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This document analyses the different architectural options for the location of the P-GW/GGSN function 
1. Introduction

This contribution analyses the architectural choices available in UMTS and LTE for the new SA2 WID to support: 
-
Local IP access – LIPA – to residential/corporate local network for Home (e)NodeB Subsystem

-
Selected IP traffic offload – SIPTO– (e.g. Internet traffic) for Home (e)NodeB Subsystem

-
Selected IP traffic offload (internet traffic, corporate traffic, etc.) for the macro network (3G and LTE only)
We consider the above scenarios and the existing discussion for H(e)NB LIPA support to:
-
Produce a set of available architectural options

-
Analyze how they support the requirements; and
-
Discuss the specification impacts to support the different options.

NOTE: 
In this contribution we refer to the IP point of attachment for the LIPA traffic as either the Local GGSN (L-GGSN) or the Local PDN-GW (L-PGW).
2. Architectural Choices
It was agreed for the HeNB case that the control plane for LIPA and non LIPA traffic is handled by the MME anchored in the CN. Similarly it has been proposed in S2-095089 that all mobility and session management signaling between the UE and the network is handled by the SGSN in the CN. It seems there is no reason to change this principle for the SIPTO traffic.
Proposal 1: All NAS signalling between the UE and the network is handled in the core network including mobility and session management. Equivalently, the control plane remains anchored in the CN for LIPA and SIPTO traffic.
NOTE: 
In the figures and the rest of the analysis below, the control plane is not shown for simplicity based on the above proposal since it does not change between the different architectural options.

Based on this, the architectural choices to support the LIPA and SIPTO features therefore can be reduced to looking at the options for the user plane, i.e., deciding where the user plane traffic is anchored for LIPA and SIPTO traffic.
2.1 Architectural Choices – UMTS 

For UMTS the data plane architectural choices are a function of whether the L-GGSN is logically collocated with the HNB/RNC. Equivalently, the choice can be viewed as whether the L-GGSN supports the Gn interface:
-
If the L-GGSN is logically collocated with the HNB/RNC then there is no Gn interface
-
If the L-GGSN is logically separated from the HNB/RNC then a Gn interface is required
Figure 1 illustrates the choices of locating the L-GGSN function in UMTS for the HNB and RNC separately: 
-
Option 1 illustrates the case where the L-GGSN is logically collocated with the HNB.
-
Option 2 illustrates the case where the L-GGSN is logically seperated from the HNB and the L-GGSN connects to the HNB using the Gn interface.

NOTE: 
For the residential deployment, the L-GGSN is shown physically located north of the HNB GW while for the corporate scenario it seems more likely that the L-GGSN will physically lie within the corporate network, i.e., to the south of the HNB GW. Alternatively, the user plane may not actually pass through the HNB GW.

-
Option 3 illustrates the case where the L-GGSN is logically collocated with the RNC, i.e., the macro equivalent of option 1.
-
Option 4 illustrates the case where the L-GGSN is logically seperated from the RNC and the L-GGSN connects to the RNC using the Gn interface, i.e., the macro equivalent of option 2.
As can be seen in the figure, the architectural options for supporting the LIPA or SIPTO feature for UMTS are common for the macro RNC and HNB. The deployment decision can be reduced to a function of whether the L-GGSN is logically collocated with the HNB/RNC.
-
If the L-GGSN is logically collocated with the HNB/RNC then there is no Gn interface

-
If the L-GGSN is logically separated from the HNB/RNC then a Gn interface is required
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Figure 1 Architecture Choices for LIPA and SIPTO in UMTS
2.2 Architectural Choices – LTE 

Similarly, for LTE the data plane architectural choices are a function of whether the L-PGW is logically collocated with the HeNB/eNB. Equivalently, the choice can be viewed as whether the L-PGW supports the S1-U interface (and the traffic passes through a Serving GW function).
-
If the L-PGW is logically collocated with the HeNB/eNB then there is no S1-U interface
NOTE: 
An additional collocated SGW is not considered for the reasons described in S2-094574.
-
If the L-PGW is logically separated from the HeNB/eNB then a S1-U interface and a S-GW function are required
Figure 2 illustrates the choices of locating the L-PGW function in LTE. 

-
Option 5 illustrates the case where the L-PGW is logically collocated with the HeNB.
-
Option 6 illustrates the case where the L-PGW is logically seperated from the HeNB and the L-PGW connects to the HeNB using the S1-U interface via an S-GW.

-
Option 7 illustrates the case where the L-PGW is logically collocated with the eNB, i.e., the macro equivalent of option 5.
-
Option 8 illustrates the case where the L-PGW is logically seperated from the eNB and the L-PGW connects to the eNB using the S1-U interface via an S-GW, i.e., the macro equivalent of option 6.
As can be seen in the figure, the architectural options for supporting the LIPA or SIPTO feature for LTE are common for the macro eNB and HeNB. The deployment decision can be reduced to a function of whether the L-PGW is logically collocated with the HeNB/eNB.
-
If the L-PGW is logically collocated with the HeNB/eNB then there is no S1-U interface and S-GW function
-
If the L-PGW is logically separated from the HeNB/eNB then a S1-U interface and S-GW function is required
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Figure 2. Architecture Choices for LIPA and SIPTO in LTE
2.3 Architectural Choices – Analysis 

Tables 1 and 2 analyse the different architectural choices and the 3 use cases for LIPA and SIPTO traffic defined in the LIPA/SIPTO WID.
	Scenario 
	Option1/5: Collocated 
L-GGSN/L-PGW 
	Option 2/6: Separated 
L-GGSN/L-PGW 

	LIPA to the home/corporate network 
	Supported
	Not supported for the home if the L-GGSN/L-PGW is physically separated
For corporate, the L-GGSN/L-PGW must be located in the corporate network

	SIPTO to the Internet 
	Supported
	Supported


Table 1 Analysis of the architectural choices for each deployment scenario for the H(e)NB
	Scenario 
	Option 3/7: Collocated 
L-GGSN/L-PGW 
	Option 4/8: Separated 
L-GGSN/L-PGW 

	Internet offload for macro 
	Supported 
	Supported 


Table 2 Analysis of the architectural choices for each deployment scenario for the macro

As can be seen from the logically collocated L-GGSN/L-PGW supports all three scenarios, whereas the logically separated L-GGSN/L-PGW does not support LIPA to the home network.

Stepping back a little, from a standards perspective, the logically separated L-GGSN/L-PGW is essentially a normal GGSN/P-GW that happens to be physically located near to the RAN node. All that needs to be specified are the L-GGSN/L-PGW discovery procedures.

On the other hand, for the collocated L-GGSN/L-PGW an analysis of the procedural changes to the standards can be found in the annex, including a common change to the discovery procedures for the separated L-GGSN/L-PGW.
Since the collocated L-GGSN/L-PGW solution is needed for LIPA to the home network and the separated L-GGSN/L-PGW can be viewed as essentially a deployment option of the existing architectures, it seems that both types of architectural choices should be specified. 
Proposal 2: For UMTS define a L-GGSN function logically collocated with the HNB/RNC and a L-GGSN function logically separated from the HNB/RNC to support the LIPA and SIPTO scenarios.
Proposal 3: For LTE, define a L-PGW function logically collocated with the HeNB/eNB and a L-PGW function logically separated from the HeNB/eNB to support the LIPA and SIPTO scenarios.
3. Conclusion

It is proposed to agree on proposals 1-3 based on the above analysis and to document these conclusions in the TR 23.8xy 
* * * First Change * * * *
4.2
Key issues

4.2.1
Legal interception

Editor's note: this needs to be checked with SA3.
-
Whether the Home (e)NodeB Subsystem provides Legal Intercept (LI) functionality for Local IP Access to the Home;
-
Location of Legal Intercept (LI) functionality for Local IP Access to the Internet for the Home (e)NodeB Subsystem;

-
Whether the Mobile Operator is in charge of legal interception or whether and how to assist the Backhaul Operator to perform legal intercept (e.g., by making the Mobile Operator's Core Network aware of the IP address assigned to the LIPA PDN connection).
4.2.2
QoS

-
Whether QoS for LIPA traffic is based on static policies (no Gx to Home (e)NodeB).

4.2.3
Single/multiple PDN support

Multiple PDN support is not available in all UEs. The solutions have to consider the following cases:
-
Single PDN support: Only one PDN connection is used;
-
Multiple PDN support: Multiple PDN connections are used simultaneously.
4.2.x
Architectural Principles

Control plane:

-
All NAS signalling between the UE and the network is handled in the core network including mobility and session management. Equivalently, the control plane remains anchored in the CN for LIPA and SIPTO traffic.

User plane:

-
For UMTS, the architectural choices can be reduced to a function of whether the L-GGSN is logically collocated or separated with the HNB/RNC.
-
For LTE, the architectural choices can be reduced to a function of whether the L-PGW is logically collocated or separated with the HeNB/eNB.
* * * End of Changes * * * *
Annex A. Specification Impacts
The following sections analyse the procedural changes needed to support the logically collocated and logically separated L-GGSN/L-PGW for the LIPA and SIPTO traffic. 
A.1 L-GGSN/L-PGW discovery
In order for LIPA or SIPTO to work correctly, the SGSN/MME needs to be able to choose the correct L-GGSN/L-PGW for the break out traffic. The options for the SGSN/MME to perform L-GGSN/L-PGW discovery are to perform a DNS lookup, or for the RAN node to provide the IP address of the L-GGSN/L-PGW.
NOTE: 
Providing the IP address by the RAN node is an implicit indication to the SGSN/MME that the RAN node supports LIPA/SIPTO.
It seems simpler and more robust for the RAN node to provide the IP address instead of relying on DNS. In the case where the L-PGW/L-GGSN function is not collocated with the RAN node, the IP address needs to be configured at the RAN node (or for UMTS potentially provided by the HNB GW).

Figure 3 shows the L-GGSN discovery process in the call flows for access and handover. The same concept applies to L-PGW discovery as well.

NOTE: 
The attach request is shown as an example for access but the same concept applies during access for the service request and registration procedures, i.e., the RAN node does not need to understand the reason for the access and simply includes the IP address in the Initial UE message sent to the SGSN/MME.
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Figure 3 Call flows for L-GGSN discovery
If the HNB/RNC provides the IP address of the L-GGSN to the SGSN then the only changes needed are

-
The HNB/RNC includes the IP address along with the Initial UE message when a UE accesses e.g. via the attach procedure as shown in step 1 of Figure 3.
-
The HNB/RNC includes the IP address along with the Relocation Complete message when a UE hands in to the HNB/RNC as shown in step 11 of Figure 3.

A.2 PDP context activation
The PDP context activation procedures can resuse the existing PDP context activation procedures defined in TS 23.060. The only changes needed are in the SGSN implementation to determine that the PDP context activation request is for a LIPA or SIPTO PDP context and to use the address for the L-GGSN provided in the Initial UE message or the Relocation Complete message as described in A.1 above.

Figure 4 shows the PDP context activation call flow from TS 23.060. The only change occurs in the SGSN implementation of step 2 in determining which GGSN to send the Create PDP Context Request message.
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Figure 4 Call flows for PDP context activation
A.3 PDP context deactivation
Similarly, the PDP context deactivation procedures can resuse the existing PDP context deactivation procedures defined in TS 23.060. The only changes needed are in the SGSN implementation to determine when to delete the LIPA or SIPTO PDP context. For example, for the logically collocated L-GGSN, no Gn interface is supported and the SGSN deletes the LIPA or SIPTO PDP context when the UE performs a handover away from the HNB/RNC. Additionally, the SGSN deletes the LIPAor SIPTO PDP context if the UE accesses a target RNC/HNB from idle state that does not support the LIPA or SIPTO PDP context currently stored in the UE.

Figure 5 shows the PDP context deactivation call flow from TS 23.060. The only change occurs in the SGSN triggers for step 2 in determining which GGSN to send the Delete PDP Context Request message.
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Figure 5 Call flows for PDP context deactivation
A.4 L-S11 interface to the HeNB/eNB

If the L-PGW function is collocated with the HeNB/eNB; and the session management signalling (Bearer setup, etc.) for LIPA traffic terminates in the core, then a subset of the S11 interface should exist between the HeNB/MME and the MME to set up the PDN connectivity and manage the bearers for the LIPA traffic.

Therefore, it is necessary to define an L-S11 interface which is a subset of the S11 interface but from the MME to the L-PGW function for Session Management signaling for the LIPA or SIPTO traffic.
To simplify the implementation of the MME, an indication may be included in the L-S11 interface to indicate that this is being sent on an L-S11 for LIPA or SIPTO traffic.
A.5 User Plane handling in idle mode

In the case of the collocated L-PGW, the UE should be paged only at the HeNB/eNB where the L-PGW is located, since paging the UE elsewhere would cause the UE to access for no reason because it is not be able to receive the data.
Procedures for paging the UE for downlink LIPA or SIPTO traffic in S11 works as follows:
-
A downlink packet arrives at the L-PGW for the UE

-
The downlink packet triggers a Downlink Data Notification message to the MME using the L-S11 interface

-
The MME seeing the message arrives on the L-S11 interface knows to send the Paging message only to the HeNB subsystem associated with that interface

Figure 6 shows the call flow for paging the UE for downlink LIPA or SIPTO traffic from TS 23.401. The only changes required are implementation in the MME (step 2a) to determine this is a page for a LIPA/SIPTO PDN connection and to page the UE only at the HeNB/eNB associated with the LIPA/SIPTO connection on the L-S11 interface. For example, the L-PGW can include a list of HeNB/eNB identities associated with the LIPA or SIPTO connection or a LIPA or SIPTO indication flag in the Downlink Data notifcation message to simplify the MME implementation.

Similarly, in the case of the collocated L-GGSN for UMTS, paging can be performed by sending the downlink packet to the SGSN. Based on implementation, the SGSN will recognize the PDN associated with the packet and know to page the UE only at the L-GGSN RAN nodes associated with that PDN. 
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 Figure 6 Paging a UE in idle mode
A.6 PDN connectivity activation

To support the LIPA or SIPTO traffic, the PDN connectivity activation procedures are changed in an equivalent manner to PDP context activation procedures described in A.2. In a similar manner to PDP context activation, the PDN connectivity activation procedures can resuse the existing PDN connectivity activation procedures defined in TS 23.401. The only changes needed are in the MME implementation to determine that the PDN Connectivity request is for a LIPA or SIPTO PDP context and to use the address for the L-PGW provided in the Initial UE message or the Path Switch Request message as described in A.1.

Figure 7 shows PDN connectivity activation call flow from TS 23.401. The only change occurs in the MME implementation of step 2 in determining which P-GW to send the Create Session Request message. The rest of the procedures are the same as those defined in TS 23.401 Section 5.10.2 except the S-GW procedures are not needed, similar to the case where the P-GW and S-GW are collocated.
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Figure 7 Call flows for PDN connection activation
A.7 PDN connectivity deactivation

Similarly, the PDN connection deactivation procedures can resuse the existing PDN connection deactivation procedures defined in TS 23.401. The only changes needed are in the MME implementation to determine when to delete the LIPA or SIPTO PDN. For example, for the logically collocated L-PGW, no S1-U interface is supported and the MME deletes the LIPA or SIPTO PDN when the UE performs a handover away from the HeNB/eNB. The MME deletes the LIPAor SIPTO PDN if the UE accesses a target HeNB/eNB from idle state that does not support the LIPA or SIPTO PDN currently stored in the UE, or after the UE establishes a connection at the target HeNB or eNB for a handover.

Figure 8 shows the PDN connection deactivation call flow from TS 23.401. The only change occurs in the MME triggers for step 2 in determining which L-PGW to send the Delete Session Request message. Also no separate S-GW steps are needed similar to the case where the P-GW and S-GW are collocated.

In the case of idle mode, the SGW remains in the core and so the PDN connection can be released by the MME whenever the UE establishes a connection at any cell to which mobility of the PDN connection is not supported.
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 Figure 8 Call flows for PDN connection deactivation
A.8 How to determine which UE subscription can be broken out 

As presented in S2-093615, how to determine which UE subscription can be broken out using the LIPA or SIPTO PDN can be based on operator policy. For example, a flag can be defined as part of the UE subscription information per CSG or possibly per APN for non CSG cells that indicates whether the APN can be used for LIPA or SIPTO traffic.
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