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1   Introduction 
This contribution discusses how the X2 GW knows the routing information (i.e. eNB ID and IP address) of the eNB. 
2   Detailed analysis 
Last meeting agreed HeNB is mandatory to perform registration, but did not agree on how X2 GW knows the routing information of the eNB. The agreed way forward listed several options. 

---

With this compromise solution, registration of eNB is left to operator choice via one of the following method:

· O1: X2GW is configured with the mapping (eNB ID, IP@)

· O2: eNBs are configured with X2GW addresses: when eNB discovers first HeNB, it sends X2AP Message Transfer (X2 Setup) to X2GW towards discovered HeNB and thus gets registered in X2GW (try and failure)

· O3: no configuration and use of enhanced TNL address discovery: when eNB discovers first HeNB, it uses enhanced TNL discovery to get the X2GW IP@ then , it sends X2AP Message Transfer (X2 Setup) to X2GW towards discovered HeNB and thus gets registered in X2GW

· O4: use of registration via X2 setup*: when HeNB discovers eNB not yet registered, the HeNB uses the enhanced TNL discovery to get the eNB IP@ and then uses the registration via X2 setup* towards the eNB.

---
O2 is similar to O3. The only difference between O2 and O3 is whether the eNB is preconfigured with the IP address of X2 GW. O2 requires pre-configure the eNB with the IP address of X2 GW, while O3 uses enhanced TNL address discovery. It may be argued that O2 reduces the TNL address discovery procedure, but we need to notice that the TNL address discovery in O3 is only required for the first HeNB. So this small benefit from O2 can be negligible. Considering RAN3 already agreed using enhanced TNL address discovery to inform eNB about the IP address of X2 GW, there is no need to consider O2.
Proposal 1: eliminate O2 from further discussion.
O3 can only be used for eNB initiated X2 setup, O4 can only be used for HeNB initiated X2 setup. So O3 and O4 need to work together. 
Proposal 2: combine O3 with O4 into one solution. 
With this analysis, there are following possible solutions for X2 GW to know the routing information of eNB:
· Solution 1: eNB uses the same registration procedure as HeNB

· Solution 2: X2 GW is preconfigured with the routing information of eNB (i.e. O1)

· Solution 3: X2 GW knows the routing information of eNB via eNB initiated X2 setup (O3), or HeNB initiated X2 setup (O4). 

Solution 1: eNB uses the same registration procedure as HeNB
Solution 1 is quite straightforward. Once the eNB know the IP address of X2 GW, i.e. during eNB or HeNB initiated enhanced TNL address discovery procedure, the eNB initiates SCTP establishment, and registration procedure. 
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Figure 1 – eNB performs explicit Registration

Since the eNB anyway need to support the X2AP MESSAGE TRANSFER, it will be a very small effort for eNB to send an X2AP MESSAGE TRANSFER for registration purpose. 
Solution 2: X2 GW is preconfigured with the routing information of eNB

The X2 GW initiates the SCTP establishment with eNB, when the X2 GW know the eNB is operational, e.g. successful ping the eNB’s IP address, or upon the reception of the X2AP MESSAGE TRANSFER message from the HeNB, indicating eNB is the target. This solution does not require any other change for HeNB initiated X2 setup. 
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Figure 2 – X2 GW is preconfigured with information of eNB
On the other hand, the eNB does not know whether the peer of an SCTP association is an X2 GW. For eNB initiated X2 setup, the eNB still need to initiates the enhanced TNL address discovery procedure to know the IP address of X2 GW, which makes it similar to O3. In addition, the operator may deploy more than one X2 GW in an area. Operator need to preconfigure all X2 GWs. An eNB may not need to connect to all X2 GWs when the eNB’s neighboring HeNBs may only connect to some but not all X2 GWs. This causes the SCTPs wasted for those X2 GWs that eNB does not need to connect to. 

Solution 3: X2 GW knows the routing information of eNB via eNB initiated X2 setup (O3), or HeNB initiated X2 setup (O4)
The X2 GW knows the routing information of eNB via two methods:

· For eNB initiated X2 setup (O3), the X2 GW knows the routing information of eNB when it receives the X2AP MESSAGE TRANSFER message from the eNB (Step 2). 
· For HeNB initiated X2 Setup (O4), the X2 GW knows the routing information of eNB when it receives the X2AP MESSAGE TRANSFER message from the HeNB, indicating eNB is the target (Step 14). The X2AP MESSAGE TRANSFER message contains addition IE for eNB’s IP address. 
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Figure 3 – Solution 3 (O3 & O4)
This solution need to solve an issue when X2 GW first receive the indirect X2 setup req from the HeNB but the X2 GW does not have the routing information of target eNB. (This will be discussed in a separate contribution.)  In addition, the X2 GW need to handle three types of “registration”
· For HeNB: The X2 GW knows the routing information of HeNB during HeNB initiated Registration (Step 0)

· For eNB: The X2 GW knows the routing information of eNB during eNB initiated X2 setup (Step 2)

· For eNB: The X2 GW knows the routing information of eNB during HeNB initiated X2 setup (Step 13)

This complicates the X2 GW implementation. This solution also requires a new IE in the X2AP MESSAGE TRANSFER message for eNB’s IP address. 
In a summary

· Solution 1: Simplified X2 GW implementation. Requires a small effort for eNB to send an X2AP MESSAGE TRANSFER for registration purpose. 
·  Solution 2: requires configuration in X2 GW, and eNB initiated TNL address discovery (O3). Wastes the SCTP with the X2 GWs when the eNB does not connect to. 
· Solution 3: need to solve the issue when X2 GW receives the indirect X2 setup towards an eNB but X2 GW does not have the routing information for the eNB. X2 GW need to handle three types of “registration”. Need new IE for eNB’s IP address in the X2AP MESSAGE TRANSFER message.
So Solution 1 is preferred.
Proposal 3: eNB uses the same registration procedure as HeNB.

The required change to the baseline CR is minimal (The proposed change to BL CRs are highlighted)

· For Stage-2 ([2]): 

· (H)eNB Registration procedure as described in Section 4.6.x.4. Regstration is used by an X2 GW to maintains the association between the TNL address(es) and the Global (H)eNB ID. HeNB Registers with its designated X2 GW as soon as it powers on. eNB Registers with the X2 GW once the eNB know the IP address of the X2 GW. The maintenance of association between the TNL address(es) and the Global (H)eNB ID will be further used when the X2 GW route other X2AP MESSAGE TRANSFER messages.
· For S1 Stage-3 ([4]):

If the X2 TNL Configuration Info IE contains the eNB Indirect X2 Transport Layer Addresses IE, the eNB may use it for the X2 TNL establishment , and transfer back the received eNB Indirect X2 Transport Layer Addresses towards the eNB indicated in the Source eNB-ID IE of the SON Configuration Transfer IE by initiating the eNB Configuration Transfer procedure.
Proposal 4: agree the above proposed changes to BL CR. 
3   Conclusion and Proposals
This contribution analyzed the possible solutions for X2 GW to know the routing information of eNB. Our proposals are:

Proposal 1: eliminate O2 from further discussion.
Proposal 2: combine O3 with O4 into one solution. 
Proposal 3: eNB uses the same registration procedure as HeNB.
Proposal 4: agree the above proposed changes to BL CR. 
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