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Introduction
This contribution suggests a new proposal to reduce over the air signalling during inter-RAT mobility while avoiding new signalling procedures. In this proposal:

· MME is co-located with the 2G/3G SGSN so that signalling coordination is not necessary between the SAE and legacy 3GPP networks

· Updating of the HSS is not necessary since the HSS interface is used once
· The proposal is also based on the use of Equivalent RA proposal so that Idle mode signalling is reduced
· Changes to legacy SGSN are minimized.
Discussion
The following changes are proposed to the TR:
D.2.x
Combined MME/SGSN
D.2.x.1
Architectural overview

This mechanism is based on the architecture where MME is separated from UPE and where MME is co-localised with 2G/3G SGSN to reduce over the air signalling between 2G/3G and SAE MME, avoiding unnecessary Mobility and messages for Paging coordination. This will also result in a reduction in signalling with the HSS.

This proposal is based on the concept of Equivalent RA and is also valid when SAE UPE is separated from the Anchor.
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Figure D.x: architecture overview.

In this mechanism the UPE is in the data path of the packet data bearer provided by the 2G/3G SGSN.

If the UE is under 2G/3G coverage, the UE registers with SGSN and receives TMSI and RA and an Equivalent RA from SGSN. If the UE was under SAE coverage and registered with the MME, it would have received the same TMSI and TA and list of Equivalent RA from the MME. After the UE has completed it’s registration with the HSS via MME/SGSN during either the RA update procedure or network attachment, the MME/SGSN includes the List of Equivalent RA (LERA) in the confirm message to the UE. 
When the UE registers with the Combined SGSN/MME the HSS is updated and a default packet bearer is established between the Combined SGSN/MME and the UPE/Anchor. The UE remains registered at the combined SGSN/MME until it changes Pool Area. 
After one registering in one Domain, the UE may move between 2G/3G access and Evolved RAN in IDLE mode without any signalling due to presence of same Equivalent RA under the two Domains.
If the UE was last in 2G/3G SGSN coverage and a downlink data arrives in UPE, DL PDU are duplicated and duplicates are forwarded to the Combined SGSN/MME. If the UE was last in SAE coverage and a downlink data arrives in UPE, paging request is sent to MME.

If the UE is in IDLE mode the Combined SGSN/MME initiates paging procedure: MME sends paging to the eNodeB according to the TA of last known Equivalent RA, SGSN sends paging to RA of Equivalent RA. If the SGSN receives the Paging response, data is sent by that entity. If the paging response is received by the MME, the MME establishes UP between Access node and UPE and data is forwarded to Access node.
The paging response might be a Routing or Tracking area (if the UE had changed access technology) and if so this proposal avoids new signalling to the HLR which minimizes the time required to buffer the downlink packet which triggered the paging.

D.2.x.2
Downlink data flow to an "inactive" UE

When downlink packets are received at the UPE and the UE is in LTE-Active state, a (virtual) connection between the UPE and the eNodeB may already exist for the UE. If such a connection exists, the UPE sends the packets directly to the eNodeB. 

After the expiry of the LTE-Active State Timer in the eNodeB, the eNodeB will inform the MME which will then remove the bearer connection between them eNodeB and UPE. . No user plane transmission path between the eNodeB and UPE exists for the UE.
When a downlink packet arrives the procedure described below applies:
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1 A LTE-capable UE performs a registration with the SGSN if under 2G/3G coverage or with the MME if under SAE coverage. 

2 The SGSN/MME registers at HSS and retrieves subscriber data.

3 In case of successful authentication/authorisation, the SGSN/MME accepts the UE Registration.

4 If the UE is under 2G/3G coverage, it activates a default PDP Context, the SGSN interface with UPE to establish the bearer plane. If the UE is under SAE coverage, default bearer is defined with UPE. The UPE knows in which combined SGSN/MME node the UE camps.

5 The UE moves to IDLE mode. SAE Default bearer is released if present. The UE moves between access types (from 2G/3G to SAE or from SAE to 2G/3G) without exchanging new signalling with the Network.

6 Downlink data arrives at UPE
7 If a tunnel exists with the SGSN, the UPE stores downlink packets and forwards duplicates to the SGSN and initiates a Paging procedure with the MME.
8 If there is no tunnel with the SGSN, the UPE stores downlink packets and initiates a paging procedure with the SGSN/MME.
9 Paging takes place in the two Domains (2G/3G and SAE) in parallel. The UE is paged on each of the E-UTRA, UTRA and 2G Cells that are contained within the list of Equivalent RAIs allocated to the UE. If an Iu connection for this UE exists in the SGSN, the SGSN forwards the packets to the RNC to allow it to page the mobile and handle URA_PCH or CELL_PCH states.
10 a) and b): When the UE receives the Paging message it responds with the Service Request/Cell Update message (or E-UTRA equivalent) in the respective domain.
11 In case the UE responds to the SGSN, the SGSN sends data to the UE in step 11a. In case the UE responds to the MME, the bearer plane between eNodeB and UPE is established and the UPE forwards the IP packet buffered for the UE to the eNodeB in step 11b. If the UE changed access technology, the response will probably be either a Routing/Tracking Area Update but there is no need for the combined MME/SGSN to update the HLR, thus saving some signalling.
D.2.x.5
Summary

It is believed that, the description given above in Annex D, section D.2.x shows that this mechanism can limit "inactive mode signalling". 

Upgrades to existing equipment are avoided through combination of MME with 2G/3G SGSN.
D.2.x.6
Advantages

Editor's Note: this list was prepared with respect to "Solution A" in section D.2.4.4.1.

1. Changes to Legacy SGSN are minimised (Equivalent RA configuration)
2. UE is paged by the SGSN and also in Equivalent RA by the MME allowing reaching UE which have change access technology in URA-PCH state.

3. Reduces user plane latency ( paging in all access technologies occurs in parallel)

4. Reduction in session setup time when transitioning from IDLE to ACTIVE as there is less interaction with the HLR.
5. Limits IDLE mode signalling due identical Equivalent RA configuration
6. Allows overlapping tracking areas between E-UTRA / UTRA and GSM regardless which tracking area concept is used in each technology, which reduces signalling.

7. It is possible to assign multiple tracking areas to the terminal, which avoids hard tracking area borders also within each access.

8. A unique interface with the HLR is needed. There is no new registration with the HLR during inter-access mobility.

D.2.x.7
Drawbacks

Editor's Note: this list was prepared with respect to "Solution A" in section D.2.4.4.1.

1. Requires addition of MME features with SGSN
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