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Introduction
Currently, Means of limiting signalling due to idle mode mobility between E-UTRA and UTRA/GSM has been documented in TR 23.882, This paper proposes a solution for the issue under the concept of Equivalent RA and SGSN Proxy between E-UTRAN and UTRAN/GERAN. 

Discussion
It is required that “The SAE/LTE system shall provide effective means to limit mobility related signalling during inter-RAT cell-reselection in LTE_IDLE state.” This paper believes the solution under the concept of Equivalent RA and SGSN Proxy could be a good way to meet this requirement.
As described in Clause D.2.4 of TR23.882, the solution under the concept of Equivalent RA and SGSN is based on the following architecture.
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Figure D.1: architecture overview.

when downlink data arrive at UP-GW, if the “LTE Active or not” flag in UP-GW indicates “ not LTE-Active “, and the "last used tunnel" flag in the UP-GW indicates the UE was last in the coverage of the SGSN, then the UP-GW sends the downlink packet data to the UTRA/GERA SGSN without concerning if UE is in PMM-Idle /GPRS-Standby state or PMM-Connected /GPRS-Ready state. E.g. When downlink data arrive 3G SGSN, if UE is in PMM-Idle state, the SGSN initiates paging for the UE and immediately returns a copy of the Packet to the UP-GW with an indication that parallel "paging in a wider area" is required. UP-GW receives the packet data with "paging in a wider area" indication will then initiates paging in other AP(s) within the equivalent routeing area. 
The existing method has some drawbacks:

1) If UE is in 2G/3G Idle mode, UP-GW doesn’t know the exact MM state, until the packet data are sent back from SGSN, which reduces the paging efficiency.

2) The packet data may be very huge and the data rate may be high, in which condition, SGSN needs to handle/transfer large packet data. 

There are two ways to avoid the drawbacks above by making sure if UP-GW needs to send packet data to SGSN, when downlink packet data arrives UP-GW.

1) Push mode

For E-UTRA UEs, GMM and SM contexts in the SGSN and the CP-GW are synchronised. When UE’s MM state is changed, CP-GW may send Equivalent MM state update message to UP-GW. UP-GW will update the Equivalent MM state” flag which is associated with PDP context in UP-GW according this message. If the “Equivalent MM state” flag indicates “Equivalent Connected state”, UE may be in LTE-ACTIVE State，or PMM- CONNECTED State/GPRS-READY State, UP-GW will send the packet data to the other nodes of the current tunnel, If the “Equivalent MM state” flag indicates “Equivalent Idle state”, UE may be in LTE-IDLE State or PMM- IDLE State/GPRS-STANDBY State and UP-GW will send a paging request to CP-GW, CP-GW will send paging message to all the APs and SGSN which are part of ERAs that are allocated to UEs.

The paging procedure in push mode is as following, referring to figure 1:

1) UE is in 3GPP Equivalent idle state.

2) Downlink data arrive UP-GW

3) UP-GW sends paging request to CP-GW

4) CP-GW sends paging message to each E-UTRA, UTRA/2G cell which is part of the Equivalent routeing area.

5) When UE receives the paging message, it responds with the Service Request/Cell Update message (or E-UTRA equivalent). When the UE receives the Paging message In EUTRA this message contains enough information for the AP to gather the context for the UE (either directly from the last registered AP or from the CP-GW). In UTRA/2G, the SGSN indicates to the CP-GW that the mobile has responded to paging.
6) CP-GW sends paging response to UP-GW，which indicates if UE is now in coverage of UTRA/GERA

7) User plane connection will be established between UP-GW and UE ( User plane connection could be controlled by the CP-GW). 
8) When the connection is created to the UP-GW the IP packet buffered for the UE is sent on the connection to the AP (or SGSN). 

9) UP-GW sends downlink packet data UE via AP or SGSN.
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Figure 1 Push mode Paging procedure

2) Pull mode

In this mode, when downlink packet data arrives UP-GW, UP-GW knows whether UE is in LTE-Active or not. If UE is not in LTE-Active, the paging procedure as following, referring to figure 2:

1) downlink data arrive UP-GW;

2) UP-GW sends paging request to CP-GW

3) CP-GW checks UE MM states, if UE is in PMM-CONNECTED State/PMM-READY State，then go to step 6，if UE is in PMM-IDLE State/GPRS-STANDBY State or LTE-IDLE State, then go to step 4

4) CP-GW sends paging message to each E-UTRA, UTRA/2G cell which is part of the Equivalent routeing area.

5) When UE receives the paging message, it responds with the Service Request/Cell Update message (or E-UTRA equivalent). When the UE receives the Paging message In EUTRA this message contains enough information for the AP to gather the context for the UE (either directly from the last registered AP or from the CP-GW). In UTRA/2G, the SGSN indicates to the CP-GW that the mobile has responded to paging.
6) CP-GW send paging response to UP-GW，which indicates if UE is now in coverage of UTRA/GERA

7) User plane connection will be established between UP-GW and UE (User plane connection could be controlled by the CP-GW). 
8) When the connection is created to the UP-GW the IP packet buffered for the UE is sent on the connection to the AP (or SGSN).

[image: image3.wmf]UE

RNC

/

B

SC

E

-

UTRAN

2

G

/

3

G 

SGSN

CP

-

GW

UP

-

GW

8

) 

Downlink data

2

）

 Paging

4

）

Paging

5

）

 Paging response

7

）

User plane Connection established

1 

Downlink data

6

）

Paging response

4

）

Paging

3

）

 CP

-

GW checks MM 

state

5

）

 Paging response

7

）

User plane Connection established


Figure 2 Pull mode Paging Procedure
Both of the above method may avoid the drawbacks which bring by the existing paging method, but the former method need more signalling than the latter that CP-GW need notice UP-GW whenever UE’s MM state transfers between active mode and idle mode. 

In the pull method, UP-GW doesn’t need to know the exact MM state of UE before the packet data arrives, only the first arriving downlink data for UE would initiate paging procedure. UP-GW doesn’t send the packet data out until it receives paging response from CP-GW. 
Proposal
This paper proposes to add the paging method based on the said pull mode into the TR23.882 

D.2.4.3
Downlink data flow to an "inactive" UE
D.2.4.3.1 Solution A
When downlink packets are received at the UP-GW and the UE is in LTE-Active state, a (virtual) connection When between the UP-GW and the AP may already exist for the UE. If such a connection exists, the UP-GW sends the packets directly to the AP. 

After the expiry of the LTE-Active State Timer in the AP, the AP and UP-GW release the connection between them for that UE. No user plane transmission path for the UE exists for future packets received in the downlink. 

When a downlink packet arrives the procedure described below is applied:

The UE may be in LTE-Active state as a result of signaling between UE and the core network and/or data transmission through a different UP-GW. In this case, a 'disconnected' UP-GW also acts as described below when a downlink packet arrives.
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Figure D.2: Transfer from Idle to Active states for UEs caused by downlink Traffic whilst in EUTRA coverage

0
The User Plane Gateway has two flags associated with the "PDP context". One indicates whether the UE is in "LTE-active or not". The other indicates whether the last "GTP-U tunnel" to be used was "on E-UTRA or on UTRA/2G".

1
A downlink packet is received in a UP-GW function and the "LTE-active or not" flag indicates "not".

2
If the "last used tunnel" flag in the UP-GW indicates that the UE was last in the coverage of the SGSN, then the UP-GW sends the downlink packet to the UTRA/2G SGSN.
A
When received by a 2G-SGSN:

I
If the MS is in the Ready state then the SGSN sends the packet to the BSS.

II
If the MS is in the Standby state, then the SGSN initiates paging for the MS, AND immediately returns a copy of the Packet to the UP-GW with an indication that parallel "paging in a wider area" is required. Once the 2G paging process has been completed, the SGSN returns an indication to the UP-GW of whether the MS was reachable or not (in 2G coverage).

B
When received by a 3G-SGSN:

I
If an Iu connection for this UE exists, the SGSN forwards this packet to the RNC on the Iu connection. If the UE is in URA_PCH or CELL_PCH, the RNC immediately returns a copy of the packet to the UP-GW, via the SGSN, with an indication that parallel "paging in a wider area" is required, AND, in parallel initiates paging in the URA/CELL. Once the UTRA paging process has been completed, the RNC sends the UP-GW an indication of whether the MS was reachable or not.


If the UE is in Cell_DCH, the packet is delivered to the mobile.

II
If an Iu connection for this UE does not exist, the SGSN immediately returns a copy of the packet to the UP-GW with an indication that parallel "paging in a wider area" is required, AND, the SGSN initiates paging for this UE in UTRA. Once the paging process has been completed, an indication of whether the UE was reachable or not is sent to the UP-GW.

3
When receiving a downlink packet from the Gi interface when the "last used tunnel" flag in the UP-GW indicates that the UE was last in EUTRA coverage (and the "LTE-Active or not" flag is set to "not"), then, the UP-GW will contact the CP-GW requesting paging to be initiated for this UE. 


Also, if the UP-GW receives a copy of a packet from an RNC/3G SGSN/2G SGSN with a request for "paging in a wider area" the UP-GW will contact the CP-GW requesting paging to be initiated for this UE in other areas.

4
The CP-GW sends a Paging message to all the APs and SGSN which are part of RAs that have been allocated to the UE (and which are not yet paging the mobile), including the parameters needed to page the UE (c.f. IMSI in 2G/3G).
5
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.

6
When the UE receives the Paging message it responds with the Service Request/Cell Update message (or E-UTRA equivalent). In EUTRA this message contains enough information for the AP to gather the context for the UE (either directly from the last registered AP or from the CP-GW). In UTRA/2G, the SGSN indicates to the CP-GW that the mobile has responded to paging.

7
The AP (or SGSN) then creates the connection to the UP-GW (via the CP-GW in the case of an SGSN). When the connection is created to the UP-GW the IP packet buffered for the UE is sent on the connection to the AP (or SGSN).

8
The AP informs the CP-GW that it controls the UE, and the CP-GW passes the QoS information to the AP for this flow.

9
The CP-GW informs the UP-GW that the Paging procedure to locate the UE was successfully completed.

D.2.4.3.1 Solution B
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0
The User Plane Gateway has a flag associated with the "PDP context", which indicates whether the UE is in "LTE-active or not"..

1  A downlink packet is received in a UP-GW function and the "LTE-active or not" flag indicates "not" or a copy of a packet from RNC with a request for “ paging in a wider area” is received in a UP-GW function.

2  UP-GW sends paging request to CP-GW, the paging request should indicate if “paging in a wider area” is requested.

3  CP-GW checks UE MM states, if UE is in PMM-CONNECTED State/GPRS-READY State，then go to step 6，if UE is in PMM-IDLE State/GPRS-STANDBY State or LTE-IDLE State, or the paging request from UP-GW indicates “paging in a wider area” then go to step 4.
4
The CP-GW sends a Paging message to all the APs and SGSN which are part of RAs that have been allocated to the UE (and which are not yet paging the mobile), including the parameters needed to page the UE (c.f. IMSI in 2G/3G).
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.

5  When the UE receives the Paging message it responds with the Service Request/Cell Update message (or E-UTRA equivalent). In E-UTRA this message contains enough information for the AP to gather the context for the UE (either directly from the last registered AP or from the CP-GW). In UTRA/2G, the SGSN indicates to the CP-GW that the mobile has responded to paging.
6  CP-GW sends paging response to UP-GW, which indicates if UE is now in coverage of UTRA/GERA.   When UP-GW receives paging response, which indicates that UE is now in coverage of UTRA/GERA, then the UP-GW sends the downlink packet to the 2G/3G SGSN. 

If the UE is in URA_PCH or CELL_PCH, the RNC immediately returns a copy of the packet to the UP-GW, via the SGSN, with an indication that parallel "paging in a wider area" is required, AND, in parallel initiates paging in the URA/CELL. Once the UTRA paging process has been completed, the RNC sends the UP-GW an indication of whether the UE was reachable or not. 
If the UE is in Cell_DCH, the packet is delivered to the mobile.
7  User plane connection will be established between UP-GW and UE (User plane connection could be controlled by the CP-GW). The AP informs the CP-GW that it controls the UE, and the CP-GW passes the QoS information to the AP for this flow.
8  When the connection is created to the UP-GW the IP packet buffered for the UE is sent on the connection to the AP (or SGSN).
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