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1 Introduction
At RAN3#61 text proposals for two methods for handling of C-Plane in case of GW deployment scenarios have been agreed, one that foresees to add global node identifiers into each S1 message, and one that foresees to manipulate the context ids with the GW.

A third method was proposed by NSN in R3-082166, but there was no time to bring the document into shape to fit it into R3.020. This document builds on R3-082166 and attempts to deliver the respective text.

The paper also discusses reasons why the approach taken in R3-082166 is efficient and functional.

2 Discussion

In RAN3#61 the C-Plane for HeNB deployments was discussed.  In the context of HeNB deployments supported by a HeNB GW it was discussed that the HeNB GW will either need to perform inspection of S1AP PDUs in order to understand how to route them to the right MME/HeNB or it will have to manipulate the S1AP PDUs by changing S1AP IDs and relaying the PDUs across different S1 interfaces (one between the HeNB and the HeNB GW and another between the HeNB GW and the MME).

In the solution presented in R3-082166 the S1AP PDU inspection is reduced to the minimum, therefore minimising S1AP PDU forwarding delays at the HeNB GW. The solution proposed allows the HeNB GW to simply forward the S1AP PDUs on the basis of their SCTP context association, i.e. in a way very similar to routing of IP packets. 
2.1 Minimising S1AP PDU handling at HeNB GW

The solution proposed in R3-082166 is based on the assignment of S1AP IDs  by the HeNB GW to the HeNB.  This can happen by allowing the HeNB GW to pre-configure and send a range of S1AP IDs for HeNB use within S1AP setup procedures.

This process is very simple to implement as it would consists of forwarding the range of eNB UE S1AP ID to the HeNB within the S1 SETUP RESPONSE message for the setup of the S1 interface between HeNB and HeNB GW.  The idea behind this process is that of leaving the current status of the MME and of S1 procedures engaged with the MME untouched, i.e. the process requires very limited changes only on the S1 setup procedures between the HeNB and the HeNB GW.  
The benefit achieved by implementing this solution is that the S1AP established between the HeNB and the HeNB GW will not suffer from duplicated eNB UE S1AP IDs, as it would happen if such ID was selected by the HeNB.  Therefore, it will be possible to ensure that the S1AP identifiers used for dedicated procedures on the S1 between the HeNB and the HeNB GW will be the same of those used for the S1 between the HeNB GW and the MME.  This allows the HeNB GW to forward S1AP messages on the sole basis of their SCTP association and without the need of any S1AP message processing or manipulation.  
It has to be noticed that if a HeNB GW is not deployed and the HeNB is directly connected to the MME, the HeNB will not receive a eNB UE S1AP ID in the S1 SETUP RESPONSE, hence the S1 setup procedures will reduce to the one standardised for macro eNBs. 

2.2 S1AP ID exchange between HeNB and HeNB GW

The figure below shows how the S1AP IDs are set for the S1 interface between HeNB and HeNB GW and HeNB GW and MME.
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Figure 1. S1 setup procedures between HeNB and HeNB GW and between HeNB GW and MME

The message sequence chart is explained below:

1. The HeNB sends an S1 SETUP REQUEST to the HeNB GW
2. HeNB GW sends a S1 SETUP REQUEST to the MME. 
Note: Prior to the latter procedures, in case of S1 flex, the HeNB GW performs the NNSF
3. The MME replies with a S1 SETUP RESPONSE 
4. HeNB GW replies with a S1 SETUP RESPONSE in which is included a range of eNB UE S1AP ID the HeNB will be able to use.  One of the IDs in this range is selected by the HeNB for use in S1AP messages.
Note: due to the fact the HeNB does not perform NNSF and that there is only one SCTP association between HeNB and HeNB GW the range of eNB UE S1AP IDs assigned to the HeNB shall be made of unique IDs with respect to the whole pool of MMEs accessible by the HeNB GW
5. The HeNB sends an INITIAL UE MESSAGE to the HeNB GW, which includes the unique eNB UE S1AP ID = H1*
6. Before replying to message 5 the HeNB GW sends an INITIAL UE MESSAGE to the MME using the same eNB UE S1AP ID adopted by the HeNB, i.e. H1*
7. The MME will send an S1AP message to the HeNB GW as a consequence of receiving the INITIAL UE MESSAGE.  This message will necessarily contain an eNB UE S1AP ID and a MME UE S1AP ID.  Obviously, the eNB UE S1AP ID in this message will equal H1* and the MME UE S1AP ID will be autonomously and uniquely chosen by the MME – we will call it M1*
Note: after this point the S1AP identifiers for the interface between HeNB GW and MME have been uniquely selected as H1* and M1*
8. The HeNB GW sends an S1AP message to the HeNB as a consequence of receiving message 5.  This message will necessarily contain an eNB UE S1AP ID and a MME UE S1AP ID.  Obviously, the eNB UE S1AP ID in this message will equal H1* and the MME UE S1AP ID will be chosen by the HeNB GW so to match M1*
Note: after this point the S1AP identifiers for the interface between HeNB and HeNB GW have been selected so to match the identifiers on the S1 between HeNB GW and MME, i.e. the identifiers are H1* and M1*

It should be added that new ranges of S1AP IDs could be allocated to HeNBs via eNB CONFIGURATION UPDATE messages in case the HeNB is in need of more S1AP IDs than it was initially allocated.  The counter procedure of de-allocating a block of S1AP IDs from a HeNB could also be possible via eNB CONFIGURATION UPDATE messages.  
2.3 Routing of S1AP PDUs via HeNB GW

Each S1AP message will be transported via a SCTP connection.  Therefore, the HeNB GW will need to maintain mapping between the S1AP interface and the SCTP connection in order to transmit S1AP messages within the right SCTP context.   

If the eNB UE S1AP ID selected by the HeNB out of the assigned range is unique then the mapping between eNB UE S1AP ID and SCTP connection will be unique too.  This means that just by looking at the SCTP stream identifiers on which the S1AP message has been sent the HeNB GW can derive its association to a SCTP context and can route the S1AP message to the next appropriate SCTP link.  This is of course based on the fact that the HeNB GW will also maintain routing tables between SCTP contexts on northbound and southbound interface.
In light of the above, the uniqueness of the S1AP IDs at the HeNB can be better appreciated.  Indeed, when the HeNB GW receives S1AP messages from the HeNB it will not need to inspect the S1AP PDUs in order to route them to the northbound interface with the MME because from the southbound SCTP context it will be possible to immediately detect the northbound SCTP context on which the messages shall be forwarded.  In other words the S1AP message routing becomes an issue of SCTP message routing.  In the same way, when receiving S1AP messages from the MME the HeNB GW will need to route them to the opportune SCTP connection by only looking at the SCTP routing tables.
Also, the HeNB GW will not need to manipulate the eNB UE S1AP ID when forwarding the S1AP message to the MME, i.e. eNB UE S1AP ID for S1 between HeNB and HeNB GW is equal to eNB UE S1AP ID for S1 between HeNB GW and MME. In the same way the MME UE S1AP ID for S1 between HeNB and HeNB GW can be set equal to MME UE S1AP ID for S1 between HeNB GW and MME.  In this way there is no need for the HeNB GW to manipulate S1AP messages at all and they can simply be relayed from one interface to another, as shown in Figure 2.  
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Figure 2. Routing of S1AP messages between HeNB and MME with HeNB GW relaying support
3 Conclusion

In section 2 it has been explained that, provided the HeNB GW maintains mapping between S1AP interface and associated SCTP context, the solution proposed allows for simple and efficient handling of S1AP PDUs at the HeNB GW.  According to this proposal handling of S1AP PDUs is reduced to PDU forwarding from one SCTP connection to another, in a way similar to IP routing. 

It is proposed that the text below is included in the internal TR 3.020.

4
Proposal

6.2.1.2.4
Method 4:
-
HeNB Gateway pre-configuring of eNB UE S1AP ID for HeNB

The proposed method for routing of S1AP messages in HeNB GW with aggregation of S1AP interface instances towards MME does not introduce the necessity of any kind of manipulation of S1AP message within the HeNB GW such as exchange of S1AP IDs.

This method allows the MME to act towards the GW as towards any other (macro) eNB.

This method introduces pre-configuration of eNB UE S1AP IDs to be used by the HeNB for any UE dedicated S1AP message.

In a way similar to Method 3, the GW has to memorise S1AP IDs and SCTP context details for any UE-associated signalling connection.  Figure 6.2.1.2.4-1 shows the steps needed to establish the S1 connections between HeNB, HeNB GW and MME.
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Figure 6.2.1.2.4-1. S1 setup procedures between HeNB and HeNB GW and between HeNB GW and MME

The message sequence chart is explained below:

1. The HeNB sends an S1 SETUP REQUEST to the HeNB GW

2. HeNB GW sends a S1 SETUP REQUEST to the MME. 
Note: Prior to the latter procedures, in case of S1 flex, the HeNB GW performs the NNSF
3. The MME replies with a S1 SETUP RESPONSE

4. HeNB GW replies with a S1 SETUP RESPONSE in which is included a range of eNB UE S1AP ID the HeNB will be able to use.  One of the IDs in this range is selected by the HeNB for use in S1AP messages.
Note: due to the fact the HeNB does not perform NNSF and that there is only one SCTP association between HeNB and HeNB GW the range of eNB UE S1AP IDs assigned to the HeNB shall be made of unique IDs with respect to the whole pool of MMEs accessible by the HeNB GW
5. The HeNB sends an INITIAL UE MESSAGE to the HeNB GW, which includes the unique eNB UE S1AP ID = H1*
6. Before replying to message 5 the HeNB GW sends an INITIAL UE MESSAGE to the MME using the same eNB UE S1AP ID adopted by the HeNB, i.e. H1*
7. The MME will send an S1AP message to the HeNB GW as a consequence of receiving the INITIAL UE MESSAGE.  This message will necessarily contain an eNB UE S1AP ID and a MME UE S1AP ID.  Obviously, the eNB UE S1AP ID in this message will equal H1* and the MME UE S1AP ID will be autonomously and uniquely chosen by the MME – we will call it M1*
Note: after this point the S1AP identifiers for the interface between HeNB GW and MME have been uniquely selected as H1* and M1*
8. The HeNB GW sends an S1AP message to the HeNB as a consequence of receiving message 5.  This message will necessarily contain an eNB UE S1AP ID and a MME UE S1AP ID.  Obviously, the eNB UE S1AP ID in this message will equal H1* and the MME UE S1AP ID will be chosen by the HeNB GW so to match M1*
Note: after this point the S1AP identifiers for the interface between HeNB and HeNB GW have been selected so to match the identifiers on the S1 between HeNB GW and MME, i.e. the identifiers are H1* and M1*

The bullet points below describe the remaining procedures envisaged by the proposed solution.  Figure 6.2.1.2.4-2 illustrates how the interfaces between HeNB, HeNB GW and MME are setup.
· The HeNB GW memorises the following mappings
· Mapping between (H1*, M1* and SCTP Association of the link between HeNB-GW and HeNB) – for southbound interface
· Mapping between (H1*, M1* and SCTP Association of the link between HeNB-GW and MME) – for northbound interface 
· Mapping between (SCTP Association of the HeNB – HeNB GW link and SCTP Association of the HeNB GW - MME link), i.e. routing rule between northbound and southbound SCTP link 
· The MME performs the following mapping:
· Mapping between (H1*, M1* and SCTP Association of the link between HeNB GW and MME)

· The HeNB performs the following mapping:

· Mapping between (H1*, M1* and SCTP Association of the link between HeNB and HeNB GW)

-
The common S1 procedures (S1 Setup, eNB Configuration Update, MME Configuration Update, Reset) are terminated between HeNB (( HeNB Gateway and HeNB Gateway (( MME respectively.

-
the eNB configuration related common procedures need to contain functionality to configure the range of eNB UE S1AP IDs provided by the HeNB GW to be used by the HeNB.

-
The S1 dedicated procedures are terminated in HeNB (( MME respectively while the HeNB Gateway also performs NNSF function. In order to support the routing of S1AP messages for dedicated procedures in the HeNB Gateway supported scenario, the following is done:  

1.
MME: Forwards S1AP messages to the HeNB GW as if this was a eNB, i.e. by means of mapping between (H1*, M1* and SCTP Association of the link between HeNB GW and MME)
2.
The HeNB Gateway:

a)
Forwards uplink S1AP messages from the HeNB to the MME by means of mapping tables between (H1*, M1*) and SCTP context for the HeNB to HeNB GW connection and by means of routing tables between northbound and southbound SCTP links.  Namely, due to the uniqueness of H1*, the HeNB GW only needs to look at SCTP connections to understand how the S1AP message has to be routed to the northbound SCTP link
b)
Forwards downlink S1AP messages from the MME to the HeNB by means of mapping tables between (H1*, M1*) and SCTP context for the HeNB GW to MME connection and by means of routing tables between northbound and southbound SCTP links 
3.
The HeNB Forwards S1AP messages to the HeNB GW as if this was an MME, i.e. by means of mapping tables between (H1*, M1*) and SCTP context for the HeNB to HeNB GW connection 
-
The main gains with this proposal are

a)
Due to the uniqueness of the eNB S1-AP UE ID used by the HeNB it is possible for the HeNB GW to understand to which HeNB the S1AP message corresponds immediately, without the need of further inspecting the S1AP message and without the addition of further HeNB identifiers;
b)
Thanks to the SCTP routing tables kept by the HeNB GW between northbound and southbound links with HeNB and MME and thanks to the uniqueness of the eNB S1-AP UE ID used by the HeNB, the HeNB GW is able to perform very simple and time inexpensive SCTP routing of S1AP messages between HeNBs and MMEs
c)
The risk of overlapping eNB S1-AP UE ID assigned to HeNBs is eliminated and therefore the addition of specific HeNB identifiers in S1AP messages is not needed
d) The HeNB GW does not need to modify S1AP messages by changing the eNB UE S1AP IDs and/or MME UE S1AP ID when forwarding messages to the MME/HeNB
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Figure 6.2.1.2.4-2. Allocation of S1AP Ue identifiers with HeNB Gateway.
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