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1   Introduction
Membership verification is a common issue for mobility enhancement from eNB to hybrid HeNB, from open HeNB to hybrid HeNB and from hybrid HeNB to HeNB. In the TP [5] for macro to hybrid mode HeNB mobility, several solutions were given for membership verification. 
This contribution gives the comparison of those solutions. A revised TP for macro to HeNB is given.
2   Discussion

There are following solutions of membership verification (MV) for mobility to hybrid HeNB.

Solution 1: Source eNB triggers MV before initiating handover. A new CSG Query procedure needs to be defined over S1.
Solution 2: Target HeNB triggers MV before accepting handover. A new CSG Query procedure needs to be defined over S1.
Solution 3: Target HeNB triggers MV during handover, first accepting the UE as a non-member and later may upgrading it after MV checks.

Solution 4: Target HeNB triggers MV during handover, first accepting the UE according to its reported CSG membership status and later may updating it after MV checks.
The general considerations on the various solutions are given in the TP. It is clear to give overall comparison of those solutions in the table.

Comparision:
Table 1: Comparision of the solutions
	
	Pros

	Cons


	Solution 1
	Allocate the appropriate resources;
The new S1 procedure may be used for mobility to CSG cell (low priority);
	Handover delay;

New procedure definition


	Solution 2
	Allocate the appropriate resources;
The new S1 procedure may be used for mobility to CSG cell (low priority);
	Handover delay;

New procedure definition

	Solution 3
	Less signalling;
No additional handover delay;
	A UE that is a CSG member would possibly get degraded service until its membership is confirmed.

	Solution 4
	Less signalling;
No additional handover delay;
Arguably the majority of cases
	In case a UE pretends to be a CSG member, the UE can be treated as non-member or drop/black it

* There is no gain for the UE to fool around when reporting its membership status.


3   Conclusion
Based on the discussion in section 2 and in R3-112849 [6], the revised TP for mobility enhancement from macro to HeNB is provided. It is proposed to agree the revised TP. 
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6.2
LTE architectural topics

6.2.1
Support of X2 via GW proxy
The X2 via GW proxy can be used in case of HeNB GW deployment. There are two alternatives for X2 proxy.

Alternative 1: Similar to the Relay X2

The HeNB GW provides X2 proxy functionality between the HeNB and other eNBs. The X2 proxy functionality includes passing UE-dedicated X2 signalling messages as well as GTP data packets between the X2 interfaces associated with the HeNB and the X2 interfaces associated with other eNBs. Due to the proxy functionality, the HeNB GW appears as an an eNB to the eNB and the HeNB.

Alternative 2: SCTP aggregator

From access layer point of view, the X2 interface is directly between the HeNB and other eNBs. But the data including message transmission is routed through HeNB GW. A SCTP association for X2 interface may be setup between HeNB and HeNB GW and between HeNB GW and eNB.

Comparision:

Table X: Comparision of Alternative 1 and Alternative 2

	
	Similar to the Relay X2
	SCTP aggregator

	Stage 3 impact
	Already support it 
	Already support it 

	Scalability of the solution
	Scalable 


	Scalable  

	Need to consider the fact that IP address maybe dynamically configured
	No issue for this solution 
	Impact on the macro performance i.e. acquire HeNB IP and setup/release X2. 



	IOT for eNB
	Necessary with HeNB GW 
	Necessary with each HeNB 


6.2.2
Enhanced Mobility with macro network
Some general assumptions for the following study can be beneficial.

It is desirable that the solutions studied for macro-to-femto enhanced mobility preserve the current signaling and architecture assumptions as much as possible.

6.2.2.1 Issue 1: Macro ( Open HeNB

In this mobility case, membership verification is not needed. The eNB may differentiate the open-access HeNB from the other types of (H)eNBs by PCI configuration or ECGI configuration.
Solution 1: Macro-open enhanced mobility is performed via X2 between eNB and open-access HeNB.
Solution 2: Macro-open enhanced mobility is performed via X2 GW proxy as in 6.2.1.
6.2.2.2 Issue 2: Macro ( Hybrid HeNB

There are two solutions for macro to hybrid HeNB enhanced mobility.
Solution 1: Macro-hybrid enhanced mobility is performed via X2 between eNB and hybrid-access HeNB.
Solution 2: Macro- hybrid enhanced mobility is performed via X2 GW proxy as in 6.2.1.

In this mobility case, membership verification is needed. This issue applies to macro –> hybrid HeNB, open HeNB –> hybrid HeNB, and hybrid HeNB –> hybrid HeNB (inter-CSG) cases.
6.2.2.2.1 Membership Verification



It is desirable that the method chosen for membership verification should be also applicable to the case of inter-CSG enhanced mobility between hybrid HeNBs and from open HeNB to hybrid HeNB. In fact, there are some commonalities between the three cases.


Solution 1: Source eNB triggers MV before initiating handover. A new CSG Query procedure needs to be defined over S1.
Solution 2: Target HeNB triggers MV before accepting handover. A new CSG Query procedure needs to be defined over S1.
Solution 3: Target HeNB triggers MV during handover, first accepting the UE as a non-member and later may upgrading it after MV checks.

Solution 4: Target HeNB triggers MV during handover, first accepting the UE according to its reported CSG membership status and later may updating it after MV check.
Comparision:

Table Y: Comparision of the solutions

	
	Pros


	Cons


	Solution 1
	Allocate the appropriate resources;

The new S1 procedure may be used for mobility to CSG cell (low priority);
	Handover delay;

New procedure definition



	Solution 2
	Allocate the appropriate resources;

The new S1 procedure may be used for mobility to CSG cell (low priority);
	Handover delay;

New procedure definition

	Solution 3
	Less signalling;

No additional handover delay;
	A UE that is a CSG member would possibly get degraded service until its membership is confirmed.

	Solution 4
	Less signalling;

No additional handover delay;

Arguably the majority of cases
	In case a UE pretends to be a CSG member, the UE can be treated as non-member or drop/black it

* There is no gain for the UE to fool around when reporting its membership status.
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6.3
Inter-CSG Mobility
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