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1   Introduction
In last RAN3 meeting, both X2GW and direct X2 based solution are considered to be standardized for HeNB-HeNB mobility enhancement, while the X2GW based solution is also feasible to HeNB-eNB mobility enhancement. This contribution focuses on X2 setup procedure in case of X2GW based solution for HeNB-(H)eNB, it also gives proposals to confirm possible scenarios for X2 setup, and how to reduce the signalling overhead caused by frequently HeNB power on and off .
2   Discussion
Considering the X2 setup between (H)eNB and HeNB based on X2GW, although the architecture of HeNB is similar to Relay, there are at least two differences between HeNB and relay, e.g., HeNB’s eNB ID is different from the HeNBGW’s eNB ID, and HeNB doesn’t need to immediately establish X2 interface with HeNBGW after it powers on. Thus, with the frequently HeNB power on/off, when eNB/HeNB finds a new neighbor HeNB/(H)eNB, it is not clear whether the X2 interface between neighbor (H)eNB and HeNBGW has already been setup for other (H)eNBs. According to this, three scenarios are identified for X2 setup procedure between (H)eNB and HeNB:
Scenario 1: Both (H)eNB-HeNBGW and HeNBGW-HeNB already have X2 interface 
Scenario 2: Neither (H)eNB-HeNBGW nor HeNBGW-HeNB already has X2 interface
Scenario 3: Either (H)eNB-HeNBGW or HeNBGW-HeNB already has X2 interface
2.1   The X2 setup for scenario 1

In scenario 1, the (H)eNB and HeNB already has X2 interface with HeNBGW for other (H)eNB. As shown in figure 1, when eNB finds a new neighbor HeNB because of  HeNB mobility or other events, if eNB does’t know the HeNB TAI is in the TAI set of HeNBGW at that time, eNB will send MME Configuration Transfer Message to HeNBGW by routing algorithm (as shown in step 1.1 and 1.2), else if eNB already finds the HeNB TAI is in the TAI set of HeNBGW, eNB will send eNB configuration Transfer Message to HeNBGW directly instead of step 1.1 and 1.2. Once HeNBGW receives that message and finds that it already has X2 interface both with eNB and HeNB, the eNB configuration update could be used to make eNB/HeNB know each other’s X2 interface available, then they obtain the peer X2 information by the HeNBGW, thus, the TNL address reply from HeNBGW to eNB is an optional step. For the case when HeNB finds a new neighbor HeNB or eNB, it sends eNB configuration Transfer Message to HeNBGW(as shown in step 1 with dotted line or step 1’with dashed line), HeNBGW can execute the same procedure as the eNB initiated case, the TNL address reply is a optional step, which could be omitted in this scenario. By the analysis, the X2 setup principle is as follows,
Principle 1: Once HeNBGW receives the eNB/MME configuration Transfer message, it firstly checks whether it has X2 interface with (H)eNB and HeNB that are identified by the eNB ID in eNB/MME configuration Transfer message.

Principle 2: If HeNBGW already has X2 interface both with (H)eNB and HeNB, the eNB configuration update is used to notify the peer (H)eNB that X2 interface is available.

One HeNBGW could be connected with a large number of HeNBs, which may be deployed in a vast area. Considering the agreement in the reference[2]-[3] at last meeting,  eNBs shall keep neighboring eNBs updated with the complete list of served cells while the X2 interface is operational. However, in HeNB case, if HeNBGW transfers all its HeNB’s cell information to (H)eNB, it will introduce overhead waste because in fact only a few of HeNBs is neighbor to (H)eNB. Therefore, HeNBGW is needed to store the neighbour list of (H)eNB aiming to transfer only the neighbor HeNB’s cell information to a special (H)eNB. Besides, the maximum value of cells that can be served by an eNB is 256 currently, but a larger value of served cell number may be needed in HeNB case based on HeNB deployment requirement. 
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 Figure 1The follow-up X2 setup procedure for scenario 1
2.2   The X2 setup for scenario 2

In scenario 2, neither (H)eNB-HeNBGW nor HeNBGW-HeNB already has X2 interface. As shown in figure 2, when HeNB powers on, then finds a neighbor eNB, it sends the eNB configuration transfer message to HeNBGW, because HeNBGW don’t store any information about target eNB, so the TNL address reply from HeNBGW needs be sent to HeNB aiming to trigger the X2 setup(as shown in step 1-7). For the case when HeNB powers on and finds a new neighbor HeNB, or the case when a new eNB finds a HeNB, the HeNBGW also can reply the TNL address information to source (H)eNB, which initiates the X2 setup procedure. For X2GW based solution, the HeNBGW’s address is included in the TNL address reply message.

At the end of the X2 setup procedure, HeNBGW stores the neighbour list of  (H)eNB as in scenario 1.
The X2 setup principle in scenario 2 is as follows:

Principle 3: If HeNBGW has X2 interface neither with (H)eNB nor HeNB, it is needed to reply one TNL address to the source (H)eNB to trigger the X2 setup request, the TNL address obtained by the source eNB/HeNB is HeNBGW TNL address instead of (H)eNB TNL address.
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Figure 2 The initial X2 setup procedure for scenario 2

2.3   The X2 setup for scenario 3
In scenario 3, either (H)eNB-HeNBGW or HeNBGW-HeNB already has X2 interface for other (H)eNB. As shown in figure 3-1, if the X2 interface between HeNB and HeNBGW has been established for other eNBs, it is available for new eNB to send the X2 setup request to HeNBGW after it receives the TNL address reply from HeNBGW(as shown in step 1-5)，it is also feasible that HeNBGW directly sends X2 setup request to eNB after it receives the eNB configuration Transfer in step 2(as shown in step 4-6 with dotted line), because HeNBGW already has the related X2 information based on the X2 interface with target HeNB, the TNL address reply is not necessary to eNB. For the other case in scenario 3, for example, as shown in figure 3-2, assuming that HeNBGW already has X2 interface with source HeNB which initiates the X2 setup toward (H)eNB, the above two solutions are also available(as shown in Figure 3-2, the step 7-9 with real line and the step 5’-7’ with dotted line, notice that we doesn’t show the TNL address discovery procedure of HeNBGW-target HeNB, which doesn’t go through MME). For the case when eNB has X2 interface with HeNBGW for other HeNBs and the source eNB/HeNB initiates the X2 setup procedure toward the target HeNB/eNB, or the case when HeNB has X2 interface with HeNBGW for other HeNBs and the target HeNB initiates the X2 setup procedure, the same X2 setup procedure could be used.
At the end of the X2 setup procedure, HeNBGW stores the neighbour list of  (H)eNB as in scenario 1.

The X2 setup principle in scenario 3 is as follows:

Principle 4: If HeNBGW has X2 interface either with  (H)eNB or HeNB, firstly, the X2 interface should be established for no X2 interface part, then HeNBGW uses eNB configuration update message to notify another (H)eNB. 
By the discussion to scenario 3, there are two alternative solutions to trigger the X2 setup request message, that is, the (H)eNB or HeNBGW sends that message when it receives TNL address from the replied eNB/MME configuration Transfer information, or, when the (H)eNB or HeNBGW receives the eNB/MME configuration Transfer information for requesting the TNL address. The first solution is proposed to be selected for alignment with the X2 setup rule in scenario 2.

Principle 5: For alignment with the X2 setup rule in scenario 2, it is suggested that the (H)eNB or HeNBGW sends the X2 setup request message after it receives TNL address from the replied eNB/MME configuration Transfer information.
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Figure 3-1 The X2 setup procedure initiated by eNB for scenario 3
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 Figure 3-2 The X2 setup procedure initiated by HeNB for scenario 3
3   Conclusion
Based on above discussion, there is multiple feasible X2 setup procedure or their variant version in above three scenarios, which are also partly described in [4]. It is proposed RAN3 to take the principles into account and agree following proposals: 
Proposal 1: A HeNB initiates the X2 interface establishment between HeNB and GW only after the HeNB finds a neighbor (H)eNB.
Proposal 2: To decrease the impact on frequent signaling for HeNB power on/off, it is necessary for HeNBGW to store the neighbor list of (H)eNB  and only send configuration update message to its neighbor (H)eNB. Besides, the maximum value of cells that may needed extend in HeNB case.
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