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1 Introduction
In this contribution, we discuss the possible solutions for optimized HeNB to HeNB mobility in intra-CSG, which are used to improve the performance of mobility procedures between HeNBs served by the same HeNB GW. Three options are discussed according to four criteria.

The four criteria are:

Criterion 1: signalling traffic at MME;

Criterion 2: CSG valid check;
Criterion 3: message interaction and processing;

Criterion 4: message transfer delay.
The discussion is followed by the comparison of the three options, and then, the conclusion and proposal.
2 Discussion

2.1 Option 1: reusing existing S1 HO procedures and terminate them at the HeNB GW
According to the description of [2], the handover procedure, which is terminated at HeNB GW, transfers signaling messages between S-HeNB and T-HeNB via S1 interface, as shown in Figure 1:
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Figure 1: S1 HO procedure terminated in the HeNB GW
Analysis on this option:

1、 The handover procedure is terminated at HeNB GW, which MME is not involved in. Hence, all the procedures that are required to be executed by MME are executed by HeNB GW, and the signaling traffic load at MME is reduced to zero.

2、 HeNB GW is required to execute CSG valid check after it receives Handover Required message, to confirm that the handover is an intra-CSG procedure.

3、 In this procedure, there are too many message interactions between HeNB GW and S-HeNB and T-HeNB. We can estimate that the number of message interactions is approximately equal to that of HNB GW based solution according to the complexity analysis in [3]. Meanwhile, messages interactions and processing are mainly concentrated in HeNB GW since HeNB GW participates anytime a UE moves in the coverage of any HeNB belonging to it. Consequently, message interactions and processing will greatly reduce the efficiency.

4、 Before “RRC Connection Reconfiguration”, there are four message transfers in Figure 1, so the transfer delay is calculated based on the four message transfers.

2.2 Option 2: transparently transferring X2 HO signaling messages between HeNBs via the HeNB GW
According to description of [1], the handover procedure, which is terminated at the HeNB GW, transparently transfers signalling messages between S-HeNB and T-HeNB via the HeNB GW, as shown in Figure 2:
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Figure 2: HeNB GW transparent HeNB enhanced handover

Analysis on this option:
1、 The handover procedure is terminated at HeNB GW, which MME is not involved in. Hence, all the procedures that are required to be executed by MME are executed by HeNB GW, and the signaling traffic load at MME is reduced to zero.

2、 No CSG valid check is required since it has been confirmed that S-HeNB and T-HeNB have the same CSG Id during the initiation of the X2 interface.
3、 In this procedure, HeNB GW transparently transfers messages between S-HeNB and T-HeNB, and process path switch request as well. Large quantities of message interactions still exist in the procedure, however, messages are mainly concentrated in T-HeNB, while in Option 1 messages are concentrated in HeNB GW. Meanwhile, T-HeNB participates in the procedure only when a UE moves in its coverage, while HeNB GW participates anytime a UE moves in the coverage of any HeNB belonging to it. Consequently, HeNB GW will probably transfer and process much more messages than T-HeNB, and this option will have less effect on the efficiency than Option 1.

4、 Before “RRC Connection Reconfiguration”, there are four message transfers in Figure 2, so the transfer delay is calculated based on the four message transfers.

2.3 Option 3: transferring X2 HO signaling messages between HeNBs via a direct HeNB-HeNB interface
According to description of [2], the handover procedure directly transfers signaling messages between S-HeNB and T-HeNB via a direct interface, as shown in Figure 3:
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Figure 3: X2 HO procedure terminated in the GW

Analysis on this option:

1、 The handover procedure is terminated at HeNB GW, which MME is not involved in. Hence, all the procedures that are required to be executed by MME are executed by HeNB GW, and the signaling traffic load at MME is reduced to zero.
2、 No CSG valid check is required since it has been confirmed that S-HeNB and T-HeNB have the same CSG Id during the initiation of the X2 interface.

3、 In this procedure, HeNB GW is only required to process path switch request. According to the complexity analysis for handover via direct interface in [3], we can estimate that message interactions are approximately half as many as that in Option 1. Additionally, messages are mainly concentrated in T-HeNB as described in Option 2. Consequently, the effect on the efficiency will be the least among the three options.

4、 Before “RRC Connection Reconfiguration”, there are two message transfers in Figure 3, so the transfer delay is calculated based on the two message transfers. Consequently, the delay will probably be the smallest among the three options.

3 Comparison

Based on the analysis of the three options, the comparison of the three options is shown in Table 1:

Table 1：Comparison of the three options
	
	Signalling traffic at MME
	CSG valid check
	Message interaction and processing
	Message transfer delay

	Option 1
	Reduced to zero
	HeNB GW is required to execute CSG valid check
	Greatly decreases the efficiency of handover procedure
	Approximately twice of Option 3

	Option 2
	Reduced to zero
	No CSG valid check is required
	The efficiency decrease is less than Option 1, more than Option 3
	Approximately twice of Option 3

	Option 3
	Reduced to zero
	No CSG valid check is required
	The efficiency decrease is the least among the three options
	Probably smallest


4 Conclusion and Proposal
From the comparison of the three options, we draw the conclusion as follows: option1 is too complicated to improve the performance of mobility procedures, while Option 2 and Option 3 are more efficient than Option 1.
Proposal 1: X2 interface via HeNB GW and direct X2 interface between HeNBs are supported for HO between HeNBs.
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