adds the P-TMSI including the MME-Id to ENB. From presence of MME-Id, ENB forwards the message to the corresponding MME. 

MME then 

· determines new content of VLA, 

· updates the user context in involved SGSNs.

· Order the source ENB to confirm the Tracking Area update to the UE, with P-TMSI (MME-Id) and new VLA information.

2.3. Downlink Data flow to an idle mode UE
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Upon reception of Data Notification from UPE, MME sends paging request to each node (ENB, SGSN) controlling cells inside VLA. ENB then pages the UE over it LTE radio interface. SGSN then request the RNC to page the UE. If RNC holds a user context in CELL_PCH or URA_PCH, RNC asks the corresponding 3G-NB to page the UE over 3G radio interface.

If RNC or SGSN no longer holds UE context for the paged UE, then the UE will be paged in LTE cells in which it is still located.

2.4. Summary

The whole concept of VLA for inter access system mobility can be viewed as follows

· Transitions between URA or between RA needs no mobility signaling procedure, provided that UE can still answer a paging notification in a cell of another TA belonging to VLA. The number of mobility management procedures in idles mode can thus be minimized.

2.5. Advantages

· LTE tracking areas can be engineered independently from past 2G/3G RA/LAs.

· Limited number of mobility procedures at the edge of 2G/3G RA/LAs.

· As VLA can contain multiple LTE TAs with different granularities, this brings the possibility to optimize the content of LTE VLA with different implementations, such as overlapping, hierarchical, user-centric, velocity optimized, etc. tracking areas in vendor specific MME algorithm. 

2.6. Drawbacks

· The scheme requires an update of SGSN/GMM to support the signaling of VLA contents and MME-Id fields in the RA Update procedure for dual mode LTE/UTRAN UEs. 

· RNC and SGSN software might be upgraded to reflect the fact that if UE may not answer a paging notification while still being effectively present in its URA and RA (in case it answered the paging notification in LTE cell). 

4. Conclusion
Among the proposals made in [1], one proposal is about LERA (List of Equivalent Routing Areas); in which UE has a context in both LTE and UTRAN systems. According to that proposal, when UE enters a cell, which is not in the LERA, a Tracking Area is performed. In [6], it was clarified that this puts some requirement on having overlapping TA for UTRA.

We believe that it is most impossible to have perfect overlapping of radio coverage conditions across systems operating on different frequency bands, and of different radio nature (WCDMA, TDMA, OFDMA). As a consequence, one can expect many mobility signaling procedures at the edge of each RA.

In contrast, VLA scheme brings few modifications to the LERA scheme, while limiting the number of Tracking Area updates only to the case where all cells in the visibility of the UE no longer belong to the VLA.

Further, and not least, the VLA concept let the flexibility to vendors to optimize the contents of location area to be used dynamically with implementation specific algorithms. This can be effective in reducing the overall amount of signaling by trading the number of Tracking Area Update with the number of paging indication to be treated by MME.

Thus, we would like the above text be incorporated in TR 23.882, as another technology to be investigated.
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