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Introduction

SA2 have worked on the identification of the potential solutions to the problem of limiting signalling due to idle mode mobility between E-UTRA and UTRA/GSM. The issue is described in section 7.6 of 23.882 and solutions to address the problem space have been documented in Annex D.It has been recognized that it is necessary to consider that the UE would be frequently in URA-PCH state to allow for a reduced bearer set up time, so the solutions should also cater for UEs that are in URA-PCH state in UMTS.

This document summarizes the status of this key issue as an input from SA2 to the Joint meeting with RAN groups.

The Key issue

Section 5 of this TR contains the following requirement:

"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."
In this issue, the limiting signalling over the air interfaces is an important issue. The limiting signalling for updating the tracking area (routing area, in case of UTRA/2G) and signalling for paging must be considered together, since the two have a trade-off relationship.

Potential solutions

SA2 has analyzed the problem an so fat is has identified these potential solutions:

a) Do Nothing.

In this solution the terminal context in the network is only located in the network the terminal is currently camping on. As in all other solutions it is possible to utilize various hysteresis based cell selection criteria (thresholds, timer based etc.) in order to minimize the risk that the terminal toggles between different systems.

it may not be the way forward as it is expected that there will be quite a number of dual mode terminals and areas of overlapping coverage where UEs may toggle between the two system, thus generating large amounts of signalling in the network.

b) Common Routeing Area and common SGSN.

Placing the pre/LTE and LTE cells in the same Tracking/Routing area is the basic part of the UMTS/GSM solution. From an implementation point of view, this requires the development core network nodes that support all of the Gb, the Iu-ps AND the LTE/SAE RAN-CN interface (S1).

The "signalling free movement between 2G and 3G" only applies in the "idle" state (GPRS-Standby to PMM idle) and means that the URA-PCH state does not get utilised to its full benefits (i.e.slower transition from camped to active state when the terminal is in UTRAN )

c) Common RAN / CN for E-UTRA / UTRA

This is based on connecting E-UTRA and UTRA cells to the same RNC (or upper node). The terminal would operate using a common upper layer protocol stack for both E-UTRA and UTRA. Only the lower layers would be different depending on which technology the terminal is connected to. In this solution UTRA cells (at least HSxPA capable ones) are supported in the SAE / LTE architecture either using combined E-UTRA / UTRA nodes or using new or modified interfaces between UTRA and E-UTRA nodes. 

This does constrain the E-UTRA architecture since it needs to support UTRA cells, but on the other hand it would natively support the URA-PCH/long lived Iu-ps connections. 

d) Equivalent Routeing Areas and SGSN proxy

This solution is based on this architecture (but not limited to it, as explained in Annex D)
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Figure D.1: architecture overview.

In this architecture, the user plane from the 2G/3G SGSN connects to the User Plane GateWay (AKA UPE) via the GTP-U part of Gn. The control plane part of the Gn interface connects the 2G/3G SGSN to the Control Plane GateWay (AKA MME).

For E-UTRA capable UEs, the SGSN does not send MAP signalling to the HLR/HSS. Instead these functions are proxied across "Gr minus" to the CP-GW. The CP-GW has a Gr reference point between it and the HSS/AAA.

Between the E-UTRA Access Point and the core network (S1 inteface) the same functional split might apply.

The concept of list of Equivalent Routing Areas is then used:

The e-Node-Bs and UTRA/GSM cells are in separate Routeing (Tracking) Areas.Upon Attach and RA update, the UE is "accepted" into multiple, Equivalent Routeing Areas. Typically, one is for E-UTRA and one is for UTRA/GSM. The UE may be allocated different P-TMSIs in the different Tracking Areas. When the mobile moves between LTE-IDLE and an "inactive" UTRA state, the UE does no signalling to the network as long as the new cell is within one of the set of Equivalent Routeing Areas. The "inactive" UTRA states are RRC-IDLE and URA-PCH. Movement to E-UTRA from UTRA by mobiles in URA-PCH does NOT cause the Iu-PS connection to be released. 

If the new cell is in a Routeing Area that is not within the List of Equivalent RAs (LERA) stored in the UE, then the normal RAU procedure is performed.
When the mobile is in LTE-idle and a downlink IP packet arrives at the User Plane Gateway (UP-GW) entity of the GW, then the UP-GW entity contacts the Control Plane Gateway (CP-GW), and the CP-GW initiates the Paging procedure in all of that UE's Equivalent RAIs. 

This solutions allows for overlapping tracking areas between E-UTRA / UTRA and GSM regardless which tracking area concept is used in each technology. And it is possible to assign multiple tracking areas to the terminal, which avoids hard tracking area borders also within each access. On the other hand it requires updates to existing GERAN / UTRAN networks to support the equivalent tracking area concept.

e) UE remains camped on the last used RAT

The main idea of this option is that the mobile continues to remain camped in the technology in which it last did a tracking area update, unless it enters a region where there is no coverage of that particular technology. 

So, the UE is paged in that technology, and then it can perform active mode HO to the other technology if it is operator policy that the other technology should be used. 
In this way, Paging in a single technology alone is required at all times. No additional functionality needs to be added to the network architecture. 

f) Packet Data Bearer Proxy
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In this mechanism the UPE is in the data path of the packet data bearer provided by the 2G/3G SGSN. The UE registers with SGSN and receives TMSI and RA from SGSN. And the UE establishes a packet data bearer, which has the UPE in the data path. A subsequent registration with the MME maintains the TMSI and RA from SGSN and allocates in addition TMSI and RA from MME to UE. The UE remains registered at SGSN and the SGSN at HSS. After this registration with MME the UE may change between 2G/3G access and Evolved RAN without any registration signalling. 

Uplink data the UE may send to the 2G/3G SGSN or to the MME/UPE. Both are in the data path of the UE’s packet bearer service. Downlink data are duplicated by the MME/UPE and duplicates are forwarded to the 2G/3G SGSN so that both SGSN and MME/UPE start paging. Data are then sent by that entity, which receives the paging response from the UE.

In case URA_PCH shall be included in idle state handling an inactivity timer in MME/UPE may be used to decide whether paging is performed on last used RAT or on all RATs. Alternatively, a message from UTRAN to MME/UPE may indicate the transfer to URA_PCH, which causes paging in all RATs instead of URA-only.

g) Inter RAT Resource Allocation
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Figure D.7x: architecture overview.

In this solution the UE registers with the MME/UPE and receives a TMSI, an RAid of the Evolved RAN and an RAid from 2G/3G access. The MME/UPE registers with the HSS. After this registration with MME/UPE the UE may change between 2G/3G access and Evolved RAN without any registration signalling. 

When downlink data arrive at MME/UPE the MME/UPE starts paging in the RA of the Evolved RAN and the MME/UPE requests the SGSN to page the UE within the 2G/3G RA. When the UE responds to the MME/UPE data are sent by the MME/UPE to the UE. When the UE responds to the SGSN a data path is established between MME/UPE and SGSN and data are sent by the SGSN to the UE.

For uplink data transfer the UE request MME/UPE or SGSN, respectively to establish data transfer resources. When the UE camps on Evolved RAN this is straightforward like without this mechanism of reducing idle state signalling. When the UE camps on 2G/3G access the SGSN establishes in addition a data path to the MME/UPE and forwards data received from the UE to the MME/UPE. The SGSN derives the serving MME/UPE from information sent by the UE (e.g. the RA of the Evolved RAN) or the SGSN could receive such information from the MME/UPE already during the UE’s registration.

In case URA_PCH shall be included in idle state handling an inactivity timer in MME/UPE may be used to decide whether paging is performed on last used RAT or on all RATs. Alternatively, a message from UTRAN to MME/UPE may indicate the transfer to URA_PCH, which causes paging in all RATs instead of URA-only.

h) Combined MME/SGSN alternative
This alternative optimizes signalling through the combination of the MME and 2G/3G SGSN functions, with the opportunity to:

· Allow a single UE registration in both 3G and SAE domains, with a single interaction with the HSS/HLR and no new signalling for coordination between 3G and SAE network entities.

· Reduce Idle mode signalling, as a list of Equivalent RA is provided to the UE so that the UE can move between 3G/SAE technologies without RA/TA Update signalling.

· Establish Down Link data bearers, through parallel paging in both 3G and SAE domains. List of Equivalent RA also ensures the URA-PCH UE is paged regardless of whether it is in 3G or SAE coverage. 

This alternative is facilitated in an architecture where MME and UPE are separated.

This alternative is summarized in the following figure:

[image: image1.wmf]UE

A

P

N

b

RNC

SGSN

Iu

Iub

UP

-

GW

UP

-

GW

Iu’

GTP

-

U

+

GTP

-

U

+

GTP

-

U

A

P

AAA

Gr 

Gi

Gi

CP

-

GW

Gn

+ 

& 

Gr

-

GTP

-

U

i) User-IP layer interconnection


[image: image4.wmf] 

HSS

 

Evolved RAN

 

S

1

 

Gi

 

GERAN

 

UTRAN

 

Gb

 

Iu

 

MME/

 

UPE

 

Inter

-

AS 

 

MM

 

G

r

 

SGSN

 

GGSN

 

S3

 

S4

 

G

n/Gp

 

S5

 


Figure D.9: architecture overview.

In this mechanism the Inter-AS MM is the mobility anchor using IP based mobility mechanism (e.g. Mobile IP and any enhancement of it) and is located within the data path of the packet data bearers provided by both 2G/3G and LTE system. 
The UE subsequently registers with both 2G/3G PS domain and MME/UPE, and receives two TMSIs and RAs. Accordingly, two different local IP addresses IPLocal are allocated to the UE for each access system (i.e. 2G/3G PS domain and SAE/LTE network). The global IP address IPGlobal shall be allocated as well by the Inter-AS MM (e.g. HA when MIP is used as mobility protocol). IPlocal allocated by the 2G/3G PS domain shall be reported to the inter-AS MM and used as the default query address (i.e.Care-of-Address for MIP) of the UE. The UE may remain registered at SGSN and the SGSN at HSS. After this registration with both 2G/3G and LTE system, the UE may change between 2G/3G access and Evolved RAN without any more registration signalling. 
Uplink data the UE may send out directly via 2G/3G PS domain or MME/UPE. Downlink data shall be delivered by the inter-AS MM to the GGSN. Then the 2G/3G PS domain can send paging request to MME/UPE so that both SGSN and MME/UPE can start paging. The paging response from the UE shall cause the query address IPLocal binding updating to this entity, which receives this paging response and shall send out data later.
Conclusion

SA2 has not reached final conclusion on this item. It would be beneficial to discuss the item in the joint meeting.
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