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1
Introduction
This paper discusses a method how S1 protocol functions are treated within an E-UTRAN for HeNB access, especially within the HeNB GW.

2
Discussion
2.1
UE dedicated S1 protocol functions

2.1.1
General

For the HeNB GW to act as a concentrator node (at least on signalling transport level) it becomes necessary to terminate the signalling transport on the S1 interface within the HeNB GW. Failure to do so will have scalability impacts on the core network.  As the reference for an UE dedicated S1 interface connection is generated and handled at Application Part level, there is no kind of routing or even interworking  possible on signalling transport level.

It will become necessary, as can be seen later, to provide the S1 AP messages, dedicated for a certain UE, with global CN and RAN node addresses.

Apart from that it is seen advantageous, that any kind of interworking on AP level within the HeNB GW is avoided, i.e. the HeNB GW doesn’t have to provide any S1AP protocol function for UE dedicated S1 AP messages, apart from analysing routable information from S1AP messages and translate it to S1 signalling transport connections, in order to feed the S1AP message into the proper signalling connection.

It can be seen, that in this sense, the HeNB GW is fully transparent for UE dedicated S1AP functions.

(
If a HeNB GW is deployed, it shall terminate the SCTP stack towards the HeNBs and the MMEs and provide S1AP routing functionality.

(
With regards to UE dedicated S1 protocol functions, the HeNB GW shall be regarded as being transparent, apart from the requirement that all S1AP messages have to be analysed for routing purposes.

2.1.2
UE dedicated S1 setup by the HeNB

In case the HeNB sets up the UE dedicated signalling connection towards the CN, the HeNB GW needs to analyse the INITIAL UE MESSAGE and route the message to the proper MME within the MME-pool where the MM contexts of the UE are stored. This is possible by analysing the S-TMSI, which includes the MMEC + M-TMSI. 
The MME shall able to distinguish between the messages stemming from different HeNBs by scanning for their HeNB-Id.  The latter shall therefore be provided in the INITIAL UE MESSAGE.  By knowing such parameter the MME is also able to perform access control on the UE because it can check if the HeNB ID reported by the UE corresponds to any of the CSG IDs in the UE whitelist (stored at the MME).
(
When connecting to a HeNB, the INITIAL UE MESSAGE shall contain the HeNB ID 

S1 messages relayed by the HeNB GW and forwarded to the MME will be received by the MME as from a single node (i.e the HeNB GW).  Moreover the MME will also receive similar messages from macro eNBs.  Therefore, it would be advantageous not to require the MME to perform message resolution due to clashing S1AP IDs from different HeNBs/eNBs.  The latter is already the case in macro deployments, where S1AP IDs are uniquely assigned for each S1AP interface established between eNBs and MMEs.  Therefore, the HeNB GW should allocate a range of AP ID to be used by HeNB at S1 Setup so to avoid any clash between AP IDs used between HeNBs and eNBs.

(
The HeNB GW shall allocate a range of AP IDs to be used by the HeNB at S1 Setup.

(
The HeNB GW shall provide the MME with the HeNB Id for access control during UE dedicated S1 setup by the HeNB.

2.1.3
UE dedicated Iu setup by the CN

In case the CN sets up the UE dedicated signalling connection towards the HNeB/HeNB GW, which is the case for inbound HO (towards HeNB), the CN routes the message, as proposed by NSN, via the TAI that is assigned to the HeNB (note that as a result of the agreements in R3-081534 and C1-081422 the TAI uniquely identifies a HeNB GW)  or, alternatively, via routing tables in the CN that memorise the 
HeNB <-> HeNB GW association (however, the latter would require quite an effort and would not hide the S1 Setup from the HeNB to the GW from the CN, as exactly this would have to be signalled to the core).

So, the HO Request message would need to carry the target Id in order to address the HeNB from the HeNB GW.

(
The HANDOVER REQUEST message shall carry a HeNB Identification in order to allow the HeNB GW to route the message to the proper HeNB.

2.1.4
Paging

At paging, the cells contained within a TAI (or set of TAIs) can normally not be filtered, as in macro deployment the UE has access to all of these cells and shall be kept reachable. However, for HeNB access, the HeNB GW may filter the paging based on the UEs white list, as it can be assumed that the UE has idle mode access only to the CSG cells for the CSGs it is registered.

(
The PAGING message shall/may carry a the UEs white list in addition to the TAI.

2.1.5
Handling during established dedicated Iu S1 connection

After the S1 UE dedicated signalling connection is established, the HeNB GW would have still to be able to route the respective S1AP messages to the proper node. This can be only ensured by adding global node identifiers in the S1 messages. The effort in the HeNB GW should be bearable to analyse the S1AP messages and to route them to the proper signalling connection.

(
All UE dedicated S1 messages shall carry the node id of the node the message has to be sent to.

2.2
Common S1 protocol functions

For common procedures, like e.g. Reset, Overload (not yet finalised discussions), Setup the following principle shall apply:

The applicability of these procedures is only valid either between HeNB and HeNB GW or the HeNB GW and CN. 

If e.g. a node reset in the CN results in a RESET being received by the HeNB GW, this does not necessarily mean, that the RESET needs to be passed on to all the HeNBs “virtually” connected to it. Therefore those procedures are fully terminated in the HeNB GW.

Reset

For MME initiated Reset, concerning all the UE contexts, the HeNB GW will have to pass Reset to all HeNBs connected to it, for partial Reset, the MME could provide HeNB node identifiers in order to filter the Reset. 

(
At MME initiated Reset, if concerning all UE contexts, shall be forwarded to all HeNBs. It shall carry the MME Id.

(
At MME initiated Reset, if concerning only part of the UE contexts, the message shall carry the MME Id and the HeNB Id(s) in order to allow the GW to filter the Reset towards those HeNBs that are concerned.

For HeNB initiated Reset, the HeNB shall always provide MME node information if it has active UE contexts that need to be reset, however, if the HeNB is not able to reference to UE contexts and the related MME nodes, the Reset will have to be passed to all MMEs, including the HeNB Id information (otherwise the MME would reset all UE contexts related to HeNBs of a certain HeNB GW).

(
At HeNB initiated Reset, the HeNB shall provide the GW with its HeNB Id and, if available, with the MME Id and the UE context for the UE to be reset. Otherwise the Reset has to be passed to all MMEs the GW is connected to.

S1 Setup

S1 Setup shall never have full HeNB<->MME scope but always terminated in the HeNB GW if sent by the HeNB. In this way the core network is masked by the load of numerous S1 connections established between the HeNB and the HeNB GW.  The HeNB GW will setup and maintain its S1 connections to the MME pool on its own, as if it where a macro eNB.

(
The S1 Setup has only either HeNB<>HeNB GW or HeNB GW <> MME scope.

3
Proposal
It is proposed to discuss and agree on the description in section 2 and to include the following statements in Section 7 of TR R3.020:

(
If a HeNB GW is deployed, it shall terminate the SCTP stack towards the HeNBs and the MMEs and provide S1AP routing functionality.

(
With regards to UE dedicated S1 protocol functions, the HeNB GW shall be regarded as being transparent, apart from requirement that all S1AP messages have to be analysed for routing purposes.

(
Independently of whether the HeNB supports S1 flex, the INITIAL UE MESSAGE will have to carry information to provide the HeNB GW with the Identification of the MME to which this message is targeted.

(
The HeNB GW shall allocate a range of AP IDs to be used by the HeNB at S1 Setup.

(
The HANDOVER REQUEST message shall carry a HeNB Identification in order to allow the HeNB GW to route the message to the proper HeNB.

(
The PAGING message shall/may carry a the UEs white list in addition to the TAI.

(
All UE dedicated S1 messages shall carry the node id of the node the message has to be sent to.

(
At MME initiated Reset, if concerning all UE contexts, shall be forwarded to all HeNBs. It shall carry the MME Id.

(
At MME initiated Reset, if concerning only part of the UE contexts, the message shall carry the MME Id and the HeNB Id(s) in order to allow the GW to filter the Reset towards those HeNBs that are concerned.

(
At HeNB initiated Reset, the HeNB shall provide the GW with its HeNB Id and, if available, with the MME Id and the UE context for the UE to be reset. Otherwise the Reset has to be passed to all MMEs the GW is connected to.

(
The S1 Setup has only either HeNB<>HeNB GW or HeNB GW <> MME scope.
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