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1 Introduction

At the previous a number of contributions were discussing various issues related to X2 proxy functionality in the DeNB [1][2]. This contribution is addressing these issues and discussing a solution for how the DeNB provides this X2 proxy functionality for RNs. The solution is very similar to the existing S1 proxy functionality. The high level principle that UE-associated procedures are proxied, while non UE-associated procedures are handled locally on each X2 hop is followed.

A companion paper [4] to this paper is addressing the issue on how the RN can be addressed based on the ECGI of the cells in the RN.
2 Discussion

2.1 X2 procedures
Below is a table of the current supported X2 elementary procedures [3] split into UE-associated and non UE-associated procedures.
	UE-associated:
	Non UE-associated:

	Handover Preparation
	Load Indication

	Handover Cancel
	X2 Setup 

	SN Status Transfer
	Reset

	UE Context Release
	eNB Configuration Update

	Handover Report
	Resource Status Reporting Initiation

	Error Indication*
	Mobility Settings Change

	
	Radio Link Failure Indication

	
	Cell Activation

	
	Resource Status Reporting


* Error Indication is also listed as a non UE-associated procedure in [3]. It is addressed in the UE-associated section below.
From a functionality point of view the RN is essentially an eNB and it is therefore assumed it would be beneficial to have the possibility to support all X2 procedures also for RNs. In the following sections it is discussed how the proxy functionality would work in the different cases in order to support all procedures above. 
2.2 UE-associated procedures
UE-associated procedures should be supported by the DeNB proxying the X2 messages between the RN and the target eNB. In doing so it needs to modify some parameters as identified in [1]
It is assumed that the following parameters need to be modified by the DeNB:

Handover Request:

· Old eNB UE X2AP ID 

· The DeNB need to insert its own eNB UE X2AP ID associated with the UE
· GUMMEI 
· As indicated in [1] the RN might not know the GUMMEI currently used by UE in case MME selection is performed by DeNB. The DeNB should therefore insert the GUMMEI
· MME UE S1AP ID
· This also need to be changed by DeNB since the RN will use a MME UE S1AP ID which actually is allocated by the DeNB which could be different
· UL GTP Tunnel Endpoint
· This also need to be changed by the DeNB since the S-GW address is not known by the RN
Handover Request Ack:

· Old eNB UE X2AP ID
· Need to be modified both in case the RN is a target eNB or in case the RN is a source eNB
· New eNB UE X2AP ID
· Need to be modified both in case the RN is a target eNB or in case the RN is a source eNB
· UL GTP Tunnel Endpoint
· Need to be modified both in case the RN is a target eNB or in case the RN is a source eNB

· DL GTP Tunnel Endpoint
· Need to be modified both in case the RN is a target eNB or in case the RN is a source eNB

In addition the same eNB UE X2AP IDs as is listed above also need to be modified in Handover Preparation Failure, SN Status Transfer, UE Context Release, Error Indication and Handover Cancel.

It is deemed technically feasible to modify all the parameters above. All IEs are available in the DeNB thanks to the S1 proxy functionality. Therefore it is concluded X2 proxying of UE-associated messages can be supported. 
Proposal 1: The DeNB should proxy all UE-associated X2 messages.
Proposal 2: The DeNB is allowed to modify the following parameter in order to support X2 proxy functionality of UE-associated X2 messages. Old eNB UE X2AP ID, GUMMEI, MME UE S1AP ID, UL GTP Tunnel Endpoint, Old eNB UE X2AP ID, New eNB UE X2AP ID and DL GTP Tunnel Endpoint

2.3 Non UE-associated procedures
Below is an analysis on how the different non UE-associated procedures should be handled in the DeNB:

Load Indication:

This procedure used by an eNB to transfer load and interference co-ordination information to neighbouring eNBs. The message contains information both about the cell served by the RN and the target cells the RN is receiving interference from. ECGI which contains the eNB ID are used as a cell address for both the target and the source cell. It is therefore possible to use the Load Indication procedure locally on each X2 connection, but allow the DeNB to pass on (aggregate) relevant Load Indication information to and from the RNs when needed (e.g. when another eNB indicates strong interference from an RN cell, or when an RN indicate strong interference from another eNB). See separate contribution on addressing RNs using the ECGIs [4].
Observation 1: The Load Indication procedure can be supported locally on each X2 interface instance. Relevant load information can be passed on by the DeNB on in a separate Load Information procedure on the other X2 interface.
X2 Setup and eNB Configuration Update:
These procedures are sent used by an eNB to a neighbouring eNB to transfer / update the initialization information for a TNL association. The content of these messages are mainly related to the X2 connection between the two nodes, and can therefore be handled locally on each X2 interface instance. It is FFS if some updates are needed due to on how the RN knows which other eNBs the DeNB has an X2 relation with (see [5]).
Observation 2: The X2 Setup and eNB Configuration Update procedures can be supported locally on each X2 interface instance. 
Reset:
This procedure is used from one eNB to another eNB and is used to request the X2 interface between the two eNBs to be reset. Since it is not possible to partially reset the X2 interface it is assumed that this procedure can only be used locally. In case there were any ongoing UE-associated signalling related to an X2 connection that was reset, the DeNB might need to trigger some UE-associated signalling procedures (e.g. Handover Cancel, Handover Preparation Failure, Error Indication). 

Observation 3: The Reset procedure can be supported locally on one X2 interface instance. 
Resource Status Reporting and Configuration:
These procedures are used to initiate resource status reporting and to transmit resource status reports between different eNBs. For configuring the resource status reporting it is not possible to configure from which cell the reporting should come. Due to this it is only possible to use the configuration procedure locally on each X2 interface instance. For the actual reporting the report contains information about individual cells using ECGI, this makes it possible for the DeNB to aggregate and pass on status reports to and from RNs.

Observation 4: The Resource Status Reporting procedure can be supported locally on each X2 interface instance. The DeNB can pass on reports (aggregate) relevant reports to and from the RNs.
Mobility Settings Change:
This procedure is used by an eNB1 to neighbouring eNB2 to initiate adaptation of mobility parameters. Since the messages contains information of the Cell ID (both target and source) of the cells involved (expressed in ECGI which contains the eNB Id) it is possible for DeNB to forward the messages to the target eNB / RN. 

Observation 5: The Mobility Settings Change messages can be forwarded transparently by the DeNB to the target node (eNB or RN).
Radio Link Failure Indication:
This message is sent by the eNB2 to indicate a RRC re-establishment attempt by a UE that was previously attached to eNB1. Unfortunately this message does not contain information about which ECGI the eNB2 thinks that the UE came from, only the PCI. The DeNB could however still try to route the message to the right RN or eNB, since it will know from the X2 setup procedure the PCI of all RNs or eNBs it has an X2 connection to..
Observation 6: The Radio Link Failure Indication messages can be forwarded transparently by the DeNB to the target node (eNB or RN).
Cell Activation:
This message is sent by an eNB to a peer eNB to indicate that one or more cell(s) previously switched-off has(have) been activated. The message includes the ECGI of the cell in question. It is assumed that the DeNB can forward this message transparently to other RNs and eNBs when needed (e.g. for potential neighbours of the RN).

Observation 7: The Cell Activation messages can be forwarded transparently by the DeNB to other nodes (eNBs or RNs).
Conclusions:

As can be seen from the discussion above it would be possible to handle all non UE-associated X2 procedure also when X2 proxying by the DeNB is performed. 
Proposal 3: The following non UE-associated procedures can be handled locally on each X2 interface instance (where the DeNB can pass on relevant information to other nodes when needed):
· Load Indication

· X2 Setup 

· Reset

· eNB Configuration Update

· Resource Status Reporting Initiation

· Resource Status Reporting

Proposal 4: The following non UE-associated procedures are handled by the DeNB forwarding the received message transparently to the target node(s):

· Mobility Settings Change

· Radio Link Failure Indication

· Cell Activation
2.4 Comments on other contributions

[1] R3-101456, “Discussion on MME addressing issue during X2 handover procedure”, CATT

Discusses the issue of GUMMEI and -MME UE S1AP ID and proposes that the DeNB parses and stores the information during the handover signaling. This is inline with the proposal in this contribution. In addition the DeNB need to modify some other IEs as indicated in section 2.1. Overall however these IEs are available in the DeNB thanks to the S1 proxy functionality so it is feasible for the DeNB to modify them during X2 signalling.
[2] R3-101600, “On the X2 Proxy in DeNB”, Qualcomm Incoporated

Contribution argues that X2 proxy functionality breaks the legacy X2 interface. This contribution however shows that this is not the case. All UE-associated messages contains identifier (Old eNB UE X2AP ID,  New eNB UE X2AP ID) which can be set (changed) by the DeNB thus making it possible to route back a message to the source node (and map to the source nodes identifier). The non UE-associated messages identified in [2] as problematic (i.e. ENB CONFIGURATION, RESOURCE STATUS, MOBILITY CHANGE, CELL ACTIVATION) can also be handled as indicated in section 2.3.
3 Conclusion
It is proposed to adopt the following proposals for supporting X2 proxying in the DeNB for RNs:
Proposal 1: The DeNB should proxy all UE-associated X2 messages.
Proposal 2: The DeNB is allowed to modify the following parameter in order to support X2 proxy functionality of UE-associated X2 messages. Old eNB UE X2AP ID, GUMMEI, MME UE S1AP ID, UL GTP Tunnel Endpoint, Old eNB UE X2AP ID, New eNB UE X2AP ID and DL GTP Tunnel Endpoint

Proposal 3: The following non UE-associated procedures can be handled locally on each X2 interface instance (where the DeNB can pass on relevant information to other nodes when needed):

· Load Indication

· X2 Setup 

· Reset

· eNB Configuration Update

· Resource Status Reporting Initiation

· Resource Status Reporting

Proposal 4: The following non UE-associated procedures are handled by the DeNB forwarding the received message transparently to the target node(s):

· Mobility Settings Change

· Radio Link Failure Indication

· Cell Activation
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