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Abstract of the contribution:

There are several ways to achieve L-GW selection in current TR 23.859 section 5.2.2. This paper makes a discussion and tries to get a conclusion that which way is better for further approval. Further, this paper considers the triggers of LIPA and SIPTO@LN connection (re)establishment which is related with L-GW selection mechanisms and tries to collect all the factors triggering the LIPA and SIPTO@LN connection (re)establishment.
1 Introduction
For the collocated L-GW case, the H(e)NB includes the L-GW address in every INITIAL UE MESSAGE and every UPLINK NAS TRANSPORT (or UTRAN Originated DIRECT TRANSFER) control message. This has been specified in R10. In such case, the presence of the L-GW address also indicates implicitly that the LIPA feature is supported by the H(e)NB.
For the standalone L-GW case, the L-GW@CN address needs to be provided to the MME/SGSN. Two kinds of alternatives to achieve that are as the follows:
· RAN-based alternative:
The H(e)NB can report the L-GW@CN address using the same way as the collocated L-GW case. The key issues are how the H(e)NB gets the L-GW@CN address information and which L-GW is selected if there are multiple L-GW configured on the H(e)NB. 
· DNS-based alternative:
A dynDNS mechanism is used to register the L-GW@CN address and other information (e.g. L-GW@LN address) to the DNS system after the L-GW gets the address from the SeGW. The MME/SGSN uses the H(e)NB ID or the LHN ID as a FQDN to query the DNS server to select the suitable L-GW. 
We should decide which alternative of L-GW selection is better for standalone L-GW case and list the details for further evaluation. Further, whether LIPA or SIPTO@LN is supported by the local network should also be considered for evaluation.
2 Discussion
2.1 L-GW selection
2.1.1 DNS-based alternative

This approach would require the L-GW to register the L-GW@CN address to a DNS server in the operator network. This can be done by running a DNS update from the L-GW after obtaining the address from the SeGW(dynDNS). The MME/SGSN uses LHN ID or H(e)NB ID to query the DNS server to obtain the L-GW@CN address. The L-GW also provides the APN during the registration to the DNS server, which indicates whether the L-GW supports LIPA only, or SIPTO@LN only or LIPA and SIPTO@LN both. When the MME/SGSN uses APN as a FQDN to query the DNS server, the MME/SGSN can know the capability of the L-GW and consider it as a factor to decide whether to establish a LIPA/SIPTO@LN or not.
Analysis: the L-GW belongs to the residential or the enterprise which is deployed in the local network. It is out of the mobile operator’s control. The auto-configuration of the L-GW will make frequent dynDNS registration to the DNS server in the operator network. The DNS server in the operator network will become complexity due to the dynamic registration procedure. 

2.1.2 RAN-based alternative

This approach is the same as collocated case in R10 which reports L-GW address via S1/Iu message. Thus it requires the H(e)NB be informed about the L-GW@CN address before the UE requests the LIPA connection. Two sub-options have existed in TR 23.859, a simple analysis of them and a new informed way is put forward here.
i. H(e)NB obtains L-GW@CN by interacting with DNS server in operator Network. The L-GW registers L-GW@CN to the DNS server and the H(e)NB can query the DNS server with LHN ID to obtain the corresponding L-GW@CN address.
Analysis: If there is L-GW@CN resisted in the DNS server in the operator network, the MME/SGSN can directly query the DNS server with LHN ID to obtain the L-GW@CN address. There is no need to get the L-GW@CN address and transfer the L-GW@CN in S1/Iu message.
ii. The H(e)NB obtains the L-GW@CN address from local network. The H(e)NB and L-GW can discover each other via local network discovery mechanisms, e.g. via the local network DNS, DHCP, UPnP or deployment configurations, etc. The local discovery normally would only provide H(e)NB with the L-GW@LN address. After the discovery, the H(e)NB and L-GW can attempt the establishment of a Sxx interface to exchange the addresses allocated by the core network.
Analysis: This option relies on whether the Sxx interface has control plane or not. It can be adopted as a way of H(e)NB obtains the L-GW@CN address when the Sxx with both control and user plane is approved to support LIPA for standalone L-GW. 
iii. Adding a new method for the H(e)NB to obtains L-GW@CN address:
The L-GW registers L-GW@CN address to the local DNS server or the HMS after it gets the address from the SeGW. The H(e)NB can query the local DNS server with LHN ID to get the information of L-GW@CN address. Or the HMS sends the information of L-GW@CN address to the H(e)NB when it configures or updates the parameters on the H(e)NB.
Analysis: The dynDNS mechanism in the local network does not affect the current core network function. This can be chosen as an application method that does not be specified in 3GPP. The HMS manages the configuration parameters of H(e)NB, it can extend the function to support the H(e)NB to obtain L-GW@CN address. 
In all the methods above, the H(e)NB should also retrieve the APN information related with L-GW@CN address, which indicates whether the L-GW supports LIPA only, or SIPTO@LN only or LIPA and SIPTO@LN both.

As described in TR 23.859 section 5.2.2.2.5, if there are multiple L-GWs in the LHN, the H(e)NB can be configured with all the L-GW@CN address and corresponding APNs which support for each L-GW. The L-GW’s information should be transferred to MME/SGSN in S1/Iu message for choosing proper L-GW based on available information (e.g. UE requested APN). 
Conclusion: The RAN-based alternative has less effect on current core network and the approach is basically the same as collocated case of R10. Thus we propose to choose the RAN based alternative as a way forward and consider the LIPA/SIPTO@LN connection (re)establishment based on this alternative.
2.2 LIPA/SIPTO@LN connection (re)establishment
If we choose the RAN based alternative as a way forward, we can use the similar mechanism for the MME/SGSN to decide whether a LIPA connection is established with Rel-10.

For SIPTO@LN case, if the RAN based alternative, the MME/SGSN can know whether L-GW supports SIPTO@LN or not via S1/Iu message. However, the MME/SGSN should further consider other factors, such as the operator policy (e.g. SIPTO above RAN has high priority), the load of the operator network, etc.
When the UE requests a PDN connection in a local network and subscription indicates both SIPTO above RAN and SIPTO@LN for corresponding APN are supported, the MME/SGSN should decide whether SIPTO above RAN or SIPTO@LN to be established based on the factor above.

If the UE moves to a local network and already have a PDN connection of SIPTO above RAN, when the MME/SGSN finds the L-GW supporting SIPTO@LN via S1/Iu message and the subscription indicating that both SIPTO above RAN and SIPTO@LN for corresponding APN are supported, the MME/SGSN should decide whether to decide to deactivate the current SIPTO PDN connection and trigger the PDN connection re-establishment for SIPTO@LN.
3 Proposal

Through above analysis, we suggest to approve the RAN based alternative as the way to achieve L-GW selection. It has less effect on current core network and the approach is basically the same as collocated case of R10.

We suggest adding a new option as the candidate solution for the H(e)NB to get the L-GW information.
We also propose add some factor for the MME/SGSN to decide whether to (re)establish a PDN connection of SIPTO@LN.
The following changes are suggested in TR 23.859 v0.5.0:

************************************Start of the first change**********************************

5.2.2.2.5 
Signalling the L-GW@CN address to the SGSN/MME

In case of the collocated L-GW, the H(e)NB includes the L-GW address in every INITIAL UE MESSAGE and every UPLINK NAS TRANSPORT (or UTRAN Originated DIRECT TRANSFER) control message.

For the standalone L-GW case, the L-GW@CN address needs to be provided to the SGSN/MME. Following are two kinds of alternatives to achieve that:

a)
RAN-based alternative: Keep the procedures for collocated L-GW, i.e. the H(e)NB informs the SGSN/MME of L-GW@CN address via Iu/S1.

However, this approach requires the H(e)NB be informed about the L-GW@CN address before the UE requests for a LIPA connection. A few sub-options are listed below for the case of single L-GW in the Local H(e)NB Network:

i.
H(e)NB obtains L-GW@CN by interacting with Core Network entities, for example a DNS server in the Core Network. In this option, the L-GW registers L-GW@CN to the Core Network entities, e.g. DNS server in the Core Network. The H(e)NB can query the DNS server with the Local H(e)NB Network ID to obtain the corresponding L-GW@CN address. Note that the DNS server can be deployed for serving only the H(e)NBs.

ii.
The H(e)NB obtains the L-GW@CN address from local network. As H(e)NB and L-GW are user premises entities, they can discover each other via local network discovery mechanisms, e.g. via the local network DNS, DHCP, UPnP or deployment configurations, etc. The Core Network does not need to be aware of the mechanism employed for this local discovery. Note that these discovery mechanisms normally would only provide H(e)NB with the L-GW@LN address. After the discovery, the H(e)NB and L-GW can attempt the establishment of a Sxx interface, and exchange the information of addresses allocated by the Core Network, i.e. L-GW@CN address and H(e)NB@CN address using the control plane.
iii. The H(e)NB obtains the L-GW@CN address from local DNS server or HMS. The L-GW registers L-GW@CN address to the local DNS server or the HMS after it gets the address from the SeGW. The H(e)NB can query the local DNS server with LHN ID to get the information of L-GW@CN address supported for each L-GW. Or the HMS sends the information of L-GW@CN address supported for each L-GW to the H(e)NB when it configures or updates the parameters on the H(e)NB.
In all the methods above, the H(e)NB should also retrieve the APN information related with L-GW@CN address, which indicates whether the L-GW supports LIPA only, or SIPTO@LN only or LIPA and SIPTO@LN both.

In case there are multiple L-GWs in the local network, the Core Network node, e.g. SGSN/MME, may need to be involved in the selection of the L-GW. In order to support that, the H(e)NB needs to send all the eligible L‑GWs' information (e.g. L-GW@CN address and APN supported for each L-GW) to the SGSN/MME, and the SGSN/MME can select the proper L-GW based on available information, e.g. UE requested APN.

b)
DNS-based alternative: Instead of the sending the L-GW@CN, the H(e)NB only indicates either the Local H(e)NB Network ID in the message towards SGSN/MME. The SGSN/MME would then use that information to query a DNS server in the Core Network to obtain the L-GW@CN address.

This approach would require the L-GW to register the L-GW@CN address, the L-GW@LN address/FQDN to a DNS server in the Core Network. This can be done by running a DNS Update from the L-GW after obtaining the address from the SeGW (dynDNS).


This registration needs to provide the DNS server with all the APNs that can be supported by the L-GW, and all the H(e)NBs that can locally connected to the L-GW (i.e. the Local H(e)NB Network ID). When the UE requests a LIPA PDN connection, the SGSN/MME queries the DNS server using the requested APN, the Local H(e)NB Network ID, etc.

NOTE: 
In Rel-10 procedure for L-GW selection, when there is no L-GW@CN address provided by the H(e)NB, the MME would either reject the LIPA PDN connection request (for "LIPA Only" APN), or setup a non LIPA PDN connection (for "LIPA conditional" APN). Therefore, in order to be backward compatible, the H(e)NB needs to indicate a preset address, e.g. 0.0.0.0, to the SGSN/MME, which would trigger the DNS query.

************************************End of the first change**********************************
************************************Start of the second change**********************************

5.4.1.1
Solution 1: per APN SIPTO@LN re-using Rel-10 SIPTO above the RAN procedures

This solution takes into account the use cases for per APN SIPTO@LN specified in clause 4.1.2.1 (Scenario 1).

It is proposed to re-use the procedure for SIPTO above the RAN defined in Release 10. The proposed solution consists of releasing a PDN connection of a particular APN towards a PDN-GW followed by the establishment of a new PDN connection to the local network using the same APN where the network selects an L-GW in the local network.

For all use cases defined in 4.1.2.1, it is assumed that:

-
SIPTO@LN is authorised for the UE and the APN;

-
The L-GW supports the APN being offloaded;

-
The mobile operator network is aware that the local network (i.e. Local H(e)NB Network, L-GW) supports SIPTO@LN via the S1/Iu message including the L-GW@CN address corresponding APN being offloaded..
The procedure for per APN SIPTO@LN for each case described in the scenarios clause (clause 4.1.2.1) is:

For case 1, the mobile operator network may select an L-GW in order to offload immediately the PDN connection locally using the same APN.

For cases 2 to 5, the procedure of SIPTO@LN by the network consists of the release of the PDN connection terminated at the PDN-GW in the mobile operator network, followed by the establishment of a new PDN connection to the same APN whereby the network will select an L-GW in the Local H(e)NB Network.

If the user needs to also access resources in the local network in parallel, the UE need to establish a separate PDN connection for LIPA (i.e. to a LIPA specific APN).

************************************End of the second change**********************************

************************************Start of the third change**********************************

5.4.2.2
Solution 1

A solution similar to the Rel-10 SIPTO solution, which has added SIPTO specific permission information to each APN, is used. To support the requirement that it shall be possible for an operator to allow/disallow SIPTO@LN on a per subscriber basis for SIPTO permitted APNs, the SIPTO Permissions have a new value defined to specifically allow SIPTO@LN. In short the SIPTO Permissions have the following three values:

-
SIPTO Prohibited,

-
SIPTO Allowed (excluding SIPTO@LN),

-
SIPTO Allowed including SIPTO@LN (new value).

-
SIPTO@LN Allowed only (new value).

“SIPTO@LN Allowed” indicates that the user has provided consent to allow the network to offload UE traffic in the local network and network operator permission on per user per APN granularity.

The "SIPTO Allowed" value implies that SIPTO at /above the RAN  is permitted, but SIPTO@LN  is not.

As concluded in Rel-10, the LIPA Permissions and SIPTO Permissions are mutually exclusive. For Rel-12, the same principle should be applied between SIPTO@LN permissions and LIPA permission, i.e., if SIPTO permission is set to “SIPTO-allowed”, “SIPTO Allowed including SIPTO@LN” or “SIPTO@LN Allowed only”, the LIPA permission shall be set to LIPA-prohibited

The "SIPTO Allowed including SIPTO@LN" value is used by the MME/SGSN to determine if it can:

-
select a P-GW for providing SIPTO at/above RAN when the user is in a macro cell, or

-
select a P-GW for providing SIPTO at/above RAN or an L-GW for providing SIPTO@LN for an APN when user is in a local network.
If this value is included in the subscription for corresponding APN when the users is in a local network, the MME/SGSN should decides whether to select a PGW for providing SIPTO at/above RAN or an L-GW for providing SIPTO@LN based on the APN included in the S1/Iu message, the operator policy (e.g. SIPTO above RAN has high priority), the load of the operator network, ect.

Moreover,  the existing SIPTO Rel-10 solution allowing the HPLMN to indicate to the VPLMN if SIPTO is allowed or not for a given user is also applicable to SIPTO@LN.

************************************End of the third change**********************************

************************************Start of the forth change**********************************

6
Conclusions
For Key issue #L1: "Architecture for LIPA mobility", it is agreed that the solution 1 described in clause 5.2.1.1, "Architecture solution 1: Standalone logical L-GW" will be adopted as the baseline architecture.
For Key issue#L2: “L-GW selection and addressing”, RAN based alternative is adopted to signal the L-GW@CN addresses to the core network. The H(e)NB informs the MME/SGSN of the L-GW’s information (e.g. L-GW@CN address and corresponding APN supported for each L-GW) via S1/Iu. The MME/SGSN chooses the proper L-GW based on available information (e.g. APN).
************************************End of the second change**********************************
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