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1   Introduction
In the RAN3#81bis meeting, it is agreed that end-to-end architecture (i.e. routing proxy) is used and we don’t need to terminate the X2AP in the X2 GW[1]. And the agreement is already reached for X2 SETUP messages that the target RNL ID is included for the routing purpose in the RAN3#81 meeting [2]. In this contribution, we discuss the routing of the remaining X2AP messages except X2 SETUP messages. 
2   Discussion

According to the way forward [1], the end to end solution is agreed which is cited in the below.
The end to end solution (also called routing proxy) where the X2AP is not terminated in the X2GW (with the exception of the generation of the X2AP Release message – see agreement here-above on HeNB switch off): there is then one end-to-end X2AP connection between two neighbour (H)eNB1 and (H)eNB2 which respectively goes over the SCTP association between the (H)eNB1 and the X2GW and the SCTP association between the X2GW and the (H)eNB2. 

There are two categories of X2AP procedures including UE dedicated X2AP procedure and non-UE dedicated X2AP procedure, which are analyzed respectively in this section.  
2.1   UE dedicated X2 procedure
The UE dedicated X2 procedure is mainly used for UE mobility purpose which are listed in table 1.
Table1. UE dedicated X2 procedures
	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	Handover preparation
	HANDOVER REQUEST
	HANDOVER REQUEST ACKNOWLEDGE
	HANDOVER PREPARATION FAILURE

	SN status transfer
	SN STATUS TRANSFER
	
	

	UE context release
	UE CONTEXT RELEASE
	
	

	Handover cancel
	HANDOVER CANCEL
	
	


There are two methods for the routing of UE dedicated X2AP messages:
· Option 1. Routing based on RNL ID

In option1, the target eNB ID should be added in all UE dedicated X2AP messages for message routing via X2 GW. Alternatively, the X2 GW can maintain the cell information of connected (H)eNBs and then the routing of HANDOVER REQUEST message can be based on the cell ID since the target cell ID is already contained in the HANDOVER REQUEST message, which can reduce the specification impact with the cost of increased X2 GW complexity.
· Option 2. Routing based on X2AP ID
In option 2, the routing of UE dedicated X2 procedure in the X2 GW can be based on X2AP ID, which is similar as   DeNB. The X2 GW needs to assign new X2AP ID pair for every X2 UE association and memorize the mapping between the X2AP IDs allocated by the (H)eNB and itself. The X2 GW processes and forwards all UE dedicated X2 messages between the (H)eNBs. The processing of X2AP messages includes modifying X2AP IDs, TNL address and GTP TEIDs without changing other parts of the messages. And the X2 GW could forward UE-dedicated X2 messages based on the mapping of X2AP IDs. However, the HANDOVER REQUEST message is the first UE dedicated X2 message and the mapping of the X2AP ID has not been established yet when the X2 GW receives the HANDOVER REQUEST message. Therefore the X2AP ID based routing cannot be applied to the HANDOVER REQUEST message but the cell ID based routing analyzed above can be used.
Compared with option 1, option 2 has less specification impact with the cost of more X2 GW complexity. According to [1], there is only one X2AP connection between two neighbour (H)eNBs in the the end-to-end solution. However, the UE X2 association is divided into two hops between (H)eNBs which doesn’t comply with the end-to-end principle using option 2.  
Proposal1. X2AP ID based routing can be used for the UE dedicated X2AP messages.

2.2   Non-UE dedicated X2 procedure
Cell related non-UE dedicated X2 procedures
The routing of cell related non-UE dedicated X2 procedures are analyzed one by one as below.
1) Mobility settings change procedure
The source and target cell ID are already contained in the messages of mobility settings change procedure. As analyzed above, the target RNL ID can be added to the Mobility settings change procedure. Alternatively, the X2 GW can maintain the cell information of connected (H)eNBs and then the routing of messages in mobility settings change procedure can be based on the already exist target cell ID in order to reduce the specification impact. 

2) Cell Activation procedure
a. CELL ACTIVATION REQUEST message
Only the target cell ID is already contained in the CELL ACTIVATION REQUEST message. So the target RNL ID can be added in the CELL ACTIVATION REQUEST message, or the target cell ID can be used for routing if the cell information of connected (H)eNBs is maintained in the X2 GW. The source RNL ID should also be added in the CELL ACTIVATION REQUEST message since the target (H)eNB have to identify the source (H)eNB and send the response message. 
b. CELL ACTIVATION RESPONSE message

Since no target cell information is contained in the CELL ACTIVATION RESPONSE message, the target RNL ID should be added in the CELL ACTIVATION RESPONSE message. 

c. CELL ACTIVATION FAILURE message

Since no source and target cell information is contained in the CELL ACTIVATION FAILURE message, the source and target RNL ID should be added in CELL ACTIVATION FAILURE message to avoid the confusion caused by delay over X2 interface. Both source and target RNL ID are needed in case of parallel X2 AP procedures involving different (H)eNB pairs, because there has the possibility that the source node will receive the response messages out of order.
3) Resource Status Reporting Initiation procedure
a. RESOURCE STATUS REQUEST message
The target cell ID is already contained in the RESOURCE STATUS REQUEST message. So the target RNL ID can be added in the RESOURCE STATUS REQUEST message, or the target cell ID can be used for routing in the X2 GW if the cell information of connected (H)eNBs is maintained in the X2 GW. On the other side, source RNL ID should also be contained in the RESOURCE STATUS REQUEST message in the measurement request start case to help the target (H)eNB to identify the source (H)eNB, while the source RNL ID is not needed in  the measurement request stop case since the measurement ID pair can be used to identify the source (H)eNB. 
b. RESOURCE STATUS RESPONSE/FAILURE message
No target cell information is contained in the RESOURCE STATUS RESPONSE and RESOURCE STATUS FAILURE message yet. Therefore the target RNL ID should be contained in the RESOURCE STATUS RESPONSE/FAILURE messages.
4) Resource status reporting procedure
Since no target cell information is contained in the class 2 RESOURCE STATUS UPDATE message currently, the target RNL ID should be added in the RESOURCE STATUS UPDATE message.
5) Load indication procedure
Since no target cell information is already contained in the LOAD INFORMATION message, the target RNL ID should be added in the LOAD INFORMATION message. 
6) Radio Link Failure Indication procedure
Since only target cell PCI is already contained in the RLF INDICATION message, the target RNL ID should be added in the RLF INDICATION message. 
7) Handover Report procedure
The target cell ID is already included in the HANDOVER REPORT message, so the target RNL ID can be added in the HANDOVER REPORT message, or the target cell ID can be used for routing if the cell information of connected (H)eNBs is maintained in the X2 GW.
In summary, the routing information needed to be added in the cell related non-UE dedicated messages except X2 setup messages is illustrated in table 2.
Table2. cell related non UE dedicated X2 procedures
	
	Source RNL ID
	Target RNL ID

	MOBILITY CHANGE REQUEST/ ACKNOWLEDGE/ FAILURE
	ⅹ
	√, optional

	CELL ACTIVATION REQUEST
	√
	√, optional

	CELL ACTIVATION RESPONSE
	ⅹ
	√

	CELL ACTIVATION FAILURE
	√
	√

	RESOURCE STATUS REQUEST
	√, conditional
	√, optional

	RESOURCE STATUS RESPONSE/ FAILURE
	ⅹ
	√

	RESOURCE STATUS UPDATE
	ⅹ
	√

	LOAD INFORMATION
	ⅹ
	√

	RLF INDICATION
	ⅹ
	√

	HANDOVER REPORT
	ⅹ
	√, optional


Proposal2. Whether the target and/or source RNL ID should be added to the cell related non-UE-associated X2 messages are analyzed case by case, see table 2.
2.2.1   Non cell related non-UE-dedicated X2 procedures

The routing of non cell related non-UE dedicated X2 procedures are analyzed as the below.

1)  eNB configuration update procedure

Since the X2AP message is not terminated in the X2 GW[1], the the target RNL ID is needed in the eNB configuration update procedure for routing in the X2 GW. Since there may be number of neighbouring (H)eNBs which need to update the initiation (H)eNB’s X2AP application date, parallel eNB configuration update procedures should be supported. The source cell information is not contained in the response messages currently, so both the source and target RNL ID is needed in the ENB CONFIGURATION UPDATE ACKNOWLEDGE and ENB CONFIGURATION UPDATE FAILURE messages. 
2)  Reset procedure

Since there is no source or target cell information contained in the RESET message, both source and target RNL ID are needed in both RESET REQUEST and RESET RESPONSE message to avoid the confusion caused by delay over X2 interface. Both source and target RNL ID are needed in case of parallel X2 AP procedures involving different (H)eNB pairs, because there has the possibility that the source node will receive the response messages out of order. 
3)  Error indication procedure

The target RNL ID shall be included in the ERROR INDICATION message for routing purpose. However, whether source RNL ID should be contained in the ERROR INDICATION message needs more consideration. 

a.  In case that the error indication procedure is UE dedicated procedure (i.e. the error situation arises due to reception of UE associated signalling), the target (H)eNB can derive the initiation (H)eNB via the X2AP ID information contained in the ERROR INDICATION message. Therefore, the source RNL ID is not needed in the UE associated ERROR INDICATION message.
b.  In case that the error indication procedure is non-UE dedicated procedure, both source and target RNL ID is needed for the X2 GW to identify the target (H)eNB and for the target (H)eNB to identify the source  (H)eNB.
In summary, the routing information of the non cell related non-UE dedicated messages is illustrated in table 3.
Table3. Non cell related and non UE dedicated X2 procedures
	
	Source RNL ID
	Target RNL ID

	ENB CONFIGURATION UPDATE
	ⅹ
	√

	ENB CONFIGURATION UPDATE ACKNOWLEDGE/ FAILURE
	√
	√

	RESET REQUEST
	√
	√

	RESET RESPONSE
	√
	√

	ERROR INDICATION
	√, conditional
	√


Proposal3: Whether the target and/or source RNL ID should be added to the non cell related and non-UE-associated X2 messages are analyzed case by case, see table 3.

3   Conclusion
In this contribution, we discussed the routing of the remaining X2AP messages except X2 SETUP messages. And we propose:
Proposal1. X2AP ID based routing can be used for the UE dedicated X2AP messages.

Proposal2. Whether the target and/or source RNL ID should be added to the cell related non-UE-associated X2 messages are analyzed case by case, see table 2.
Proposal3: Whether the target and/or source RNL ID should be added to the non cell related and non-UE-associated X2 messages are analyzed case by case, see table 3.
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