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Abstract of the contribution:

Different Paging methods are discussed and Synchronous Paging and UPT is proposed for the ISSO.
1. Introduction
In the former SA2 meeting, the user plane termination (UPT) for the idle state E-UTRAN access UE is determined to be Serving GW. However the user plane termination for the idle state 2G/3G access UE is not yet determined.

In the pre-R8 system, the user plane termination for the idle state 2G/3G access UE is SGSN no matter whether the Direct Tunnel is used or nor, and the user plane termination is RNC for the UE in the URA_PCH state.

In this contribution, all kind of implementations of Paging for the ISSO are compared, and user plane termination and paging method are provided.
2. UPT and Paging
There are two Paging methods for the ISSO: Synchronous Paging (or Parallel Paging) and Asynchronous Paging (or Serial Paging) ,
For the ISSO, Synchronous Paging is to Paging the UE simultaneously in the E-UTRAN and 2G/3G RAN; Asynchronous Paging is the Paging procedure that firstly paging the UE in one RAT, if there is no Paging response from the UE, Paging the UE in another RAT.

In fact, the user plane termination for the idle state UE will determine which node triggers the paging procedure. For the ISSO, the user plane termination for the idle state 2G/3G access UE just has two possible candidates: S-GW or SGSN, no matter whether the direct tunnel is used.

3. Synchronous Paging

Synchronous Paging is the Paging procedure to Paging the UE simultaneously in the E-UTRAN and 2G/3G RAN. There are three Synchronous Paging methods:

1) The UPT simultaneously triggers the Synchronous Paging in E-UTRAN and 2G/3G RAN as described in the figure 1.
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Figure 1: UPT(S-GW) triggers the Synchronous Paging
In the figure 1, the red circle presents the UPT hereafter. When there is a downlink data arriving to the UPT(S-GW) for the idle mode UE, the UPT(S-GW) sends Downlink Data Notification simultaneously to the SGSN and the MME, then Paging on the two RATs is simultaneous.

This Synchronous Paging method requires: 

· the E-UTRAN and 2G/3G access UE shares the same UPT, i.e. Serving GW and;
· the UPT(S-GW) needs to know that the ISSO is established between the SGSN and the MME and;
· No co-ordination between the SGSN and the MME is needed during the Paging procedure.
It is obvious that this method is very simple and the third requirements is the advantage of this method, however, in order to meet the second requirement, the S-GW will be involved in the co-ordination procedure for the ISSO, and this will make S-GW hard to be developed and to be lack of scalability.

Conclusion: it is proposed that this Synchronous Paging method is not used for the ISSO.

2) The SGSN/MME simultaneously triggers the Synchronous Paging in E-UTRAN and 2G/3G RAN with same UPT as described in the figure 2.
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Figure 2: SGSN/MME simultaneously triggers the Synchronous Paging with same UPT

In the figure 2, there are two cases, in the case (a), when there is a downlink data arriving to the UPT(S-GW) for the idle mode UE, the UPT(S-GW) finds its associated Session Management Entity is the SGSN then sends Downlink Data Notification to the SGSN. The SGSN sends Paging to 2G/3G RAN and at the same time sends Paging Indication to the ISSO associated MME to trigger the Synchronous Paging. The MME sends Paging to the E-UTRAN. The Paging for the UE is almost simultaneous.
In the figure 2, the case (b) is similar to the case (a). 

3) The SGSN/MME simultaneously triggers the Synchronous Paging in E-UTRAN and 2G/3G RAN with different UPTs as described in the figure 3.
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Figure 3: SGSN/MME simultaneously triggers the Synchronous Paging with different UPTs

In the figure 3, there are two cases, in the case (a), the UPT is located at SGSN, when there is a downlink data arriving to the S-GW for the idle mode UE, and the S-GW forwards the DL data to the SGSN. The UPT (SGSN) sends Paging to 2G/3G RAN and at the same time sends Paging Indication to the ISSO associated MME to trigger the Synchronous Paging. The MME sends Paging to the E-UTRAN. The Paging for the UE is almost simultaneous. 

There is an issue when the UE responses the Paging from the E-UTRAN side, how the DL data buffered in the SGSN delivered to the UE? The SGSN can forward the buffered DL data to S-GW or to the eNodeB; however, this will increase the complexity of the Paging procedure.
In the figure 2, the case (b) is some different with the case (a). In the case (b), the UPT is located at S-GW, when there is a downlink data arriving to the UPT(S-GW) for the idle mode UE, the UPT(S-GW) finds its associated Session Management Entity is the MME then sends Downlink Data Notification to the MME. The MME sends Paging to the E-UTRAN and at the same time sends Paging Indication to the associated SGSN to trigger the Synchronous Paging. The SGSN sends Paging to the 2G/3G RAN. The Paging for the UE is almost simultaneous. There is no buffered DL data issue as case (a).
Compare between method 2) and method 3)

The advantage of the method 2) and 3) is that the UPT is not required to know the existing of ISSO and the Paging is synchronized or co-ordinated by the SGSN and the MME taking the benefit of the ISSO association of the two nodes.

The advantage of method 3) is that two RATs can have different UPT for the idle mode UE while the method 2) requires the two RATs sharing the same UPT for the idle mode UE.

In the method 2), there is no UPT changing during RAU/TAU/Service Request procedure while method 3) requires an UPT changing during RAU/TAU/Service Request procedure for the ISSO, the changing of UPT will increase the signalling and complexity of the ISSO. 

The main disadvantage of the method 3) is the forwarding the buffered DL data in the SGSN will increase the complexity of Paging procedure in the case (a) of method 3) as mentioned above.
Conclusion: the method 2 is better than method 3, so the two RATs have the same UPT, i.e. Serving GW. 

4. Asynchronous Paging

Asynchronous Paging is the Paging procedure that firstly paging the UE in one RAT, if there is no Paging response from the UE, Paging the UE in another RAT.

Figure 4 is one example of Asynchronous Paging with the same UPT. 
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Figure 4: Asynchronous Paging with the same UPT
In the figure 4, there are two cases, in the case (a), when there is a downlink data arriving to the UPT(S-GW) for the idle mode UE, the UPT(S-GW) finds its associated Session Management Entity is the SGSN then sends Downlink Data Notification to the SGSN. The SGSN sends Paging to 2G/3G RAN and the RAN Paging the UE, if there is no Paging response from the UE, the SGSN may try to Paging UE again by the configuration, if the SGSN can not get the response from the UE, the SGSN will send Paging Indication message to the MME, The MME sends Paging to the E-UTRAN, then E-UTRAN Paging UE.
Case (b) is similar to the case (a) in the figure 4.

It is obvious that the Paging Latency is double if there is not paging response from the first RAT. It is a serious problem.
Conclusion: the Asynchronous Paging is proposed not to be used for the ISSO, because it will greatly increase the latency of Paging and no other cases are further discussed.

5. Conclusion

Based on the above discussion, the method 2 of the Synchronous Paging is selected for the ISSO.
For the ISSO, there are following conclusions based on the method 2:

· The 2G/3G/E-UTRAN share the same UPT (i.e. S-GW) for the idle mode UE.
· S-GW does not need to know the existing of the ISSO.
· When there is a downlink data arriving to the S-GW, the S-GW sends Downlink Data Notification message to the associated Session management Entity (SGSN/MME) which will trigger the Paging procedure. This procedure is common and is not specific to the ISSO.
· The Synchronous Paging method is used for the ISSO, that is, when the session management Entity (SGSN/MME) receives the Downlink Data Notification message, it will sends Paging to its own RAT and at the same time sends Paging Indication message to the ISSO associated peer Node (MME/SGSN) to Paging the UE, then the Peer node (MME/SGSN) Paging UE in its RAT.
· Paging is synchronized or co-ordinated by the Paging Indication message over the S3 interface between the SGSN and the MME；

The detailed Synchronous Paging procedure for the ISSO is provided in the contribution S2-073154(Paging flow for the ISSO). 
6. Proposal

It is proposed that the following changes to be included in the TS23.401.
**** Start of 1st set of changes ****
4.4
Network Elements

4.4.1
E-UTRAN

E-UTRAN is described in more detail in 3GPP TS 36.300 [5].

In addition to the E-UTRAN functions described in 3GPP TS 36.300 [5], E-UTRAN functions include:

-
Header compression and user plane ciphering
-
MME selection when no routeing to an MME can be determined from the information provided by the UE
4.4.2
MME 

MME functions include:

-
NAS signalling 

-
NAS signalling security

-
Inter CN node signalling for mobility between 3GPP access networks (terminating S3, including control and execution of sending/receiving paging indication to/from SGSN for the idle state signalling optimization)

-
Idle mode UE Tracking and Reachability (including control and execution of paging retransmission)
-
PDN GW and Serving GW selection

-
MME selection for handovers with MME change

-
SGSN selection for handovers to 2G or 3G 3GPP access networks
-
Roaming (S6a towards home HSS)

-
Authentication

-
Bearer management functions including dedicated bearer establishment.

NOTE:
The Serving GW and the MME may be implemented in one physical node or separated physical nodes.

4.4.3
Gateway
4.4.3.1
General

Two logical Gateways exist:

-
Serving GW (S-GW)
-
PDN GW (P-GW)
Functional split of PDN GW and Serving GW shall be the same regardless of the use of IETF or GTP based protocols between them.

NOTE:
The PDN GW and the Serving GW may be implemented in one physical node or separated physical nodes.

4.4.3.2
Serving GW

The Serving GW is the gateway which terminates the interface towards E-UTRAN. 

For each UE associated with the EPS, at a given point of time, there is a single Serving GW.

Serving GW functions include:

-
the local Mobility Anchor point for inter-eNodeB handover

-
Mobility anchoring for inter-3GPP mobility (terminating S4 and relaying the traffic between 2G/3G system and PDN GW) 
-
2G/3G/E-UTRAN idle mode downlink packet buffering and initiation of network triggered service request procedure
-
Lawful Interception
-
Packet routeing and forwarding
4.4.3.3
PDN GW

The PDN GW is the gateway which terminates the SGi interface towards the PDN. 

If a UE is accessing multiple PDNs, there may be more than one PDN GW for that UE.

PDN GW functions include:

-
Policy enforcement

-
Per-user based packet filtering (by e.g. deep packet inspection)

-
Charging support

-
Lawful Interception

-
UE IP address allocation

-
Packet screening
4.4.4
SGSN
In addition to the functions described in 3GPP TS 23.060 [7], SGSN functions include:

-
Inter EPC node signalling for mobility between 2G/3G and E-UTRAN 3GPP access networks (including control and execution of sending/receiving paging indication to/from MME for the idle state signalling optimization)
-
PDN and Serving GW selection

-
MME selection for handovers to E-UTRAN 3GPP access network
4.4.5
GERAN

GERAN is described in more detail in 3GPP TS 43.051 [15].
4.4.6
UTRAN

UTRAN is described in more detail in 3GPP TS 25.401 [16].

4.4.7
MBMS 

Editor’s Note: It is FFS how these functions are allocated to functional entity/entities.

4.4.7.1
MBMS CP function

One or more MBMS CP function entities are used in a PLMN.
MBMS CP functions include:

-
Session control of MBMS bearers to the E-UTRAN access

NOTE:
When a UE leaves or enters MBMS bearer coverage, the service continuity is handled by the Service Layer (in UE and network).

4.4.7.2
MBMS UP function

One or more MBMS UP function entities are used in a PLMN.

MBMS UP functions include:

-
It provides an interface for entities using MBMS bearers through the SGi-mb (user plane) reference point

-
IP multicast distribution to eNodeBs (M1-U reference point)

-
Content synchronization for MBSFN (MBMS over Single Frequency Networks)

NOTE:
In case of mobility in or out from an MBMS service area, the service continuity is handled by the Service Layer (in UE and network).

4.4.7.3
eBM-SC
The eBM-SC is a functional entity which provides the functions on MBMS service layer. It may serve as an entry point for content provider MBMS transmissions, used to authorise and initiate MBMS bearers within the PLMN and can be used to schedule and deliver MBMS transmissions. The eBM-SC is further described in 3GPP TS 26.346 [13].
**** End of 1st set of changes ****
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