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Introduction

This paper describes two alternative mechanisms that limit idle state signalling from UEs that reselect between 2G/3G and LTE access systems.

The proposed changes to the TR are an update for the list of alternatives in 7.6.2. And the two descriptions of alternatives are added to annex D.

Proposal

7.6
Key issue: Limiting signalling due to idle mode mobility between E-UTRA and UTRA/GSM 

7.6.1
Requirement

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.

7.6.2
Potential Solutions

The following solutions/concepts have been identified so far:

a)
Separate Routeing Area/Do nothing

b)
Common Routeing Area/Common SGSN

c)
Common RNC

d)
Equivalent RAs and SGSN proxy

e)
UE remains camped on the last used RAT
f)
Packet Data Bearer Proxy

g)
Inter RAT Resource Allocation
Other potential solutions might be identified in the future. Further information on the above solutions is included in Annex D "More detailed descriptions of potential solutions for limiting signalling due to idle mode mobility between E-UTRA and UTRA/GSM ".

D.2.6
Packet Data Bearer Proxy

D.2.6.1
Architectural overview

The description of this mechanism is based on the picture shown below.
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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. 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 sent by that entity, which receives the paging response from the UE.

D.2.6.2
Information flow: registration and downlink data transfer
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0)
In case the UE performs its first registration with MME/UPE this is performed as without any optimisation for limiting idle state signalling. The mechanism starts when the UE registers with the 2G/3G SGSN, e.g. because of selecting 2G/3G access.
1)
The UE registers with the 2G/3G SGSN.

2)
The 2G/3G SGSN registers at HSS and retrieves subscriber data, e.g. authentication data.

3)
In case of successful authentication/authorisation the SGSN accepts the UE registration.

4)
The UE request the establishment of the default IP bearer service if not already established. The packet bearer service is established by the SGSN towards the MME/UPE. The MME/UPE establishes the packet bearer service towards the inter AS MM. As a result of the IP bearer service establishment the MME/UPE is in the data path of the packet bearer service provided by the SGSN.

5)
The UE changes to the Evolved RAN.

6)
The UE sends a registration request to the MME/UPE and sends old TMSI and old RA.

7)
The MME/UPE requests subscriber data from SGSN. The SGSN address is derived from old TMSI/RA. The UE is identified by old TMSI/RA.

8)
The MME/UPE confirms the registration and allocates new TMSI/RA to the UE. And the MME/UPE sends the old TMSI/RA to the UE for the 2G/3G SGSN. The 2G/3G SGSN remains registered at HSS. The UE may change between 2G/3G and LTE access without network registration.

9)
Downlink data arrive at MME/UPE.

10)
The MME/UPE stores data and forwards duplicates to the SGSN.

11)
The SGSN pages the UE in the 2G/3G RA.

12)
The MME/UPE pages the UE in the RA of the Evolved RAN.

13a)
In case the UE responds to the SGSN the SGSN sends data to the UE in step 14a).

13b) 
In case the UE responds to the MME/UPE the MME/UPE sends data to the UE in step 14b).

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. 


D.2.6.3
Advantages

1. Allows UEs to be registered in Tracking Areas of E-UTRAN, UTRAN and GERAN, which reduces signalling for idle state UEs.

2. Can be applied without modifying 2G or 3G SGSNs. 
3. Can handle URA_PCH as idle state allowing for fast transitions from camped to active state when the UE is on UTRAN.
4. Allows to limit updates by UEs at TA borders by overlapping TAs or by confirming multiple TA at least for SAE/LTE (for 2G/3G see drawbacks).

5. Does not require Gr (MAP) at the SAE entities.

D.2.6.4
Drawbacks

1. Some potential limitations as subscriber control and registration with HSS remains on SGSN and control on SAE entities is via bearer service control. The specific limitations are FFS.
2. Some modification of the SGSN (multiple TA in update confirmation) needed to further improve the amount of idle state signalling reduction.
3. Some modification of the SGSN and RNC (signalling of transition to URA_PCH to SAE entity) needed to further improve the amount of idle state signalling reduction if URA_PCH is handled as an idle state.
D.2.7
Inter RAT Resource Allocation

D.2.7.1
Architectural overview

The description of this mechanism is based on the picture shown below.
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Figure D.x: architecture overview.

The UE registers with the MME/UPE and receives a TMSI, an RA of the Evolved RAN and an RA 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. 

D.2.7.2
Information flow: registration and uplink/downlink data transfer
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0)
In case the UE performs its first registration with 2G/3G this is performed as without any optimisation for limiting idle state signalling. The mechanism starts when the UE registers with the MME/UPE, e.g. because of selecting LTE access. Alternatively, the SGSN may confirm 2G/3G TMSI/RAs and Evolved RAN TMSI/RAs to the UE. This allows the UE to change between 2G/3G and LTE in idle state without any update signalling. This alternative requires SGSN modifications.
1)
The UE request registration at the MME/UPE.

2)
The MME/UPE registers at HSS and retrieves subscriber data, e.g. authentication data.

3)
In case of successful authentication/authorisation the MME/UPE accepts the UE registration and sends TMSI and RAs from Evolved RAN and from 2G/3G access to UE. In case this is the network attach the UE is provided with the IP configuration. This step may include communication between MME/UPE and SGSN to derive 2G/3G RA and TMSI and to establish a UE context in the SGSN.

4)
The UE camps on 2G/3G access and needs to transfer uplink data. It performs the Service Request Procedure in case it camps on 3G access.

5)
The SGSN establishes a data path with the MME/UPE that serves the UE. The data path may be established by existing or by enhanced Gn procedures. The address of the MME/UPE may be stored by the SGSN in an UE context, which is established in step 3. The UE may be authenticated by the SGSN.

6)
The SGSN initiates the RAB establishment.

7)
The UE sends uplink user data to the SGSN, which the SGSN forwards to MME/UPE.

8)
Downlink data arrives at MME/UPE.

9)
The MME/UPE pages the UE in the RA of the Evolved RAN and the MME/UPE request the SGSN to page the UE in the 2G/3G RA.

10a)
In case the UE responds to the SGSN the SGSN establishes a data path with the MME/UPE in step 11a) and the MME/UPE sends user data to the UE via SGSN in step 12a). The data path may be established by existing or by enhanced Gn procedures.
10b) 
In case the UE responds to the MME/UPE the MME/UPE sends user data to the UE in step 121).

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. 


D.2.7.3
Advantages

1. Allows UEs to be registered in Tracking Areas of E-UTRAN, UTRAN and GERAN, which reduces signalling for idle state UEs.

2. Can handle URA_PCH as idle state allowing for fast transitions from camped to active state when the UE is on UTRAN.

3. Allows to limit updates by UEs at TA borders by overlapping TAs or by confirming multiple TAs for every RAT to the UE.

4. Does not require Gr (MAP) at the SAE entities.

D.2.7.4
Drawbacks

1. Some modification of the SGSN needed (multiple TA in update confirmation, interaction with MME/UPE).
2. Some modification of the SGSN and RNC (signalling of transition to URA_PCH to SAE entity) needed if URA_PCH is handled as an idle state.
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