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1   Introduction
In RAN3#77bis meeting, several open issues were identified for X2GW, one of which is X2 Setup in case of X2GW. In the document we share our views on the X2 setup procedure.
2   Discussion
According to the agreed properties for a standardized X2-GW in the Way forward [1], i.e. Decoupling S1-GW from X2-GW, the following X2 setup procedure is based on the description in the TR [2] with some changes to apply the above property.
2.1   Who initiate TNL address discovery procedure?
There are two cases:

· HeNB detects a cell served by eNB, and got respective E-CGI.

· eNB detects HeNB, and got respective E-CGI. 

It is also a common understanding that the benefit of the new X2-GW is to concentrate the big amount of SCTP associations from the HeNB to limit the impacts on eNB, which is very similar as S1-GW. Then the minimized the impacts on eNBs should be the main criteria when comparing different solutions for X2-GW. 

Considering the frequently switch on and off of HeNB, eNB in high density of HeNB area where there are up to several hundred HeNBs under the coverage of the eNB will be busy with detecting NeNBs and disturbed by frequently initiating TNL address discovery procedure to HeNBs. Therefore in order to minimize the impact on eNBs, we propose two solutions need to be further considered:
Solution 1: Only the HeNB initiates TNL address discovery procedure toward an eNB, while the eNB shall not initiate TNL address discovery procedure toward a HeNB.
It was agreed that a HeNB can only connect to an X2-GW, and the IP address of the X2-GW is preconfigured in the heNB, while an eNB has X2 with different HeNBs via different X2-GWs. The intension of X2-GW introduction is very similar as S1-GW introduction. The capacity of X2-GW should be comparable to S1-GW. The X2-GW should serve a relative big area, and the number of X2-GW serving the eNB coverage should be limited. It is also possible to be configured with the multiple X2-GW addresses, which serving the HeNBs in the coverage of the eNB.

Solution 2: There is no TNL discovery for X2-GW address, the IP address of X2-GW(s) should be preconfigured in the (H)eNB.  

2.2   Who initiate SCTP association setup procedure and X2 setup procedure?
HeNB initiated TNL address discovery procedure( for solution 1):

In case the HeNB initiated TNL address discovery procedure towards an eNB as we propose in above, several options could be possible for the setup procedure:
Option 1: The SCTP association establishment is only trigged by the HeNB or the eNB once the node gets the IP address of the X2-GW.
Option 1a: (H)eNB initiate X2 setup procedure toward X2GW
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Figure 1: Option 1a
1.
HeNB3 detects a new (non-CSG) cell (E-CGI1) and decides to setup X2 towards the serving eNB1.

2.
Considering RAN3 already agreed that the HeNB will be configured with the IP address of X2GW when connected to an X2-GW, HeNB3 initiates an eNB Configuration Transfer procedure towards the higher up node to which it is S1-connected (in this case the HeNB-GW), carrying the X2-address of the X2GW.

3.
The HeNB-GW doesn’t have any info on the macro node’s X2 TNL address and forwards the eNB Configuration 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 memorises the X2-address of the X2GW and 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.
8.-8’.
Since eNB1 and HeNB3 have the IP address of X2GW, eNB1 and HeNB3 initiate SCTP associations to X2GW respectively.

9.-9’.
The eNB1 and HeNB3 starts the X2 setup towards the X2GW, indicating cell E-CGI3 and E-CGI1 as neighbour respectively. The procedure is logically terminated at the X2GW.
10.-10’.

The X2GW respond with the X2GW memorising the X2-connectivity data (eNB-ID2, E-CGIs served by the (H)eNB, etc.). 

Option 1b: The HeNB and the X2GW initiate X2 setup procedure step by step
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Figure 2: Option 1b
1.-8’.
Same as option 1.

10.
The HeNB3 starts the X2 setup towards the X2GW, indicating cell E-CGI1 as neighbour. The procedure is logically terminated at the X2GW.
11.
The X2GW 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 X2GW respond with the X2GW memorising the X2-connectivity data (X2 adr1, eNB-ID1, E-CGIs served by the eNB, etc.). 

Option 2: The eNB will not initiate the SCTP association establishment, and the HeNB will initiate the SCTP association and X2 setup to the X2-GW, then the X2-GW trigger the SCTP association establiment and X2 setup to the eNB.
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Figure 3: Option 2
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 does not 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.

8.
Since HeNB3 have the IP address of X2GW, HeNB2 initiate SCTP associations to X2GW.
9.
The HeNB3 starts the X2 setup towards the HeNB-GW, indicating cell E-CGI1 as neighbour and the IP address of eNB1. The procedure is logically terminated at the HeNB-GW.

10.
X2GW initiates SCTP associations to eNB1.

11. The X2GW 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 X2GW respond with the X2GW memorising the X2-connectivity data (eNB-ID1, E-CGIs served by the eNB, etc.). 

The IP Address of X2-GW(s) is preconfigured in the (H)eNB ( for solution 2):

The IP Address of X2-GW(s) is preconfigured in the (H)eNB, and the number of X2-GW serving the eNB coverage should be limited. It is also possible that the (H)eNB initiates X2 setup to the X2-GW(s) when it powers on, which is also similar as S1 setup. Although this is less flexible or possible cost rising due to static X2 connections to all candidate X2-GWs, it will simplify the implementation in (H)eNB for TNL discovery and X2 setup.
Option 3: the (H)eNB initiates the SCTP association establishment and X2 setup to the X2-GW(s) when it powers on, the X2-GW will not trigger the X2 setup.
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Figure 4: Option 3

1.
The eNB1 powers on, and the IP address of the X2-GW is preconfigured in the eNB.
2.
The eNB1 initiates SCTP associations to the X2GW.

3.
The eNB1 starts the X2 setup towards the X2GW, indicating E-CGI1 as its serving cell(neighbouring cell information of E-CGI 1 is also included ) . The procedure is logically terminated at the X2GW.
4.
The X2GW responds, and memorises the X2-connectivity data (eNB-ID2, E-CGIs served by the (H)eNB, etc.). The serving cells of X2-GW in the X2 setup response message are a subset of E-CGI’s neighbour cells, only including those cells having the X2 connection with the X2-GW. 

Note: it is FFS if there is no neighbor cells of the E-CGI1 having X2 connection with the X2-GW.
5.
The HeNB3 powers on, and the IP address of the X2-GW is preconfigured in the HeNB3. The HeNB3 also detects a Neighbor (non-CSG) cell (E-CGI1).
6.
The HeNB3 initiates SCTP associations to the X2GW.
7.
The HeNB3 starts the X2 setup towards the X2GW, indicating cell E-CGI3 and E-CGI1 as neighbour. The procedure is logically terminated at the X2GW.
8-9.
The X2-GW initiates an ENB CONFIGURATION UPDATE to indicate the E-CGI 3 as a new serving cell in the X2-GW.
10.

The X2GW responds and memorises the X2-connectivity data (eNB-ID2, E-CGIs served by the (H)eNB, etc.). 

3   Way forward
In this contribution, we give a discussion on the X2 setup procedure in case of X2GW, and we have following observations and proposals:
There are two possible solutions for TNL discover procedure considering the minimization of eNB impacts:

Solution 1: Only the HeNB initiates TNL address discovery procedure toward an eNB, while the eNB shall not initiate TNL address discovery procedure toward a HeNB.
Solution 2: There is no TNL discovery for X2-GW address, the IP address of X2-GW(s) should be preconfigured in the (H)eNB.

Three options are possible for SCTP association setup procedure and X2 setup procedure:

HeNB initiated TNL address discovery procedure( for solution 1)
Option 1: The SCTP association establishment is only trigged by the HeNB or the eNB once the node gets the IP address of the X2-GW.

Option 1a: (H)eNB initiate X2 setup procedure toward X2GW
Option 1b: The HeNB and the X2GW initiate X2 setup procedure step by step
Option 2: The eNB will not initiate the SCTP association establishment, and the HeNB will initiate the SCTP association and X2 setup to the X2-GW, then the X2-GW trigger the SCTP association establiment and X2 setup to the eNB.
The IP Address of X2-GW(s) is preconfigured in the (H)eNB ( for solution 2):

Option 3: the (H)eNB initiates the SCTP association establishment and X2 setup to the X2-GW(s) when it powers on, the X2-GW will not trigger the X2 setup.
Proposal 1: RAN3 needs to further analyse the above options in section 2 and choose one for X2 setup to the X2GW. 
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3GPP


_1419861504.vsd
eNB1
(adr1)


HeNB3
(adr3)


X2GW
(adr2)


5. S1:eNB CONFIGURATION TRANSFER
(HeNB ID3, TAI3, eNB ID1, TAI1, adr1)


2. S1:eNB CONFIGURATION TRANSFER
(eNB ID1, TAI1, HeNB ID3, TAI3, adr2 )


6. S1:MME CONFIGURATION TRANSFER
(HeNB ID3, TAI3, eNB ID1, TAI1, adr1)


7. S1:MME CONFIGURATION TRANSFER
(HeNB ID3, TAI3, eNB ID1, TAI1, adr1)


3. S1:eNB CONFIGURATION TRANSFER
(eNB ID1, TAI1, HeNB ID3, TAI3, adr2)


4. S1:MME CONFIGURATION TRANSFER
(eNB ID1, TAI1, HeNB ID3, TAI3, adr2)


1. HeNB3 detects a cell served by eNB1, and got respective E-CGI1. HeNB3 decides to initiate the TNL Address Discovery procedure to get the X2 information


MME


HeNB GW


10. X2: X2 SETUP REQUEST
(HeNB ID3, E-CGI3,  neighbour info: E-CGI1,  adr1)


11: X2: X2 SETUP REQUEST (eNB ID2, E-CGI3, neighbour info: E-CGI1)


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


13. X2: X2 SETUP RESPONSE
(eNB ID2, E-CGI1 ff)


No X2 connection


No X2 connection


8. setup of SCTP association


8'. SCTP assoc setup



_1419941928.vsd
eNB1
(adr1)


HeNB3
(adr3)


X2GW
(adr2)


5. S1:eNB CONFIGURATION TRANSFER
(HeNB ID3, TAI3, eNB ID1, TAI1, adr1)


2. S1:eNB CONFIGURATION TRANSFER
(eNB ID1, TAI1, HeNB ID3, TAI3, adr2 )


6. S1:MME CONFIGURATION TRANSFER
(HeNB ID3, TAI3, eNB ID1, TAI1, adr1)


7. S1:MME CONFIGURATION TRANSFER
(HeNB ID3, TAI3, eNB ID1, TAI1, adr1)


3. S1:eNB CONFIGURATION TRANSFER
(eNB ID1, TAI1, HeNB ID3, TAI3, adr2)


4. S1:MME CONFIGURATION TRANSFER
(eNB ID1, TAI1, HeNB ID3, TAI3, adr2)


1. HeNB3 detects a cell served by eNB1, and got respective E-CGI1. HeNB3 decides to initiate the TNL Address Discovery procedure to get the X2 information


MME


HeNB GW


9'. X2: X2 SETUP REQUEST
(HeNB ID3, E-CGI3,  neighbour info: E-CGI1)


9: X2: X2 SETUP REQUEST (eNB ID1, E-CGI3, neighbour info: E-CGI1)


10: X2: X2 SETUP RESPONSE (eNB ID2, E-CGI3 )


10'. X2: X2 SETUP RESPONSE
(eNB ID2, E-CGI1)


No X2 connection


No X2 connection


8. setup of SCTP association


8'. SCTP assoc setup



_1419948458.vsd
eNB1
(adr1)


HeNB3
(adr3)


X2GW
(adr2)


1. eNB1 powers on and the address of X2-GW is preconfigured in the eNB1.


5. HeNB3 powers on and the address of X2-GW is preconfigured in the HeNB3. The HeNB3 also detects a Neighbor (non-CSG) cell (E-CGI1).


8: X2: CONFIGURATION UPATE REQUEST  (eNB ID2 New Cell:E-CGI 3)


MME


HeNB GW


7. X2: X2 SETUP REQUEST
(HeNB ID3, E-CGI3,  neighbour info: E-CGI1)


3: X2: X2 SETUP REQUEST (eNB ID1,  E-CGI1 and its neighours)


4: X2: X2 SETUP RESPONSE (eNB ID2, serving cell: subset of E-CGI’s neighbour cells, only including those cells having the X2 connection with the X2-GW )


2. setup of SCTP association


6. SCTP assoc setup


9: X2:CONFIGURATION UPDATE RESPONSE


10. X2: X2 SETUP RESPONSE
(eNB ID2, E-CGI1)



_1413187716.vsd
eNB1
(adr1)


HeNB3
(adr3)


X2GW
(adr2)


5. S1:eNB CONFIGURATION TRANSFER
(HeNB ID3, TAI3, eNB ID1, TAI1, adr1)


2. S1:eNB CONFIGURATION TRANSFER
(eNB ID1, TAI1, HeNB ID3, TAI3 )


6. S1:MME CONFIGURATION TRANSFER
(HeNB ID3, TAI3, eNB ID1, TAI1, adr1)


7. S1:MME CONFIGURATION TRANSFER
(HeNB ID3, TAI3, eNB ID1, TAI1, adr1)


3. S1:eNB CONFIGURATION TRANSFER
(eNB ID1, TAI1, HeNB ID3, TAI3)


4. S1:MME CONFIGURATION TRANSFER
(eNB ID1, TAI1, HeNB ID3, TAI3)


1. HeNB3 detects a cell served by eNB1, and got respective E-CGI1. HeNB3 decides to initiate the TNL Address Discovery procedure to get the X2 information


MME


HeNB GW


9. X2: X2 SETUP REQUEST
(HeNB ID3, E-CGI3,  neighbour info: E-CGI1, adr1)


11: X2: X2 SETUP REQUEST (eNB ID2, E-CGI3, neighbour info: E-CGI1)


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


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


No X2 connection


No X2 connection


10. setup of SCTP association


8. SCTP assoc setup



