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Discussion

This contribution completes the description of Solution 1 Variant 1.

Inter—HeNB mobility is not handled in this paper. For discussion on inter-HeNB mobility refer to the companion paper submitted for this meeting (S2-102493).
At the end of the paper there is a summary of protocol impacts. It is noteworthy that this solution has no Serving Gateway impacts.

********************************** START OF CHANGE *************************************
5.2.3
Architecture variants

5.2.3.1
Architecture variant 1 for LIPA
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Figure 5.2.3.1-1: LIPA solution for HeNB using local PDN connection

The salient features of the architecture in Figure 5.2.3.1-1 are the following:

-
a Local PDN Gateway (L-GW) function is collocated with the HeNB;

-
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;


NOTE 1:
The “dummy” packet may be an ICMP Ping message or an ARP message to UE’s address. The details regarding the “dummy” packet will be determined during the specification stage.

-
with S5-GTP the S5 PGW TEID parameter is used as "optimal routing" 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);

-
with S5-PMIP the S5 PGW GRE parameter is used as "optimal routing" information;

-
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 is the case with one common IPsec tunnel);

-
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.;
-
the supported protocol on S5 (GTP vs PMIP) is signalled to the MME via S1-MME: candidate messages include S1 SETUP REQUEST or INITIAL UE MESSAGE, etc.
Depicted in Figure 5.2.3.1-2 is the equivalent LIPA architecture for HNB femto cells with S4-SGSN.
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Figure 5.2.3.1-2: 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:

-
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.
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).


5.2.3.2 
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.
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Figure 5.2.3.2-1: UE requested PDN connectivity to LIPA

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 LIPA PDN connection. A well defined LIPA APN or a special LIPA indication is included to indicate the desire of LIPA. 

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;


If MME receive the PDN connectivity request message with a well defined LIPA APN or a LIPA indication, it 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.
2-3. IMSI shall not be provided to L-GW in Create Session Request. The current condition in TS 29.274 [x] for not sending the IMSI (“If the UE is emergency attached and the UE is UICCless”) needs to be extended to cover LIPA.
6.
The S1-AP message includes the S5 TEID parameter assigned by the L-GW in step 5 for each E-RAB in the E-RAB to be Setup List.

5.2.3.3 
Inter HeNB Mobility
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 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.

5.2.3.4
S1 Release Procedure
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Figure 5.2.3.4-1: S1 Release Procedure when LIPA PDN connection for UE exists

The only impact on the S1 Release procedure is that in step 4 the HeNB needs to release the S5 TEIDs.

5.2.3.5 
UE Triggered Service Request Procedure
Figure 5.2.3.5-1 shows the service request procedure when there is LIPA PDN connection has been set up for the UE.
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Figure 5.2.3.5-1 UE Triggered Service request procedure if LIPA PDN connection existed 
When the UE initiates Service Request procedure to enter connected mode and there is activated LIPA PDN connection, the MME includes the S5 TEID for each E-RAB in the E-RABs to be Setup List in the S1-AP message.

5.2.3.6 
L-GW Triggered Service Request Procedure
Figure 5.2.3.6-1 shows the L-GW triggered service request procedure when there is LIPA PDN connection has been set up for the UE.
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Figure 5.2.3.6-1 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 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.

7.
Once the UE triggered Service Request Procedure with LIPA PDN connection is complete, 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)

5.2.3.7 
Summary of protocol impacts

Changes to the LTE NAS protocol (24.301):
· LIPA indication in the PDN Connectivity Request.

Changes to the S1-AP protocol (36.413):

· E-RAB SETUP REQUEST message and INITIAL CONTEXT SETUP REQUEST message : addition of S5 TEID for each E-RAB in the E-RAB to be Setup List;
· Addition of several parameters in UE-associated signalling messages in the HeNB to MME direction: L-GW IP address and H(e)NB capability to support LIPA.

There is no impact on S1-U or S5.

There is no impact on the Serving Gateway behaviour.
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6. UE Triggered Service Request Procedure with LIPA PDN Connection
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