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Abstract of the contribution: this contribution discusses HNB/HeNB interfaces for LIPA for the case of solution 1 alternative documented in the TR, and in particular whether S1/Iu can be used alone with some modifications or S11/S4/Gn has to be used as well. It is a companion tdoc of S2-093169  "On architecture for LIPA for HNB and HeNB". 
1 Discussion
The objective of this section is to clarify the architecture LIPA for the case of solution 1 alternative documented in the TR and especially the nature of the interface between MME/SGSN and the H(e)NB. This interface may be based on: 

A. S1/Iu only: the link between MME and LIPA-HNB is just an evolution of S1/Iu (no need of S11/S4/Gn) 
B. S1/Iu+ S11/S4/Gn: the link between MME and LIPA-HNB corresponds to S1/Iu + a simplified S11/S4/Gn
The object of this tdoc is to provide input to this debate:
· First the actions to be carried out are described independently of the architecture

· Then how these actions would be carried out is described for each of the architectures

1.1.1 Actions to be carried out for LIPA to take place

This section discusses which actions have to take place in order for LIPA service to be provided to an UE. This section is general in that it deals with both 3G (HNB) and LTE (HeNB) cases (an “H(e)NB” depicting either an HNB or an HeNB)

Following events have to take place in order for LIPA service to be provided to an UE

1. Make sure that all involved entities support LIPA. The H(e)NB has to tell the SGSN/MME whether it supports LIPA. Due the big number of H(e)NB this cannot be done by OAM but should be done via S1/RANAP.

· When either MME/SGSN or H(e)NB does not support LIPA, the LIPA APN is handled as a regular (non LIPA) APN.

· The Core MME/SGSN is the entity that decides whether a PDN connection / PDP context is to be handled per LIPA behaviour (PGW/GGSN in the H(e)NB environment) or per non LIPA behaviour (PGW/GGSN in the Core Network)
2. Receive from the UE a “UE requested PDN connectivity request” (EPS) / “PDP context activation Request” (3G) (for a LIPA APN) and detect that the PDN /PDP connectivity establishment targets an APN for LIPA service. 
· This UE request is transferred transparently via regular H(e)NB Direct Transfer services. 
· The SGSN/MME validates the UE request based on subscription data received from HSS and based on APN restrictions. The special LIPA handling of session management at SGSN/MME is triggered by inspecting the value of the APN requested by the UE (with regards to the subscriber profile data). Whether there is a flag in user subscription telling that an APN is for LIPA service, or whether the SGSN/MME uses other means (e.g. the APN for LIPA has a standard defined value) is left for further discussions.
3. Create a PGW/GGSN LIPA context in the H(e)NB environment and allocate an IP address to the UE (at UE requested PDN connectivity establishment / PDP context activation for a LIPA APN). 
· The LIPA context in the H(e)NB remains even though the UE is IDLE (as a GGSN/PGW context) and is thus associated with a guard timer set at the release of the radio connection with the UE 

4. Establish a RB (Radio Bearer) for the LIPA traffic and connect it to the PGW/GGSN LIPA context in H(e)NB environment
5. Answer to the UE: sending a PDN connectivity Accept (LTE) / PDP context activation accept (3G) (for a LIPA APN). 

6. Provide to the H(e)NB environment the information required to be able to page the UE in IDLE mode (S/P-TMSI, IMSI, DRX info). In order to avoid paging via IMSI, but rather using S/P-TMSI for paging in order to ensure identity hiding, we need to select one of the alternatives:
a) the MME/SGSN provides the new S/P-TMSI value to H(e)NB each time it allocates a new one, but this is a bit cumbersome;
b) there is a full S11/S4 between H(e)NB and MME/SGSN, to have the MME/SGSN page on behalf on H(e)NB, but this is heavy also and does not work in case of a Gn/Gp SGSN as this pre REL8 SGSN never pages on behalf of another Node; 
c) the H(e)NB snoops the S/P-TMSI allocation (NAS) messages 
7. Re-establish a RB for LIPA traffic at IDLE --> CONNECTED mode state change
SGSN/MME request to delete the PGW/GGSN context in H(e)NB e.g. due to a MME/SGSN change. Note that if no NAS signalling connection exists when the MME initiates EPS bearer context deactivation, ESM entity in the MME shall locally deactivate the EPS bearer context towards the UE without any peer-to-peer ESM signalling between the MME and the UE. The EPS bearer context state(s) can be synchronized between the UE and the MME at the next EMM-IDLE to EMM-CONNECTED transition, e.g. during a Service Request or Tracking Area Updating procedure.

8. H(e)NB to tell SGSN/MME that the PGW/GGSN context in H(e)NB has been deleted (e.g. based on some timer associated with LIPA-H(e)NB-context). 

1.1.2 Actions to be carried out for LIPA in Architecture A (S1/Iu only)
 In Architecture A (S1/Iu only), following specific tasks are to be carried out for LIPA
1. Tell the SGSN/MME that the H(e)NB supports LIPA: done by a flag over S1/Iu telling that H(e)NB supports LIPA 
2. Receive from the UE a UE requested PDN Connectivity Request (LTE) / PDP context activation Request (3G) (for a LIPA APN). Refer to similar bullet of section 2.1.1
3. Establish a RB for the LIPA traffic (at PDN connectivity establishment). 

· Iu case: done by a standard RANAP RAB assignment request but without GTP-U TEID being provided. 

· S1 case: done as part of the Bearer Set Up request (see next step) but without GTP-U TEID being provided 
4. Create a PGW/GGSN LIPA context in H(e)NB and allocate an IP address to the UE: 

· Iu case: done by the HNB modifying the PDP Context Activation Accept message created by the SGSN (with dummy information, i.e. no UE IP address) and sent via RANAP Direct Tunnel. This step takes place after the creation of the RAB for the LIPA service. The HNB correlates both procedures based on the NSAPI value (in the PDP context activation answer and in the RAB-ID of the RAB ASSIGNMENT REQUEST). The HNB is made aware that the PDP context activation is for LIPA via a relevant flag added in the signalling by the SGSN. 
· S1 case: done by the HeNB modifying the PDN Connectivity Accept created by MME with dummy information (UE IP address) and sent together with the Bearer Set Up request. The HeNB is made aware that the Bearer Set Up request is for LIPA via a relevant flag added in the signalling by the MME. 
Note that the SGSN/MME acts as if the PGW/GGSN in H(e)NB was to always accept the UE request. In case the PGW/GGSN in H(e)NB had to reject the UE request (no IP connectivity to Internet, APN restriction rules…), the H(e)NB has to generate a PDP context / PDN connectivity Reject to the UE and a PDP context release / PDN Connectivity Release to the MME/SGSN in order to align the UE, the H(e)NB and the MME/SGSN states.

The issue is that the HeNB has to modify the NAS message but it cannot be done due to NAS integrity signalling. This is why we can’t take this approach/architecture.

5. Answer to the UE: send a PDN connectivity Accept (LTE) / PDP context activation accept (3G) for a LIPA APN. This is done as part of step 4. 
6. Provide to the H(e)NB the information required to be able to page the UE in IDLE mode (P/S-TMSI, IMSI, DRX info). Refer to similar bullet of section 2.1.1
7. Re-establish a RB for LIPA traffic at IDLE --> CONNECTED mode state change. Done via a regular Iu/S1 procedure. 
8. SGSN/MME request to delete the PGW/GGSN context in H(e)NB. The SGSN/MME deletes locally the context associated with the LIPA traffic (e.g. at UE Detach / mobility to another SGSN/MME) without notifying the HENB. 
9. H(e)NB to tell SGSN/MME that the PGW/GGSN context in H(e)NB has been deleted: at the expiry of the timer associated with the local LIPA context in the H(e)NB, the H(e)NB deletes locally the context associated with the LIPA traffic without notifying the SGSN/MME. 
The timer associated with the local LIPA context in the H(e)NB is made to be greater than the mobility timer in the MME/SGSN.
1.1.3 Actions to be carried out for LIPA in Architecture B (S1/Iu + simplified S11/S4/Gn) 

In Architecture B (S1/Iu + simplified S11/S4/Gn), following specific tasks are to be carried out for LIPA

1. Tell the SGSN/MME that the H(e)NB supports LIPA: e. g. providing the S11/S4/Gn address of the H(e)NB over S1/Iu in the S1/Iu-Initial UE Transfer message tells that H(e)NB supports LIPA. 
Note that in this architecture the HNB behaviour depends on whether the SGSN supports Gn or S4, as the HNB has to emulate a SGW in one case or a GGSN in the other case.
2. Receive from the UE a UE requested PDN Connectivity Request (LTE) / PDP Context Activation Request (3G) (for a LIPA APN). Refer to similar bullet of section 2.1.1
3. Create a PGW/GGSN LIPA context in H(e)NB and allocate an IP address to the UE: Done via S11/S4/Gn as if the H(e)NB was a regular SGW+PGW/GGSN. Upon the H(e)NB answer (mimicking a PGW/GGSN), the MME/SGSN builds the PDP context activation answer / PDN Connectivity Accept with the UE IP address allocated by the H(e)NB. 
4. Establish a RB for the LIPA traffic (at UE requested PDN connectivity establishment). Done via a regular Iu/S1 request (the H(e)NB discovers that only a local Connection is required for the user plane as the RB is for LIPA service by detecting that the GGSN/SGW GTP-U address corresponds to itself).

5. Answer to the UE: send a PDN connectivity Accept (LTE) / PDP context activation accept (3G) (for a LIPA APN). In S1 case, the S1 Bearer Set up Request contains the PDN connectivity Accept message created by the MME. In Iu case the RAB assignment and the Direct Transfer (PDP context activation accept) correspond to 2 different procedures. 

6. Provide to the H(e)NB the information required to be able to page the UE in IDLE mode (P-TMSI, IMSI, DRX info). Refer to similar bullet of section 2.1.1
7. Re-establish a RB for LIPA traffic (at IDLE --> CONNECTED mode state change). Done via a regular Iu/S1 procedure (the H(e)NB discovers that only a local Connection is required for the user plane as the RB is for LIPA service by detecting that the GGSN/SGW GTP-U address corresponds to itself).

8. SGSN/MME request to Delete the PGW/GGSN context in H(e)NB. Done via S11/S4/Gn as if the H(e)NB was a regular SGW+PGW/GGSN (Delete PDP context from SGSN). 
9. H(e)NB to tell SGSN/MME that the PGW/GGSN context in H(e)NB has been deleted. Done via S11/S4/Gn as if the H(e)NB was a regular SGW+PGW/GGSN (e.g. Delete PDP context from GGSN). 
1.1.4 Conclusion
For the case of solution 1 alternative documented in the TR, even though the Architecture A is simpler (no need of S11/S4/Gn between the Core and the H(e)NB), this architecture cannot be selected because the HeNB has to modify the NAS messaging , which is not possible due to NAS signalling integrity spanning between the MME and the UE.

Thus we have to take architecture B.
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