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1   Introduction 
This document discusses the implementation of the X2-proxy function for enhanced eNB-HeNB mobility. 
2   Logical architecture
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Figure 1 – EUTRAN HeNB Logical Architecture
3   X2 setup
3.1   HeNB initiated TNL address discovery procedure and X2 Setup
In case the HeNB initiated TNL address discovery procedure towards an eNB, a possible call flow is shown as below:
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Figure 2 – HeNB initiated TNL address discovery and X2 setup
1.
HeNB3 detects a new (non-CSG) cell (E-CGI1) and decides to setup X2 towards the serving eNB1. 

2.
It initiates an eNB Configuration Transfer procedure towards the higher up node to which it is S1-connected (in this case the HeNB-GW).

3.
The HeNB-GW doesn’t have any info on the macro node’s X2 TNL address and forwards the eNB Configuraiton Update towards its higher up node to which it is S1-connected.

4.
The MME knows the eNB1 (as it is S1-connected) and sends an MME CONFIGURATION TRANSFER message to it.

5.-7.
eNB1 returns its X2-TNL address, the MME (6.) is able to route the transfer procedure based on the TAI and finally the address info reaches the requesting HeNB3 (7.), whereas the HeNB-GW would need to memorise the X2-address of eNB1 and then changes the X2-address into its own, so that the HeNB3 receives as X2-address of the HeNB-GWs for X2 connectivity.

8.-9.
SCTP assocations are setup between the HeNB-GW and eNB1 and the HeNB-GW and HeNB3

10.
The HeNB3 starts the X2 setup towards the HeNB-GW, indicating cell E-CGI1 as neighbour. The procedure is logically terminated at the HeNB-GW.

11.
The HeNB-GW starts another X2 setup procedure to continue the setup of X2-connectivity towards the eNB1, indicating its own eNB-ID2 and E-CGI1 as neighbour info.

12.-13.

The eNB1 and HeNB-GW respond with the HeNB-GW memorising the X2-connectivity data (X2 adr1, eNB-ID1, E-CGIs served by the eNB, etc.). The X2-proxy may need to memorize the list of neighbouring HeNBs (or eNBs) for each connected eNB (or HeNB). This information can be used further to only update the affected neighbouring HeNB (or eNB) when the information for an eNB (or HeNB) is changed. 
15.-17.

Any further X2-address request from other HeNBs for X2-connectivity towards eNB1 will be responded by the HeNB-GW without forwarding the request via the MME towards the eNB1.

18.
An SCTP assocation is setup between the HeNB-GW and HeNB4

19.
-22.
The X2-setup between the new HeNB4, as shown, is performed directly with the HeNB-GW, whereas the respond is only sent, if the X2 Configuration Update between the HeNB-GW and the eNB1 is performed successfully.

3.2   eNB initiated TNL address discovery procedure and X2 Setup
In case the eNB initiated TNL address discovery procedure towards a HeNB, a possible call flow is shown as below:

[image: image3.emf]eNB1

(adr1)

HeNB3

(adr3)

HeNB-GW

(adr2)

7.S1:MME CONFIGURATION 

TRANSFER

(eNB1, TAI1, HeNB3, TAI3, adr2)

2.S1:eNB CONFIGURATION 

TRANSFER

(HeNB3, TAI3, eNB1, TAI1)

6.S1:eNB CONFIGURATION 

TRANSFER

(eNB1, TAI1, HeNB3, TAI3, adr2)

5.S1:eNB CONFIGURATION 

TRANSFER

(eNB1, TAI1, HeNB3, TAI3, adr3)

3.S1:MME CONFIGURATION 

TRANSFER

(HeNB3, TAI3, eNB1, TAI1)

1. eNB1 detects HeNB3, and got respective E-

CGI.eNB1 decidesto initiate the TNL Address 

Discovery procedure to get the X2 information

MME

HeNB4

(adr 4)

14. HeNB4detects cell served by 

eNB1, and got respective E-CGI1.

HeNB4decidesto initiate the TNL 

Address Discovery procedure to get 

the X2 information

11.X2: X2 SETUP REQUEST

(eNB ID1, E-CGI1 ff)

10: X2: X2 SETUP REQUEST (eNB ID1, E-CGI1 ff)

13: X2: X2 SETUP RESPONSE (eNB ID2, E-CGI3, neighbour info: E-

CGI1)

12.X2: X2 SETUP RESPONSE

(HeNB ID3, E-CGI3, 

neighbour info: E-CGI1)

15.S1:eNB CONFIGURATION TRANSFER

(eNB ID1, TAI1, HeNB ID4, TAI4)

17.S1:MME CONFIGURATION TRANSFER

(HeNB ID4, TAI4, eNB ID1, TAI1, adr2)

16. HeNBGW has already X2 connectivity data from 

eNB1 and responds back to HeNB4 accordingly.

19.X2: X2 SETUP REQUEST (HeNB ID4, E-CGI4, Nbr: eNB1's cells)

20: X2: X2 CONFIGURATION UPDATE REQUEST (to add: E-CGI4)

21: X2: X2 CONFIGURATION UPDATE RESPONSE ()

22.X2: X2 SETUP RESPONSE (eNB ID1, E-CGI1 ff)

No X2 connection

No X2 connection

No X2 connection

8. setup of SCTP association 9. SCTP assoc setup

18. SCTP assoc setup

4.S1:MME CONFIGURATION 

TRANSFER

(HeNB3, TAI3, eNB1, TAI1)


Figure 3 – eNB initiated TNL address discovery and X2 setup
Observation 1: The HeNB-GW may change the IP address in the eNB/MME Configuration Transfer message.

Observation 2: The X2-proxy may initiate the X2 setup with the eNB or the HeNB.

Observation 3: The X2-proxy memorizes the list of neighbouring HeNBs (or eNB) for the connected eNB (or HeNB)
4   Handling X2 procedures in X2-proxy
4.1   UE-dedicated procedures

· Handover Preparation 

· SN Status Transfer 

· UE Context Release 

· Handover Cancel

· Reset

· Error Indication
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Figure 3 – processing UE-dedicated procedure
Observation 4: The X2-proxy processes and forwards all X2 messages between the HeNB and other eNBs for all UE-dedicated procedures. The processing of X2-AP messages includes modifying X2-AP UE IDs, but leaves other parts of the message unchanged. Upon reception of the X2 Handover Request message, the X2-proxy forward the message to target node based on the target cell ID.
4.2   Non-UE-dedicated procedures

· X2 Setup

The X2 setup procedure is handled locally on each X2 interface instance. eNB configuration update procedure will be triggered in case the updated X2 relation need to be informed to HeNB or neighbour eNB.
· eNB Configuration Update

The eNB Configuration Update procedures will be handled locally on each X2 interface instance. An eNB configuration update procedure may be triggered in case the updated X2 relation needs to be informed to HeNB or neighbour eNB.
· Reset

The Reset procedure is handled locally on each X2 interface instance. 

· Error Indication

The Error Indication procedure is initiated by an eNB to report detected errors in one incoming message, provided they cannot be reported by an appropriate failure message. In case the Old eNB UE X2AP ID IE and New eNB UE X2AP ID IE are not included in the ERROR INDICATION message, the procedure uses non UE-associated signalling. The Error Indication procedure is handled locally on each X2 interface instance. 

Observation 5: All non-UE-dedicated X2-AP procedures are terminated at the X2-proxy, and handled locally between the HeNB and the X2-proxy, and between the X2-proxy and other eNBs. Upon reception of an X2 non cell related non-UE-associated message from HeNB or neighbour eNB, the X2-proxy may trigger associated non-UE-dedicated X2-AP procedure(s) to the neighbour eNB or HeNB(s). 
5   Impact to eNB/HeNB

5.1   ANR

The ANR function resides in the eNB and manages the conceptual Neighbour Relation Table (NRT). For each cell that the eNB has, the eNB keeps a NRT. For each NR, the NRT contains the Target Cell Identifier (TCI), which identifies the target cell. For E-UTRAN, the TCI corresponds to the E-UTRAN Cell Global Identifier (ECGI) and Physical Cell Identifier (PCI) of the target cell. Furthermore, each NR has three attributes, the NoRemove, the NoHO and the NoX2 attribute. The meaning of these attributes would remain unchanged when eNB/HeNB has the X2 interface with X2-proxy.
When the eNB detects a HeNB, the eNB can use existing ANR function to instruct the UE to report the information of the HeNB, and add the HeNB to the Neighbour Relation List.

5.2   O&M procedure

As described in Section 3 and Section 4, there is no new configuration to the eNB or HeNB to use the X2-proxy.

5.3   Neighbouring cell information handling and X2 HO

In current macro system, the eNB saves the information of neighbouring cell received during the X2 setup procedure, and eNB configuration update procedure. When the eNB need to initiates a HO, it checks the related information and determines whether to use X2 HO. 

For X2-proxy, the eNB (or HeNB) saves the information of neighbouring cell received during the X2 setup procedure, and eNB configuration update procedure. If the served cells contained in the message belonging to the neighbour HeNB (or eNB), the eNB/HeNB shall regard the X2 interface between X2-proxy and the neighbour HeNB/eNB as available. When the eNB (or HeNB) needs to initiate a HO, it checks the related information and determines whether use X2 HO. So the change is the cell-data-model in the eNB/HeNB in order to use X2-proxy.

6   Possible spec changes

· The definition for X2-proxy (Refer to Section 3 in [2])

· The neighbouring cell information handling. 

7   Conclusion and Proposals
It is proposed to include Section 2 - 5 in the TR, and consider Section 6 during the discussion.

8   Reference

[1] 3GPP TS36.300, Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2, v11.0.0
[2] R3-120137, Summary of offline discussion on X2-proxy, Nokia Siemens Networks (Rapporteur)
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