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1. Introduction

The solution for LIPA for residential purposes has been captured in TS 23.401 and TS 23.060 in SA2#82. In this paper we consider LIPA for Enterprise deployment and propose a new solution to be documented in the TR.
2. Corporate LIPA with H(e)NB GW in the Enterprise

2.1 Corporate LIPA for E-UTRAN with HeNB-GW in Enterprise
2.1.1  Architecture
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Figure 2.1.1-1: LIPA solution for Enterprise using HeNB located in enterprise
The architecture is an extension of the LIPA architecture for home deployment with the following differences:

-
The HeNB-GW is located in the enterprise.
Editor’s Note: Solution of security issues due to HeNB-GW being located in the enterprise are FFS, eg some security functions of SeGW are incorporated in the HeNB.

-
Local PDN Gateway (L-GW) function is located in the enterprise and is collocated with the HeNB-GW;

-
The SeGW maintains a secure association with the HeNB-GW instead of HeNB across the IP backhaul network that is considered insecure;

-
Securing the interface between the HeNB-GW and the HeNBs in the enterprise is an operator configuration, i.e a security association may exist between the HeNB-GW and the HeNBs.

-
IKEv2 mechanisms are used to request one IP address each for the HeNB-GW and the L-GW function. The assigned L-GW address is signalled to the MME via S1-MME by the HeNB-GW (and not the HeNB) in UE-associated signalling messages. The MME uses the information from the H(e)NB to override the normal P-GW selection algorithm, etc.
-
The “correlation-identifier” provided by the MME to the HeNB for the residential LIPA scenario, is used by the HeNB-GW (and not forwarded to the HeNB), to determine which S1-U bearers from the HeNB should use the direct path between the HeNB-GW and the L-GW.
-
Mobility of UE’s LIPA PDN connection inside the enterprise is supported for between HeNBs connected to the same HeNB-GW. 

Editor’s Note: Mobility between HeNBs connected to different HeNB GWs in an enterprise is FFS.

2.1.2 Procedures

In this section we are only highlight the difference in procedures from that of the residential-LIPA solution. In the procedure figures below we are showing HeNB-GW as a separate entity to clearly show the impacts to HeNB-GW. 
NOTE: In TS 23.401, an “eNodeB” for an enterprise deployment depicts an “HeNB-GW + HeNB”.  Hence, most of the changes shown here will not be captured in 23.401, but high level principles of the solution may need to be captured in RAN3 document for Enterprise-LIPA deployment.
2.1.2.1
Attach
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Figure 2.1.2.1-1: UE requested PDN connectivity to LIPA in Corporate Network

In comparison with the Rel-10 LIPA PDN Connection flows, the following are the differences:

2.
The L-GW Address in the added to the S1AP Initial NAS message is provided by the HeNB-GW (and not the HeNB, as in the residential LIPA solution).

17.
The “Correlation ID” provided by the MME in this message is removed by the HeNB-GW and not forwarded to the HeNB. This identity is used by the HeNB-GW to provide direct path for UL and DL packets for the LIPA connection for the particular LIPA bearers.
2.1.2.2  LIPA PDN Connection Establishment
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Figure 2.1.2.2-1: UE requested PDN connectivity to LIPA in Corporate Network
In comparison with the Rel-10 LIPA PDN Connection flows, the only difference is the following:
6a.
The S5 correlation-ID provided by the MME is used by the HeNB-GW to determine which S1-U bearer from HeNB to be provided the direct path to L-GW. This correlation ID is not forwarded to the HeNB.
2.1.2.3  S1 Release
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Figure 2.1.2.3-1: S1 Release when UE has LIPA PDN connection in Corporate Network
In comparison with the Rel-10 LIPA PDN Connection flows, the only difference is the following:

4.
When the S1 Release command is received at the HeNB-GW, the HeNB-GW informs the collocated L-GW to stop sending any DL packet for this UE to via the direct path but instead forward this packet to the Serving GW. (NOTE: For LIPA residential deployments, the HeNB was performing this role).
2.1.2.4  UE Initiated Service Request
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Figure 2.1.2.4-1: UE Initiated Service request with LIPA PDN connection in Corporate Network
In comparison with the Rel-10 LIPA PDN Connection flows, the following are the differences:

2.
The L-GW Address in the added to the S1AP Initial NAS message is provided by the HeNB-GW (and not the HeNB, as in the residential LIPA solution).

2a,b.The S5 correlation-ID provided by the MME is used by the HeNB-GW to determine which S1-U bearer from HeNB to be provided the direct path to L-GW. This correlation ID is not forwarded to the HeNB.

2.1.2.5  Network Initiated Service Request
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Figure 2.1.2.5-1: Network Initiated Service request with LIPA PDN connection in Corporate Network
In comparison with the Rel-10 residential LIPA PDN Connection flows, the following are the differences:

7. For a LIPA PDN connection, after the UE enters connected mode, the packet buffered in Serving GW is forwarded to the HeNB if the UE  is connected to the same HeNB-GW where the L-GW is collocated. Subsequently,  the packets buffered in the L-GW are forwarded to the HeNB on the direct path. If the UE enters connected mode at a different eNB or HeNB which is not connected to the HeNB-GW where the L-GW is collocated, the MME shall deactivate the LIPA PDN connection and the packet buffered in Serving GW is dropped.
2.1.2.6  Inter HeNB Mobility

2.1.2.6.1  Intra HeNB-GW Mobility

The figure below captures the message flow for the case of intra-HeNB GW handover using S1-HO.

[image: image7.wmf] 

UE

 

Source

 

HeNB

 

MME

 

Serving GW

 

L

-

GW

 

Target

 

HeNB

 

2. Handover Required

 

1. Decision to trigger a 

relocation via S1

 

 

3. Handover Request

 

 

4a. Handover Request Ack 

 

 

5. Handover Command

 

13a. Handover Notify

 

HeNB GW

 

 

Steps 9 through  12 from TS 23.401, 

Figure 5.5.1.2.2

-

1: S1

-

based handover

 

 

Steps 14 onwards from TS 23.401, 

Figure 5.5.1.2.2

-

1: S1

-

based hando

ver

 

 

4b. H

andover Request Ack 

 

 

HeNB

-

GW updates L

-

GW to be ready 

to accept UL packets for LIPA bearers  

for UE from Target eNB

 

13b. Handover Notify

 

L

-

GW 

now forwards D

L packets for 

LIPA bearers 

to

 

UE 

to the 

Target eNB

 


Figure 2.1.2.6.1-1: Intra HeNB-GW, Inter HeNB S1 mobility with LIPA PDN connection in Corporate Network
In comparison with the Rel-10 LIPA PDN Connection flows, the following are the differences:

2.
Based on the Handover Required command, the MME recognizes that the target HeNB is connected to the same HeNB-GW (based on S1AP configuration setup, or the L-GW address associated with the target HeNB) as the current HeNB. In such a case the MME allows handover also for the LIPA PDN connections. In all other cases, i.e target cell is not in a HeNB which is connected to the same HeNB GW as the source HeNB, the HeNB-GW will initiate the termination of the LIPA PDN connection before proceeding with the handover.
8. 
The HeNB-GW and not the HeNB provides the L-GW address in the Handover Notify message to the MME.

The figure below captures the message flow for the case of intra-HeNB GW handover using X2-HO between the HeNBs. 
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Figure 2.1.2.6.1-1: Intra HeNB-GW, Inter HeNB X2 mobility with LIPA PDN connection in Corporate Network
The following are the key points when compared to standard X2 Handover flow
1.  
On receiving the path switch request message for a UE with LIPA connections, the HeNB gateway notifies the LGW to be ready to communicate with the target HeNB instead of the current or source HeNB (e.g. accept uplink data from the target HeNB instead of the current HeNB). The HeNB gateway  also notifies the local gateway to communicate data for the UE  with the target HeNB, e.g. forward downlink packets for the identified LIPA bearers to the target HeNB instead of to the current HeNB.  The steps then follow the normal procedure as set out in Step 2 onwards in TS 23.401 Figure 5.5.1.1.2-1: X2-based handover without Serving GW relocation.

2.1.2.6.2  Inter-HeNB GW Mobility
Editor’s Note: Inter-HeNB GW mobility is FFS.
2.2 Corporate LIPA for UMTS with HNB-GW in Enterprise
2.2.1  Architecture
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Figure 2.1.1-1: LIPA solution for Enterprise using for UMTS (a) with S4-SGSN, and (b) Gn/Gp-SGSN
The architecture is an extension of the LIPA architecture for home deployment with the following differences:

-
The HNB-GW is located in the enterprise.
Editor’s Note: Solution of security issues due to HNB-GW being located in the enterprise are FFS.
-
Local PDN Gateway (L-GW) function is located in the enterprise and is collocated with the HNB-GW;

-
The SeGW maintains a secure association with the HNB-GW instead of HNB across the IP backhaul network that is considered insecure;

-
Securing the interface between the HNB-GW and the HNBs in the enterprise is an operator configuration, i.e a security association may exist between the HNB-GW and the HNBs.

-
IKEv2 mechanisms are used to request one IP address each for the HNB-GW and the L-GW function. The assigned L-GW address is signalled to the SGSN via Iu by the HNB-GW (and not the HNB) in UE-associated signalling messages. The SGSN uses the information from the HNB to override the normal P-GW selection algorithm, etc.

-
The “correlation-identifier” provided by the SGSN to the HNB for the residential LIPA scenario, is used by the HNB-GW (and not forwarded to the HNB), to determine which S1-U bearers from the HNB should use the direct path between the HNB-GW and the L-GW.

-
Mobility of UE’s LIPA PDN connection inside the enterprise is supported for between HNBs connected to the same HNB-GW. The SGSN supports this mobility either by knowing which of the HNBs are supported under the same HNB-GW (S1AP Setup) or by correlating the L-GW address being the same for HNBs under the same HNB-GW.

The impacts to the flows are very similar to the ones for E-UTRAN. 
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1b. PDN Connectivity Request (L-GW Addr)



















































































Steps 2-5 from TS 23.401 Figure 5.10.2-1: UE requested PDN connectivity
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Steps 7-13 from TS 23.401 Figure 5.10.2-1: UE requested PDN connectivity
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13b. Handover Notify
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 Steps 9 through  12 from TS 23.401, Figure 5.5.1.2.2-1: S1-based handover







 Steps 14 onwards from TS 23.401, Figure 5.5.1.2.2-1: S1-based handover







5. Handover Command
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Step 2-8 from TS 23.401 Figure 5.5.1.1.2-1: X2-based handover without Serving GW relocation
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