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This paper analyzes the differences of L-S5 solution supporting collocated L-GW and stand-alone L-GW, and proposes solution, standard impact as well as conclusion on LIPA in stand-alone L-GW case. 
1. Introduction
At last meeting, L-S5 solution was proposed with procedures. But the method of only transmitting L-GW TEID to HeNB is not sufficient for stand-alone L-GW to establish downlink direct tunnel between L-GW and HeNB. Considering stand-alone L-GW is a general HeNB deployment scenario in enterprise environment, the impact on standard should be identified clearly.
2. Discussion
In current TR, “addition of new correlation identifier (user plane L-GW TEID) for each E-RAB in the E-RAB to be Setup List” is sent to HeNB in (E-)RAB setup messages on Iu-ps/S1 for H(e)NB (in this paper we discuss HeNB for example) to establish direct user plane tunnels between HeNB and L-GW when UE in active mode. This method works in collocated HeNB and L-GW case, as there’s a connotative mechanism for downlink tunnel establishment: when the user plane L-GW TEID is sent to HeNB as an addition parameter, it also indicates the HeNB that the traffic of the bearer will be directly tunnelled to the L-GW. For uplink, the HeNB could directly send the uplink packet to L-GW part with L-GW TEID in GTP-U header to identify the bearer of the UE. For downlink, the L-GW could also directly send the downlink packet to HeNB part with L-GW TEID in GTP-U header to identify the bearer of the UE. As there’s only one HeNB and one L-GW module in each collocated HeNB/L-GW, and the L-GW TEID has already been sent to the HeNB in UE specific S1AP message, both the uplink and downlink internal tunnels could be successfully established. The HeNB part and the L-GW could further form a mobility association of the UE: in idle mode, the bearers will be switched to the path of core network SGW direction and when UE turns to active mode, the LIPA bearers will be switched to the path of HeNB/L-GW direct tunnel.
But when we consider the stand-alone L-GW case, above mechanism seems unpractical basing on following facts,
1) HeNB does not have the user plane IP address of L-GW in the local network, then the uplink user plane direct tunnels for the LIPA UE could not be established;

2) L-GW does not have the user plane local network IP address and TEID of HeNB, then the downlink user plane direct tunnels for the LIPA UE could not be established;
3) The L-GW could not apperceive the time when the UE turns from idle mode to active mode or the UE turns from active mode to idle mode, and then the L-GW does not know at what time to switch the internal path direction of the LIPA bearers. This point also leads to the problem that the L-GW could not decide whether to buffer the downlink packets and “send a packet or a "dummy" packet to the Serving GW in order to trigger paging”, or send the packets to the HeNB in LIPA direct tunnels.
Then, some network enhancement should be considered to support stand-alone case.
When the MME determines the PDN connection/bearer is a LIPA PDN connection/bearer in UE requested PDN connectivity, service request or dedicate bearer activation procedures, the MME indicates the HeNB and SGW to establish direct tunnel between HeNB and L-GW. Once receiving the indication from the MME, the SGW sends the user plane local network IP address and TEID of the HeNB to the L-GW for the downlink direct tunnel establishment, and the MME sends the user plane local network IP address and TEID of the L-GW to the HeNB for the uplink direct tunnel establishment. Once receiving per LIPA bearer indication from the MME in S1AP messages, the HeNB returns the user plane local network IP address (es) and TEIDs of itself to the MME for the LIPA bearers.
Note 1: the SGW may just substitute the user plane local network IP address and TEID of L-GW/HeNB for the IP address and TEID allocated by itself and send them to the MME/L-GW. This avoids the MME determines which IP address and TEID are to be sent to the HeNB, and no addition of IP address and TEID is needed in the messages of S1/S5/S11 interfaces for the UE.
When the UE turns to idle, for LIPA bearer, the SGW may use Modify Bearer Request to resume the usual non-optimized routing by sending the user plane IP address and TEID allocated by itself to the L-GW along with a direct routing indication. The indication informs the L-GW to start downlink data buffering in L-GW for the UE.
When the UE moves to other HeNB in the local network, under the guidance of the direct routing indication from the MME, the SGW sends the user plane IP address and TEID of the new HeNB to the L-GW with Modify Bearer Request.
Note 2: the MME can judge whether the UE moves to a HeNB in the same local network of source HeNB or a (H)eNB in macro/other network according to comparing the CSG ID/access mode sent to the MME from the target (H)eNB and the last known CSG ID/access mode information stored in the MME.
3. Proposal
We suggest to approval the above changes and add them as standard impacts in TR 23.829. 
*****************************The 1st Change**************************
5.2.3
Architecture variants

5.2.3.1
Architecture variant 1 for LIPA

5.2.3.1.1
General
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Figure 5.2.3.1.1.1: LIPA solution for HeNB using local PDN connection

The salient features of the architecture in Figure 5.2.3.1.1.1 are the following:

-
a Local PDN Gateway (L-GW) function is collocated with the HeNB or separately deployed in the local network;
NOTE:
Except for particular annotation, following functionality description in this variant is common for collocated and stand-alone L-GW cases.
-
the MME and SGW are located in the EPC;

-
a Security Gateway (SeGW) node is located at the edge of the operator's core network; its role (according to TS 33.320 [7]) is to maintain a secure association with the HeNB across the IP backhaul network that is considered insecure;

-
a Home router/NAT device is located at the boundary of the home-based IP network and the IP backhaul network, as typically found in DSL or cable access deployments today;

-
for completeness also depicted is an external PDN Gateway (PGW) located in the operator's core network. It is used for access to the operator services;

-
Paging of Idle mode UEs is triggered by sending the first downlink user packet or a "dummy" packet on S5. All other downlink user packets (or all user packets in case paging is performed with a "dummy" packet) are buffered in the L-GW. The Paging procedure is the same as in TS 23.401 [6]; when UE enters Connected mode, the packet buffered in SGW is forwarded on S1-U, whereas the packets buffered in the L-GW are forwarded to the HeNB on the direct path. In case the UE is paged by a "dummy" packet, the packet is discarded at the HeNB/L-GW/SGW;

Editor's note: It is FFS which of the two paging alternatives should be preferred for collocated L-GW case. For stand-alone L-GW case, only the “dummy” alternative is available.
-
For mapping of the E-RAB IDs in the HeNB with the EPS Bearer IDs in the collocated L-GW, the S5 PGW TEID (user plane) parameter is used as correlation information i.e. it is signalled across S1-MME to the HeNB. Candidate messages include INITIAL CONTEXT SETUP REQUEST or E-RAB SETUP REQUEST, etc. (refer to the call flows for illustration of messages carrying this parameter);
-
For establishment of user plane GTP tunnel of direct routing between the HeNB and the stand-alone L-GW, the MME sends a direct routing indication to the SGW in Create Session Request and Modify Bearer Request messages; and sends a direct routing indication per LIPA bearer to HeNB in Initial UE Context Setup Request and Bearer Setup Request messages. For each E-RAB received with the DR indication, the HeNB returns the user plane local network IP address and TEID to the MME in Initial UE Context Setup Response and Bearer Setup Response messages for LIPA bearer. When receiving the DR indication, the SGW sends the user plane local network IP address and TEID of HeNB to the L-GW in Modify Bearer Request, and sends the user plane local network IP address and TEID of the L-GW to the MME (and then the MME sends them to the HeNB) in Create Session Response or Initial Context Setup Request to establish the uplink and downlink direct routing tunnel for bearer of LIPA PDN.
-
with S5-PMIP the S5 PGW GRE parameter is used as correlation information;

Editor's note: support for S5-PMIP is FFS.

-
For collocated L-GW case, S5 may be tunnelled in the same IPsec tunnel as S1-MME and S1-U or in a separate IPsec tunnel (depicted in Figure 5.2.3.1.1.1 is the case with one common IPsec tunnel);
-
For collocated L-GW case, IKEv2 mechanisms are used to request one IP address each for the HeNB and the L-GW function. The assigned L-GW address is signalled to the MME via S1-MME in UE-associated signalling messages. The MME uses the information from the H(e)NB to override the normal L-GW selection algorithm, etc.
Editor's note: for stand-alone L-GW case, how the S5 is tunnelled in the same/separate IPsec tunnel of S1-MME and S1-U is FFS.
Editor's note: alternatively, the L-GW selection is performed with enhancements to the DNS mechanism. It is FFS how this can be achieved and then, which of the two alternatives for L-GW selection should be preferred. This editor's note also applies to other text occurrences referring to L-GW selection.

Depicted in Figure 5.2.3.1.1.2 is the equivalent LIPA architecture for HNB femto cells with S4-SGSN.
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Figure 5.2.3.1.1.2: The equivalent LIPA solution for HNB using local PDN connection

The following is the summary of differences compared to the architecture for HeNB femto cells described in Figure 5.2.3.1.1.1:

-
HeNB and MME replaced by HNB and SGSN, respectively;

-
Presence of HNB GW; it is connected to the HNB, SGSN and SGW via Iuh, Iu-ps and S12, respectively;

-
S11 replaced by S4.

For collocated L-GW case, the candidate protocol messages for this architecture are the following:

-
The "Optimal Routing" information (S5 PGW TEID or S5 PGW GRE) may be carried in the RAB ASSIGNMENT REQUEST message (defined in RANAP);

-
On Iu, the L-GW address and the S5 Protocol Type parameters may be carried in the INITIAL UE MESSAGE message (defined in RANAP);

-
On Iuh, the L-GW address and the S5 Protocol Type parameters may be carried in the HNB REGISTER REQUEST message (defined in HNBAP) or in the UE REGISTER REQUEST message (defined in HNBAP).
For stand-alone L-GW case, the SGSN sends the direct routing indication to the SGW in Create Session Request and Modify Bearer Request to establish the user plane GTP tunnel of direct routing between the HNB and the L-GW. And the SGSN sends the direct routing indication per LIPA bearer to the HNB in RAB ASSIGNMENT REQUEST message.
5.2.3.1.2
LIPA PDN connection establishment
The following procedure illustrates the setup of LIPA PDN connection via the UE requested PDN connectivity request procedure. Similar changes would also apply to setup of LIPA PDN connection in the attach procedure.
Collocated L-GW case
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Figure 5.2.3.1.2.1: UE requested PDN connectivity to LIPA (collocated L-GW case)
In comparison with the existing call flow for UE requested PDN connection, the following steps are worth additional explanation:

1.
UE initiates PDN connectivity request to establish PDN connection. A well defined APN or a special LIPA indication is included to indicate the desire of LIPA.
NOTE 1:
It is FFS whether a well defined APN is enough.

The S1-AP message that carries the PDN connectivity request includes the following additional parameters:

-
L-GW IP address assigned during establishment of the IPsec tunnel(s);

-
H(e)NB capability to support LIPA.


MME performs LIPA authorisation of the UE to decide whether the UE is allowed to use LIPA function or not according to the UE subscription data and the LIPA capability of the HeNB. The LIPA subscription data may be per APN, per CSG or both. The MME rejects the PDN connectivity request if the LIPA authorisation fails.

After successful LIPA authorisation, the MME uses the L-GW address provided in S1-AP signalling to select the L-GW collocated with HeNB.
2.
If there is a requirement to avoid IMSI storage in the L-GW (FFS), the MME omits the IMSI from the Create Session Request. The current condition in TS 29.274 [9] for not sending the IMSI ("If the UE is emergency attached and the UE is UICC-less") may need to be extended to cover LIPA.
6.
The S1-AP message includes the S5 PGW TEID parameter assigned by the L-GW in step 5 for each E-RAB in the E-RAB to be Setup List.
Stand-alone L-GW case
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Figure 5.2.3.1.2.2: UE requested PDN connectivity to LIPA (stand-alone L-GW case)
In comparison with the existing call flow for UE requested PDN connection, the following steps are worth additional explanation (the step 12a and 12b are new steps for stand-alone L-GW case of LIPA):

1.
UE initiates PDN connectivity request to establish PDN connection. A well defined APN or a special LIPA indication is included to indicate the desire of LIPA.
NOTE 2:
It is FFS whether a well defined APN is enough.

The S1-AP message that carries the PDN connectivity request includes the following additional parameters:

-
L-GW IP address assigned during establishment of the IPsec tunnel(s);

-
H(e)NB capability to support LIPA.


MME performs LIPA authorisation of the UE to decide whether the UE is allowed to use LIPA function or not according to the UE subscription data and the LIPA capability of the HeNB. The LIPA subscription data may be per APN, per CSG or both. The MME rejects the PDN connectivity request if the LIPA authorisation fails.

After successful LIPA authorisation, the MME uses the L-GW address provided in S1-AP signalling to select the L-GW collocated with HeNB, and marks this active PDN connection as a LIPA PDN connection.
2.
The MME sends the direct routing indication to the SGW in Create Session Request to inform the SGW that the user plane GTP tunnel of direct routing needs to be established between the HeNB and the L-GW for this bearer/PDN connection.
3.
The SGW marks this active PDN connection as a LIPA PDN connection and sends the direct routing indication to the L-GW in Create Session Request. When receiving the direct routing indication, the L-GW starts buffering the downlink data for this bearer/PDN connection until it receives a Modify Bearer Request without the direct routing indication.
4.
When receiving the direct routing indication in Step 3. The L-GW marks this active PDN connection as a LIPA PDN connection and returns user plane local network IP address and TEID to the SGW in Create Session Response.
5.
If the direct routing indication is received in step 2, the Serving GW returns a Create Session Response message with the L-GW user plane local network IP address and TEID to the MME.
6.
The MME sends Bearer Setup Request to the HeNB. This S1 control message includes L-GW user plane local network IP address and TEID of LIPA bearer. For each E-RAB for LIPA in the E-RAB to be Setup List, a direct routing indication is added.
9.
The HeNB returns Bearer Setup Response to the MME. The S1-AP message includes the user plane IP address and TEID of the HeNB used for downlink traffic. For E-RAB with direct routing indication in step 6, the HeNB returns local network user plane IP address of itself to the MME.
12.
The MME sends the HeNB user plane local network IP address and TEID with direct routing indication to the SGW in Modify Bearer Request to inform the SGW that the user plane GTP tunnel of direct routing needs to be established between the HeNB and the L-GW for this bearer/PDN connection.
12a. For LIPA bearer/PDN connection, the SGW sends the HeNB user plane local network IP address and TEID to the L-GW in Modify Bearer Request (without direct routing indication) substituting the user plane address and TEID of the Serving GW. When receiving the Modify Bearer Request, the L-GW stops buffering the downlink data and begins to send downlink data to the HeNB within the GTP tunnel between L-GW and HeNB in the local network for LIPA bearer/PDN connection.
NOTE 2:
The first downlink happens after step 12a instead of step 4 avoids data drop in LIPA bearer activation procedures.
5.2.3.1.3
Inter-HeNB mobility
Collocated L-GW case
Left intentionally empty.

Editor's note: Due to the presence of the non-optimised path (L-GW – SGW – HeNB) in parallel to the direct path, the architecture in Figure 5.2.3.1.1.1 can support mobility to another H(e)NB from the same home/enterprise network if, subsequent to the handover, it is acceptable to trombone the LIPA traffic via the operator's core network. It is FFS whether this is acceptable.
Stand-alone L-GW case
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Figure 5.2.3.1.3.1: Inter-HeNB mobility (stand-alone L-GW case)

In comparison with the existing call flow for S1-based handover procedure, the following steps are worth additional explanation:
3.
The MME sends Handover Request to the target HeNB. This S1 control message includes L-GW user plane local network IP address and TEID of LIPA bearer. For each E-RAB for LIPA in the E-RAB to be Setup List, a direct routing indication is added.
3a.
The target HeNB returns Handover Request Acknowledge to the MME. The S1-AP message includes the user plane IP address and TEID of the target HeNB used for downlink traffic and data forwarding. For E-RAB with direct routing indication in step 3, the target HeNB returns local network user plane IP address of itself to the MME.
4.
The MME sends the target HeNB user plane local network IP address (es) and TEIDs for data forwarding with direct routing indication to the SGW in Create Indirect Data Forwarding Tunnel Request to inform the SGW that the user plane GTP tunnels of direct routing for data forwarding need to be established between the target HeNB and the L-GW for the bearer(s).
5.
When receiving the direct routing indication, the SGW sends the target HeNB user plane local network IP address (es) and TEIDs for data forwarding to the L-GW in Create Indirect Data Forwarding Tunnel Request to inform the L-GW that the user plane GTP tunnels of direct routing for data forwarding need to be established between the target HeNB and the L-GW for the bearer(s).
5a.
When receiving the Create Indirect Data Forwarding Tunnel Request, the L-GW sends a Create Indirect Data Forwarding Tunnel Response with L-GW local network IP addresses and TEIDs for forwarding to the MME.
10.
The MME sends the target HeNB user plane local network IP address and TEID with direct routing indication to the SGW in Modify Bearer Request to inform the SGW that the user plane GTP tunnel of direct routing for downlink needs to be established between the HeNB and the L-GW for this bearer/PDN connection.

12a. For LIPA bearer/PDN connection, the SGW sends the HeNB user plane local network IP address and TEID to the L-GW in Modify Bearer Request (without direct routing indication) substituting the user plane address and TEID of the Serving GW. When receiving the Modify Bearer Request, the L-GW begins to send downlink data to the target HeNB within the GTP tunnel between L-GW and HeNB in the local network for LIPA bearer/PDN connection.
16.
MME sends a Delete Indirect Data Forwarding Tunnel Request message with a direct routing indication to the SGW to release the temporary resources used for indirect forwarding that were allocated at step 4, 5.
17.
SGW sends a Delete Indirect Data Forwarding Tunnel Request message with a direct routing indication to the L-GW to release the temporary resources used for indirect forwarding that were allocated at step 4, 5.
5.2.3.1.4
S1 Release procedure

Collocated L-GW case
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Figure 5.2.3.1.4.1: S1 Release procedure when LIPA PDN connection for UE exists (collocated L-GW case)
There is no impact on the S1 release procedure, except that in step 4, the HeNB informs the L-GW that UE is in Idle mode, so that L-GW enables the S5 path for paging.
Stand-alone L-GW case
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Figure 5.2.3.1.4.2: S1 Release procedure when LIPA PDN connection for UE exists (Stand-alone L-GW case)
In comparison with the existing call flow for S1 release procedure, the following steps are worth additional explanation (the step 2a and 2b are new steps for stand-alone L-GW case of LIPA):
2a.
When receiving Release Access Bearers Request, the SGW sends the direct routing indication to the L-GW in Modify Bearer Request with the user plane IP address and TEID of SGW to resume DL non-optimized routing GTP tunnel between the SGW and the L-GW for the LIPA bearer/PDN connection. When receiving the Modify Bearer Request with direct routing indication and the user plane IP address and TEID of the SGW, the L-GW starts buffering the downlink data for this bearer/PDN connection until it receives a Modify Bearer Request without the direct routing indication. When downlink data is coming, the L-GW could trigger paging the idle mode UE by sending a "dummy" packet to the SGW on S5. All user packets are buffered in the L-GW.
5.2.3.1.5
UE Triggered Service Request procedure
Collocated L-GW case
Figure 5.2.3.1.5.1 shows the service request procedure when a LIPA PDN connection has been set up for the UE.
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Figure 5.2.3.1.5.1: UE Triggered Service request procedure if LIPA PDN connection existed (collocated L-GW case)
When the UE initiates Service Request procedure to enter connected mode and there is an activated LIPA PDN connection, the MME includes the S5 PGW TEID for each E-RAB in the E-RABs to be Setup List in the S1-AP message.
Stand-alone L-GW case
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Figure 5.2.3.1.5.2: UE Triggered Service request procedure if LIPA PDN connection existed (stand-alone L-GW case)
In comparison with the existing call flow for UE triggered service request procedure, the following steps are worth additional explanation (the step 5a and 5b are mandatory steps for stand-alone L-GW case of LIPA):
2.
The S1 message includes the L-GW user plane local network IP address and UL TEID stored in the MME (as the SGW S1 user plane address and UL TEID) for the LIPA bearer in bearer activation procedures, with a direct routing indication per LIPA bearer.
4.
The HeNB returns Initial Context Setup Complete to the MME. The S1-AP message includes the user plane IP address and TEID of the HeNB used for downlink traffic. For E-RAB with direct routing indication in step 2, the HeNB returns local network user plane IP address of itself to the MME.
5.
The MME sends the HeNB user plane local network IP address and TEID with direct routing indication to the SGW in Modify Bearer Request to inform the SGW that the user plane GTP tunnel of direct routing needs to be established between the HeNB and the L-GW for this bearer/PDN connection.

5a. The SGW sends the HeNB user plane local network IP address and TEID to the L-GW in Modify Bearer Request (without direct routing indication). When receiving the Modify Bearer Request, the L-GW stops buffering the downlink data and begins to send downlink data to the HeNB within the GTP tunnel between L-GW and HeNB for LIPA bearer/PDN connection.
5b.
The L-GW sends a Modify Bearer Response to the SGW.
5.2.3.1.6
L-GW Triggered Service Request procedure
Both for collocated L-GW and stand-alone L-GW cases
Figure 5.2.3.1.6.1 shows the L-GW triggered service request procedure when a LIPA PDN connection has been set up for the UE.
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Figure 5.2.3.1.6.1: L-GW Triggered Service request procedure if LIPA PDN connection existed
In comparison with the existing call flow for Network initiated service request procedure in TS 23.401 [6] clause 5.3.4.3, the following steps are worth additional explanation:
1.
Downlink packets arriving at the L-GW are buffered in the L-GW.

2.
L-GW sends a packet or a "dummy" packet to the Serving GW in order to trigger paging.

Editor's note: It is FFS which of the two paging alternatives should be preferred for collocated L-GW case.
6.
For collocated L-GW case and stand-alone L-GW case, the UE Triggered Service Request procedures are in clause 5.2.3.1.5 respectively.
7.
Once the UE triggered Service Request procedure with LIPA PDN connection is complete, for collocated L-GW case, the Serving GW forwards the packet on S1-U. In the case of a "dummy" packet, the packet is intercepted by the HeNB and discarded (step 7a). In parallel, the downlink data that were buffered in the L-GW may start flowing on the direct path (step 7b). For stand-alone L-GW case, the SGW discard the “dummy” packet, and all the downlink data that were buffered in the L-GW may start flowing on the GTP tunnel of direct routing between the L-GW and HeNB.
5.2.3.1.7
Dedicated bearer activation
Collocated L-GW case
Figure 5.2.3.1.7.1 shows the dedicated bearer activation procedure when a LIPA PDN connection has been set up for the UE.
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Figure 5.2.3.1.7.1: Dedicated bearer activation (collocated L-GW case)
In comparison with the existing call flow for dedicated bearer activation procedure in TS 23.401 [6] clause 5.4.1, the following steps are worth additional explanation:
1.
The L-GW initiates a dedicated bearer activation procedure according to the local configuration of static policy functions in the L-GW.

3.
The S1-AP message includes the S5 PGW TEID parameter assigned by the L-GW in step 2 for each E-RAB in the E-RAB to be Setup List.
Stand-alone L-GW case
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Figure 5.2.3.1.7.2: Dedicated bearer activation (Stand-alone L-GW case)
In comparison with the existing call flow for dedicated bearer activation procedure in TS 23.401 [6] clause 5.4.1, the following steps are worth additional explanation:
1.
The L-GW initiates a dedicated LIPA bearer activation procedure according to the local configuration of static policy functions in the L-GW. The L-GW user plane local network IP address and TEID are included in the Bearer Context.
2.
When the SGW receives the Create Bearer Request for an existing LIPA PDN connection, the SGW sends the Create Bearer Request (SGW S1 user plane IP address and TEID, L-GW user plane local network IP address and TEID, LBI) message to the MME, and the value of SGW S1 user plane IP address and TEID is substituted with the L-GW user plane local network IP address and TEID by the SGW.
3.
The MME sends Bearer Setup Request to the HeNB. This S1 control message includes L-GW user plane local network IP address and TEID of LIPA bearer. For each E-RAB for LIPA in the E-RAB to be Setup List, a direct routing indication is added.

5.
The HeNB returns Bearer Setup Response to the MME. The S1-AP message includes the user plane IP address and TEID of the HeNB used for downlink traffic. For E-RAB with direct routing indication in step 3, the HeNB returns local network user plane IP address of itself to the MME.
8.
The MME sends the HeNB user plane local network IP address and TEID to the SGW in Create Bearer Response.
9.
When receiving the Create Bearer Response for the LIPA bearer/PDN connection, the SGW sends the Create Bearer Response (EPS Bearer ID, HeNB user plane local network IP address and TEID) message to the L-GW.
5.2.3.1.8
Standards impacts

The following interface change is needed to support the user subscription enabling LIPA per CSG basis:

-
SGSN/MME/HSS (Gr/S6d/S6a): transmission of the flag from HSS to SGSN/MME: adding the transmission of the flag from the HSS to the SGSN/MME over the Gr/S6d/S6a interface (Stage 3 only as this is included in the CSG subscription data).

The following functional changes need to be added to the standard to support this solution:

-
Including the LIPA_enabled flag (per APN and per CSG) in the user's subscription data stored in the HSS/HLR and transferred to the MME/SGSN;
-
For collocated L-GW case, (E-)RAB setup messages on Iu-ps/S1: addition of new correlation identifier (user plane L-GW TEID) for each E-RAB in the E-RAB to be Setup List;
-
Adding the transmission of the IP address of the L-GW in UE-associated signalling on Iu-ps/S1;

-
SGSN/MME: L-GW selection: algorithm for L-GW (GGSN/S-GW/P-GW) selection is enhanced to take in account the IP address of the L-GW received from the RAN node. Also need to account for the LIPA_enabled flag processing.

Editor's note: the last two bullets apply to the option with L-GW address signalled from the RAN. Alternatively, the L-GW selection is performed with enhancements to the DNS mechanism. It is FFS how this can be achieved and then, which of the two alternatives for L-GW selection should be preferred.

NOTE:
For additional impact due to stand-alone L-GW refer to the conclusion section.
There is no impact on S1-U or S5.

There is no impact on the Serving Gateway behaviour.
*****************************The 2nd Change**************************
7.2
Conclusion on LIPA

For the support of LIPA, solution 1 variant 1 (described in section 5.2 and more specifically section 5.2.3.1) is selected as the basis for LIPA to be included in normative specifications, supporting both a collocated and stand-alone L-GW as well as mobility.

The identified impacts common to collocated and stand-alone L-GW configurations are the following:

-
a LIPA_enabled flag (per APN and per CSG) in the user's subscription data stored in the HSS/HLR and transferred to the MME/SGSN;

-
SGSN/MME/HSS (Gr/S6d/S6a): transmission of the flag from HSS to SGSN/MME: adding the transmission of the LIPA_enabled flag from the HSS to the SGSN/MME over the Gr/S6d/S6a interface (Stage 3 only as this is included in the CSG subscription data);

-
SGSN/MME: L-GW selection: algorithm for L-GW (GGSN/S-GW/P-GW) selection is enhanced to take in account the LIPA_enabled flag;


-
Adding the transmission of the IP address of the L-GW in UE-associated signalling in the uplink, or, alternatively, DNS-based L-GW selection;

-
Possible Multicast support in the L-GW.

The additional impacts to support the collocated L-GW configuration are the following:

-  (E-)RAB setup messages: addition of new correlation identifier (user plane L-GW TEID) for each (E-)RAB in the (E-)RAB to be Setup List;

The additional impacts to support the stand-alone L-GW configuration are the following:
-  S4-SGSN/MME (S1/S4/S11): sends a direct routing indication to the SGW in Create Session Request, Modify Bearer Request and Create Indirect Data Forwarding Tunnel Request for LIPA bearer/PDN connection. For each LIPA (E-) RAB in the (E-) RAB to be Setup List of S1AP messages, the MME adds a direct routing indication.
-
SGW: When receiving the direct routing indication, 
for UE requested LIPA PDN connectivity procedure, the SGW sends the direct routing indication to L-GW in Create Session Request, sends the HeNB user plane local network IP address and DL TEID (substituting SGW S5 user plane IP address and TEID) to L-GW in Modify Bearer Request and sends the L-GW user plane local network IP address and UL TEID (substituting SGW S1 user plane IP address and TEID) to the MME in Create Session Response;
For inter-HeNB mobility, the SGW forwards Create Indirect Data Forwarding Tunnel Request/Response between L-GW and target HeNB, sends the HeNB user plane local network IP address and DL TEID (substituting SGW S5 user plane IP address and TEID) to L-GW in Modify Bearer Request;
For S1 Release procedure, when LIPA PDN connection for UE exists, the SGW sends the direct routing indication to the L-GW in Modify Bearer Request with the SGW S5 user plane IP address and DL TEID;
For UE Triggered Service request procedure, if LIPA PDN connection existed, the SGW sends the HeNB user plane local network IP address and DL TEID (substituting SGW S5 user plane IP address and TEID) to the L-GW in Modify Bearer Request (without direct routing indication);
For L-GW Triggered Service Request procedure, after the SGW triggered paging of the UE by receiving downlink “dummy” data, the SGW discard the “dummy” data;
For dedicated bearer activation procedure of LIPA PDN connection, the SGW sends the L-GW user plane local network IP address and UL TEID (substituting SGW S1 user plane IP address and TEID) to the MME in the Create Bearer Request and sends the HeNB user plane local network IP address and DL TEID (substituting SGW S5 user plane IP address and TEID) to L-GW in Create Bearer Response.
-
L-GW: 
When the local PDN GW receives the direct routing indication in Create Session Request, the L-GW starts buffering the downlink data for this bearer/PDN connection, marks this active PDN connection as a LIPA PDN connection and returns user plane local network IP address and TEID to the SGW in Create Session Response. 
When the local PDN GW receives the direct routing indication in Modify Bearer Request, the L-GW starts buffering the downlink data for this bearer/PDN connection until it receives a Modify Bearer Request without the direct routing indication, and in succession when downlink data is coming, the L-GW triggers paging the idle mode UE by sending a "dummy" packet to the SGW on S5. All user packets are buffered in the L-GW.
When receiving the Modify Bearer Request without the direct routing indication, the L-GW stops buffering the downlink data and begins to send downlink data to the HeNB within the GTP tunnel between L-GW and HeNB for LIPA bearer/PDN connection. 
When the L-GW initiates a dedicated LIPA bearer activation procedure according to the local configuration of static policy functions in the L-GW, the L-GW user plane local network IP address and TEID are included in the Bearer Context.
When receiving the Create Indirect Data Forwarding Tunnel Request, the L-GW sends a Create Indirect Data Forwarding Tunnel Response with L-GW local network IP addresses and TEIDs for forwarding to the MME.
-
H(e)NB: When the H(e)NB receives the direct routing indication per (E-)RAB in S1/Iu message in the (E-)RAB to be Setup List of S1AP messages, the H(e)NB returns user plane local network IP address of itself to the MME.
*************************End of the Changes**************************
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