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1.
Introduction
The issues regarding further HeNB mobility enhancement were discussed in last two meetings. The highest priorities were given to the following use cases: 
a.) The mobility from Macro eNB to open/hybrid HeNB
b.) The mobility from open/hybrid HeNB to Macro eNB

c.) The mobility from open/hybrid HeNB to hybrid HeNB
Among them, the Text proposal for Rel-11 Macro to HeNB enhancement was discussed by email in the past several weeks. There are several open issues which are not yet defined, for example the definition of X2 proxy in HeNB GW. In this paper, this issue and the membership verification for Macro to HeNB will be discussed. 
2.
Discussion
In this section, the X2 proxy function in HeNB GW will be mainly discussed. Then the membership verification problem is analyzed in the following subsection.
2.1 Definition of X2 Proxy function in HeNB GW
This is an open issue for the mobility enhancement from Macro eNB to HeNB when the HeNB GW exists. One example is shown in the following Fig. 1. It could also be applied to the case of mobility from HeNB to HeNB. 
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Fig.1 Deployment architecture with X2 proxy.
Several possible definitions exist. The first one is like the existing S1 based proxy in the HeNB GW. The other is the proxy like DeNB for relays.  In the following paragraphs, the two schemes will be discussed.
i) Like S1 proxy in HeNB GW 
In current spec, the E-UTRAN architecture may deploy a HeNB GW to allow the S1 interface between the HeNB and the EPC to support a large number of HeNBs in a scalable manner. The HeNB GW serves as a concentrator for the C-Plane, specifically the S1-MME interface as shown in Fig.2. The HeNB GW relays UE associated S1 messages between the MME serving the UE. The HeNB GW also terminates non-UE associated S1 messages towards the HeNB GW and towards the MME. For the use plane, a direct logical U-Plane connection between HeNB and S-GW may be used as shown in Fig. 2. 
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Fig.2 E-UTRAN HeNB logical architecture with S1 proxy
So in principle, the X2 HeNB GW may have similar proxy functions as S1 proxy HeNB GW. That is, the X2 HeNB GW serves as a concentrator for the C-Plane only. The HeNB GW appears as an eNB whether from source Macro point of view or from target HeNB point of view. Basically, the X2 proxy HeNB GW relays UE associated X2 messages between (H)eNB and HeNB. The HeNB GW also terminates non-UE associated X2 messages between (H)eNB and HeNB. For use plane, a direct logical U-Plane connection between (H)eNB and HeNB may also be used like the S1 case.
ii) Like DeNB proxy for Relay node
In the current spec, the DeNB provides S1 and X2 proxy functionality between the RN and other network nodes (other eNBs, MMEs and S‑GWs). The proxy functionality includes passing UE-dedicated S1 and X2 signalling messages as well as GTP data packets between the S1 and X2 interfaces associated with the RN and the S1 and X2 interfaces associated with other network nodes. All non-UE-dedicated S1/X2 procedures are terminated at the DeNB, and handled locally between the RN and the DeNB, and between the DeNB and the MME(s)/other eNBs. 
It can be seen that the proxy scheme has something different from the first scheme. That is, for user plane, the DeNB has GTP tunnel mapping for the GTP tunnel from serving gateway and the GTP tunnel to relay node, which means that it is not a direct logical U-plane connection between serving gateway and relay node. Therefore, compared with the S1 proxy function in HeNB GW, the S1 proxy scheme in HeNB GW is more suitable for X2 proxy function in HeNB GW from the simplicity point of view.
Based on the analysis and the comparison above, the following proposal is suggested to RAN3.
 Proposal 1) The X2 proxy function in HeNB GW can be defined by referring to the already working S1 proxy function in HeNB GW.
2.2 Membership Verification
Membership verification is the common issue which applies to the mobility enhancement from Macro eNB to hybrid mode HeNB, from open mode HeNB to hybrid mode HeNB, and from hybrid mode HeNB to hybrid mode HeNB cases. It is possible that one common solution can solve all of the cases above.
During the email discussion, convergence was achieved about which node to verify the membership. That is, it is done basically by MME because in this way the UE’s subscription information is not propagated outside of the CN, and the current network security and trust model still works. Four alternative schemes are available [2], which are given as follows:
Solution: Membership verification (MV) in CN.

· Solution 1a: Source eNB triggers MV before initiating handover
· Solution 1b: Target HeNB triggers MV before accepting handover
· Solution 1c: Target HeNB triggers MV during handover, first accepting the UE as a non-member and later upgrading it if MV checks
· Solution 1d: Target HeNB triggers MV during handover, first accepting the UE according to its reported CSG membership status and later downgrading it if MV fails 

Now, the comparison of them will be analyzed. 
For the solution a and b, the source or target (H)eNB triggers the MV before initiating or accepting HO, while for the solution c and d the triggering is done during the HO. Thus it is very clear that solution a and b require new S1 messages to perform the checking, which is not a good way since it is X2 handover. The less S1 messages, the better. That is also the reason, the X2 interface based mobility enhancement is necessary.  On the other hand, solution c and d can solve the problem by using the existing S1 messages, i.e., PATH SWITCH REQUEST and PATH SWITCH ACK messages. From this point of view, solution c and d have big advantage compared with solution a and b. The original objective of X2 based mobility enhancement, i.e., reducing the signalling overloading in CN, would be realized by solution c and d.
On the other hand, there may have some concerns related to solution c and d regarding the priority and some UE cheaters. Solution c may treat a real CSG member as a non-member, which is not good to a CSG member. Solution d has a drawback to the UE cheaters, in which the UE pretends to be a CSG member. The source HeNB or Macro eNB would just trust the reporting from UE and treat it as a real member when it proceeds the handover procedure. However, the target HeNB would use PATH SWITCH REQUEST/ACK messages to obtain the verification from MME. After receiving the results, if UE is a cheater, the target HeNB may put this UE into the blacklist, reject further service to it, or just kindly change the service priority for it. This can be performed by the target HeNB.  Therefore, the drawbacks can be overcome to some extend. And the happening of cheating would be very seldom. 
Based on the analysis above, we can see that the solution c and d are the most proper schemes for solving the problem. So the following proposal is suggested to RAN3.

Proposal 2) It is proposed to RAN3 to down-select the solutions and includes only solution c and d in the TR-37.803. 
3. Conclusions
In this paper, the X2 proxy function in HeNB GW and the membership verification problem were analyzed for the mobility enhancement from Macro eNB to HeNB. The following proposals are suggested to RAN3: 
Proposal 1) The X2 proxy function in HeNB GW can be defined by referring to the already working S1 proxy function in HeNB GW.
Proposal 2) It is proposed to RAN3 to down-select the solutions and includes only solution c and d in the TR-37.803. 
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