3GPP TSG RAN WG3 Meeting #51
R3-060272
Denver, Colorado, U.S., 13th – 17th February 2006
Source:
Siemens

Title:
On Inter-RAT mobility for UEs in inactive modes
Agenda item:
12.13.6
Document for:
Discussion & Approval
1
Introduction

This paper discusses the schemes elaborated in SA2 for limited signalling for Inter-RAT mobility in IDLE mode and reviews the implications of the desire to extend these schemes to support limited signalling for UEs in URA_PCH state.

2
Discussion

2.1
Inter-RAT Mobility Architectures to be considered

2.1.1
Current Status of the key issue “Limiting signalling due to idle mode mobility between E-UTRA and UTRA/GSM”

Work on the key issue “Limiting signalling due to idle mode mobility between E-UTRA and UTRA/GSM” (see [1]) is based on the corresponding requirement which is captured in [1] as follows:

"The SAE/LTE system shall provide effective means to limit mobility related signalling during inter-RAT cell-reselection in LTE_IDLE state. For example, with similar performance to that of the “Selective RA Update procedure” defined in TS 23.060."
The following solutions/concepts have been identified so far (numbered according to the chapters in Annex D of [1] where they are described):

D.2.1)
Separate Routeing Area/Do nothing

D.2.2)
Common Routeing Area/Common SGSN

D.2.3)
Common RNC

D.2.4)
Equivalent RAs and SGSN proxy

D.2.5)
UE remains camped on the last used RAT

D.2.6)
Packet Data Bearer Proxy

D.2.7)
Inter RAT Resource Allocation

These options have been elaborated in Annex D of [1] and are summarised below:

D.2.1)
Separate Routeing Area/Do nothing

According to [1], this option does not meet the requirements to minimize the signalling due to idle mode mobility between E-UTRA and UTRA/GSM and is not further elaborated in that paper. It is assumed that the debate on that option is closed already.
D.2.2)
Common Routeing Area/Common SGSN

This option seems to be defamed by the fact that it would require to develop CN nodes  support Gb, Iu and eNodeB(aGW which does not seem to be the preference of many companies. 

Further, it seems to contradict architectural assumptions in [1] (see there Figure 4-2.1).

Further this option does not follow the requirement (that needs to be clarified by SA1) to support RAT specific roaming restrictions.

D.2.2 is not further elaborated in that paper.
D.2.3)
Common RNC
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Figure 1. Option D.2.4

In order to provide tight and efficient interworking possibilities between 3G-pre-LTE and 3G-LTE access, a common RNC is defined controlling NodeBs and eNodeBs utilising common “higher layer” protocols with RAT specific “lower layers”. 

One can see that this option is not compliant with the “converged architecture” figure shown in Figure 4.2-1 in [1], where the “GPRS Core” (providing access to UTRAN and GERAN) is separated from the Evolved Packet Core (providing access to the Evolved RAN) via interface S3 (and probably via S4 in addition, which is FFS).

If the requirement to support limited signalling during inter-RAT cell-reselection in LTE_IDLE state is applied to the architecture assumed in option D.2.3 for 2G access as well, the architecture depicted in Figure 1 does not work, as selective RAU requires a common SGSN supporting Iu and Gb interface. On the other hand this would mean, limited signalling needs to be supported for 2G as well, similar schemes as in D.2.4, D.2.6 or D.2.7 need to be defined, even for the interworking between pre-LTE RATs. 

The only way to support selective RAU between Iu and Gb access in option D.2.3 is to combine the support of 2G/3G/LTE access in one “very big node” supporting Gb, Iu and S1 interfaces, which can be debated but does not seem to be in line with migration strategies of all operators. PLMN-wide deployment of LTE-access according to this interworking scheme would require massive changes in existing networks.

Further, this option does not follow the general trend, supported by a big majority of companies, to move LTE-RRC function towards the E-UTRA edge, which would make it impossible to utilise a common “higher layer” stack.

Further this option does not follow the requirement (that needs to be clarified by SA1) to support RAT specific roaming restrictions.

For those reasons this option is not further elaborated in this paper. Moreover, it is proposed to close the debate on that.
D.2.4)
Equivalent RAs and SGSN proxy
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Figure 1. Option D.2.4

The main idea of this concept is to keep the UE registered in separate Routing/Tracking Areas, i.e. the LTE cells are within TAs, the 2/3G cells within RAs. The UEs receive upon attach/area- update (which can be performed in any of the 3GPP RATs) a List of Equivalent RA/TAs (LERA) and does not need to register unless it discovers that it has left one of the areas indicated in the LERA. No mobility signalling is necessary if the UE moves between cells of different RATs without leaving the areas indicated in the LERAs.

It shall be possible to keep UEs in URA_PCH while roaming in 2/3G access and E-UTRA, this is debated lateron.

Session Management handling

SGSN and MME/UPE handle SM independently. Synchronisation between SM (and PMM) contexts in the SGSN and the SAE-MME/UPE is therefore necessary and involves UE (NAS) protocols as well.

Area Update handling

The SAE-MME handles the provision of the LERA in a centralised way, i.e. RAUs from 2/3G access whereby 2/3G-SGSN passes the registration towards the SAE-MME which starts the dialogue to the HSS if necessary.

For Paging, 2 possibilities are considered:

Solution A)

Paging is performed via the SAE-UPE, which holds the information via which tunnel UP packets have been sent at the last communication with the UE as well as the LTE-state (active or idle). Initial paging in LTE_IDLE is performed via the last tunnel.

If the last tunnel was towards to 2/3G SGSN the UPE forwards the packet to it and if the UE is in 3G in an inactive state (IDLE or URA_PCH or STANDBY), the RNC (in case an Iu exists) or the SGSN (in case no Iu exists) returns a copy of the packet to the UPE and causes the SAE/LTE system to page the UE via LTE access.

If the last tunnel was towards an eNodeB, the MME is contacted by the UPE and pages all eNodeBs and SGSN in the last known areas.

Solution B)

Without specialised handling wrt the last used tunnel, central paging from MME, triggered by UPE upon an incoming DL packet, UP connection established towards the access network where the UE responses to paging.

Impacts on baseline CN Architecture

- PMM/SM synchronisation handling via NAS and on 2/3G-SGSN(SAE-MME interface

- LERA handling on NAS and on 2/3G-SGSN(SAE-MME interface

- paging solution A): specialised inter-RAT paging handling

- paging solution B): PS paging via established Iu-ps

Impact on baseline RAN Architecture

- paging solution A): specialised inter-RAT paging handling

- paging solution B): PS paging via established Iu-ps

Impact on terminals used in the existing architecture

none so for identified

D.2.5)
UE remains camped on the last used RAT

This options seem to put restrictions on the idle mode mobility to the UE and has some disadvantages for the setup time. It is therefore not further elaborated in that paper.
D.2.6)
Packet Data Bearer Proxy
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Figure 2. Option D.2.6

This option foresees the SAE UPE to be in the datapath towards the 2/3G SGSN. The configuration with an HSS connected to the 2/3G MME/UPE (SGSN) only, depicts the case where the UE already performed registration procedures via 2/3G access, if the UE registers first to the SAE MME/UPE, this is performed without optimisation.

Session Management handling

The packet bearer service is always established towards the MME/UPE (and towards the intersystem mobility anchor). No synchronisation of SM entities in 2/3G SGSN and SAE MME/UPE is necessary.

Area Update handling

The UE needs to register to the SGSN and the MME separately at each area change. Assuming the UE to be registered to the SGSN and MME, it requests the area update including the RA(TA)/TMSI from the other MM entity to allow the MM entity that performs the update procedure to validate the RA(TA)/TMSI.

This can be of course improved if TA-update and RA-update is performed via a single procedure once the UE discovered either a TA- or a RA-change, however this requires topological alignment of TAs and RAs and handling of LERAs.

If the UE is only registered to either the SGSN or the MME, normal operation takes place, including HSS handling without proxying HSS dialogues.

Paging
MME/UPE centralised paging is foreseen, SGSN receives duplicates of user packets and starts paging in 2/3G access. UP Data is then forwarded to that entity that signals the UE’s paging response.

Impacts on baseline CN Architecture

- modifications to area update procedures to be able to include several TMSIs/areas.

- identity request procedures on 2/3G-SGSN(SAE-MME interface

Impact on baseline RAN Architecture

none identified so far

Impact on terminals used in the existing architecture

none identified so far

D.2.7)
Inter RAT Resource Allocation
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Figure 3. Option D.2.7

This option forsees the SAE UPE to be in the datapath towards the 2/3G SGSN. The configuration with an HSS connected to the 2/3G MME/UPE (SGSN) only, depicts the case where the UE already performed registration procedures via LTE access, if the UE registers first to the 2/3G SGSN, this is performed without optimisation.

Session Management handling

No synchronisation of SM entities in 2G/3G SGSN and SAE MME/UPE is necessary. The packet data bearer between UPE and 2/3G SGSN is established on demand, if UE requests a service via 2/3G access.

Area Update handling

The UE needs to register to the SGSN and the MME separately at each area change. Assuming the UE to be registered to the SGSN and MME, it requests the area update including the RA(TA)/TMSI from the other MM entity to allow the MM entity that performs the update procedure to validate the RA(TA)/TMSI.

This can be of course improved if TA-update/RA-update is performed via a single procedure once the UE discovered either a TA- or a RA-change, however this requires topological alignment of TAs and RAs and handling of LERAs.

If the UE is only registered to either the SGSN or the MME, normal operation takes place, including HSS handling without proxying HSS dialogues.

Paging
MME/UPE centralised paging is forseen, SGSN receives a paging request from the MME/UPE starts paging in 2/3G access. UP Data is then forwarded to that entity that signals the UE’s paging response.

Impacts on baseline CN Architecture

- modifications to area update procedures to be able to include several TMSIs/areas.

- identity request procedures on 2/3G-SGSN(SAE-MME interface

Impact on baseline RAN Architecture

none identified so far

Impact on terminals used in the existing architecture

none identified so far

2.2
Discussion of the LTE_IDLE – URA_PCH mobility along the Mobility Architecture proposals

In the following, architectures D.2.4, D.2.6 and D.2.7 are discussed, the others have been already ruled out in the previous chapters.

2.2.1
LTE_IDLE – URA_PCH mobility in D.2.4
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Figure X. Option D.2.4.

Option D.2.4 receives another complexity dimension in allowing the UE to stay in an inactive RRC state while moving around in 2G-Standby and LTE_IDLE state – controlled in a centralised way by the SAE MME.

Area Update handling

General

In order to fulfil the requirement for limited mobility signalling for UEs in URA_PCH and LTE_IDLE, URA, RA and TA need to be aligned topologically, i.e. if the UE leaves its current area into the neighbour area performing an area update via the respective RAT, it shall be possible to perform inter-RAT cell-selection towards a cell of another RAT which is member of an area equivalent of that neighbour area without performing any mobility signalling.

It is further assumed, that selective RA (i.e. limited signalling for 2G-3G mobility) is not extended to support limited mobility signalling for UEs in URA_PCH and STANDBY state.

Special attention is paid on handling of periodic area updates:

It is assumed that the UE returns to RRC_Idle, if it does not perform an URA_Update before the respective RRC timer supervising the periodic update and the “in service” state has expired. If this behaviour is not desired, the SAE MME, handling area updates in a centralised node needs to contact the Serving RNC in case the UE performs an area update in the 2G or LTE RAT in order to reset the RRC supervising timer(s). The Area Update regardless in which RAT it was performed need to include therefore a List of Equivalent RA/TAs (LERA) containing among TA/RA and TMSIs the U-RNTI and the last URA.

The same principle of contacting the entities controlling UEs mobility needs to be applied for the 2/3G SGSN in order to avoid the PPF (Paging Proceed Flag) to be reset (which is controlled by a timer supervising periodic RAU (“mobile reachable timer”)).

URA Updates will need to be performed “RRC-wise”, as the SAE MME is not expected to handle the UE’s RRC state machine for the Serving RNC. However, URA Updates need to be communicated towards the SAE MME. In case an HSS dialogue is necessary, the timer supervising the URA_UPDATE procedure might be an issue (T302, default value 4 seconds).

IDLE/Inactive handling when returning from ACTIVE:

Another issue would be to allow the same mobility behaviour when the UE has returned to IDLE/inactive after having been in ACTIVE mode. In 2/3G, a RAU is performed, even after an SRNS relocation, so selective RAU works throughout all scenarios.

In SAE/LTE, the same principle can be followed, however, if the UE remains in ACTIVE in the same RAT for a longer period of time than the periodic update timers are configured, the respective context in the SRNC will turn from URA_PCH to IDLE unless mobility caused the reset of the supervising timer (note, that for LTE_ACTIVE mobility between nodes hosting the RRC context of the UE, Tracking Area Update is assumed).

The figure below depicts all possibilities of area updates within a 2G/3G/LTE-SAE system.
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2.2.2
LTE_IDLE – URA_PCH mobility in D.2.6 and D.2.7

In principle, options D.2.6 and D.2.7 work in the same way as Option D.2.4 however, the only difference is that the UE needs to perform an area update via each RAT explicitly, i.e. the UE is kept registered in the old area of the other RATs until it performs inter-RAT cell change there and has to perform an area update. 

2.3
Summary

Focusing on D.2.4, D.2.6 and D.2.7, it can be stated, that all proposals have their pros and cons and it will be hard work to justify the selection of on scheme, most probably a mixture of all 3 would approach an optimum (in a to be defined sense). Many assumptions have to be made, but it is assumed that the level of detail will be increased at next SA2 meetings.

All 3 proposals support limited signalling as required, i.e. once the UE is registered in topologically overlapping TAs/RAs no mobility signalling is performed due to inter-RAT cell-reselection.

Upper layer (NAS) protocols will have to modified to exchange multiple TAs/RAs (one per RAT) and multiple temporary UE Id’s.

Support of limited signalling for URA_PCH as for LTE_IDLE, RRC_IDLE and STANDBY is possible and seems to be equally complex for all scenarios.

Handling of security contexts is an issue for all proposals, in case to CN nodes are involved and the requirement shall be kept, synchronisation of contexts avoiding HSS dialogues (invalidating key sets) would be beneficial.

3
Proposal

It is proposed to follow the assessment in this paper and to rule out mobility options D.2.1, D.2.2, D.2.3, and D.2.5

It is further proposed to capture the discussion part in the RAN3 internal TR R3-018.

4
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