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1 Introduction 
The Rel-10 WI considers enhancements for HNB to HNB HO and there is only one candidate solution for this a Direct Interface, as other candidate GW based solutions are considered part of the WF for correction of Rel-9 HNB-HNB HO [1].  Therefore this paper considers the issues of direct interface in respect of:

A. Benefits for direct interface (e.g. more efficient mobility support w/ respect to CN-based solution? Benefits of SHO? etc..)

B. Complexity to introduce the direct interface
2 Discussion

In consideration of enhancements to HNB-HNB mobility, the only standardised solution from Rel-9 that could be used is SRNS Relocation via the CN. During the recent discussions on this issue, such a method involving the CN was considered to be an acceptable alternative by some companies as it was defined in Rel-9 for inbound HO and had none of the problems related to other solutions when the CN was not involved. For instance, requiring the addition of CN functionality in the HNB-GW and/or HNB. 

Therefore this is the only HNB-HNB HO method currently defined in 3GPP and hence is the only method that can be used as a reference to compare proposed improvements against

This paper will look at 2 methods:

SRNS relocation via the CN based on the inbound HO method in 25.467, 5.9.2

The direct interface method based on description of Handover via the Iuh-r interface in [2] 

In all examples procedures that involve relocation of a CS & PS context for a UE are considered.

One of the key issues to consider when comparing these methods is the relative complexity of each of them.  Therefore in order to get such information a first step is to consider the size/complexity of the messages involved in each of the procedures Hence a rough count of the IEs is made based on the number of leaf nodes of the tree view of the ASN.1.  This doesn't take into account the presence/absence of optional elements and repetitions, the size of IEs, or the presence of transparent containers, but does give a measure of overall size and complexity. The values are shown in Annex A, Table 5‑1.
2.1 CN involved method
This is the method based on in-bound handover defined in Rel-9. The diagram Figure 2‑1 shows the message flows in handover of CS and PS simultaneously. All the RANAP messages pass through the GW, but are not analysed there and only RUA (and HNBAP) are terminated at the GW.
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Figure 2‑1
CN involved HNB-HNB HO.

2.1.1 Analysis of messages
Details are shown in Annex B. Summary of messages and IEs for Intra and Inter-CSG:

	Node
	Messages Sent/Recd
	IE

	CN Domain 
CS + PS 
	16
	906

	HNB-GW
	32
	184

	HNB Source
	8
	400

	HNB Target
	8
	598

	TOTALS
	64
	2088


2.2 Direct Interface
This solution doesn't use RANAP at all, but a new logical interface between the HNBs. The messages flows are shown in the diagram Figure 2‑6.  Although the GW is not directly involved in the main handover mechanism, it is involved to support the user plane switching and optionally access control. The message set is based on the Enhanced SRNS relocation procedures defined in RNSAP but only including the essential elements for a HNB to HNB HO. Access control messages to/from the HNB-GW are optional. They may be needed for Inter-CSG case, and for Intra-CSG with non-CSG UEs.
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Figure 2‑6 Direct Interface Solution
2.2.1 Analysis of messages
Details are shown in Annex B. Summary of messages and IEs for Intra-CSG case:

	Node
	Messages Sent/Recd
	IE

	CN Domain 
CS + PS 
	0
	0

	HNB-GW
	6
	80

	HNB Source
	5
	82

	HNB Target
	9
	147

	TOTALS
	20
	309


Summary for Inter-CSG case:

	Node
	Messages Sent/Recd
	IE

	CN Domain 
CS + PS 
	2
	21

	HNB-GW
	8
	107

	HNB Source
	5
	82

	HNB Target
	11
	168

	TOTALS
	26
	378


2.3 Comparison of Complexity

This summarizes the message/IE analysis above to give an indication of the level of complexity needed to support these different options.
Intra-CSG:

	Node
	Item
	CN Involved
	Direct Interface

	CN Domain 
CS + PS 
	Msgs Sent/Recd
	16
	0

	
	IEs processed
	906
	0

	HNB-GW
	Msgs Sent/Recd
	32
	6

	
	IEs processed
	184
	80

	HNB Source
	Msgs Sent/Recd
	8
	5

	
	IEs processed
	400
	82

	HNB Target
	Msgs Sent/Recd
	8
	9

	
	IEs processed
	598
	147

	TOTALS
	Msgs Sent/Recd
	64
	16

	
	IEs processed
	2088
	309


Inter-CSG:

	Node
	Item
	CN Involved
	Direct Interface

	CN Domain 
CS + PS 
	Msgs Sent/Recd
	16
	2

	
	IEs processed
	906
	21

	HNB-GW
	Msgs Sent/Recd
	32
	8

	
	IEs processed
	184
	107

	HNB Source
	Msgs Sent/Recd
	8
	5

	
	IEs processed
	400
	82

	HNB Target
	Msgs Sent/Recd
	8
	11

	
	IEs processed
	598
	168

	TOTALS
	Msgs Sent/Recd
	64
	26

	
	IEs processed
	2088
	378


No of interfaces involved:

	CN involved
	Direct Interface

	3 (Iups, Iucs, Iuh)
	3 (Iups, Iuh, Iuhr)


3 Conclusion
From the figures presented it is clear that the Direct Interface method for HNB-HNB mobility provides a significantly more efficient method compared to the CN based procedure, with about a 6 times reduction in the number of IEs processed, and a significant reduction in the processing required by both the HNB-GW and the CN. It is therefore proposed that this approach is specified for the Rel-10 enhanced mobility.
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5 Annex A

Table below shows the values used for assessing the number of IEs in messages.

It does not take into account the optionality of IEs (all assumed to be included) and the repeat counts of sequences (counted only once). For messages containing transparent containers, the contents of these has not been analysed (count as 1 IE).
	Protocol
	Message
	IEs
	Protocol
	Message
	IEs

	RANAP
	Relocation Required
	105
	HNBAP
	UE Registration Request
	13

	
	Relocation Request
	207
	
	UE Registration Accept
	17

	
	Relocation Request Acknowledge
	61
	
	Access Control Query Note 1
	15

	
	Relocation Command
	43
	
	Access Control Response Note 1
	6

	
	Relocation Detect
	1
	
	Path Switch Request Note 1
	20

	
	Relocation Complete
	1
	
	Path Switch Request Acknowledge
	15

	
	Iu Release Command
	13
	HNBRAP Note 2
	Relocation Request
	19

	
	Iu Release Complete
	22
	
	Relocation Response
	16

	RUA
	Direct Transfer
	4
	
	Relocation Commit
	16

	
	Connect
	17
	
	Relocation Release
	15

	
	Disconnect
	5
	
	Relocation Signalling Transfer
	16

	
	UE Information
	4
	
	
	

	
	
	


Table 5‑1
Approximate Number of IEs in Messages.
Note 1: New messages as defined in [2]
Note 2: New protocol for direct interface proposed in [3] Same messages used in GW Solution 3.
6 Annex B Analysis of Messages

6.1 CN involved method
HNB Source

	Message
	Msg Sent
	IEs sent
	Msgs Recv
	IEs Recv

	Relocation Required in RUA DT
	2
	218
	
	

	Relocation Command in RUA DT
	
	
	2
	94

	Iu Release Command in RUA DT
	
	
	2
	34

	Iu Release Complete in RUA Disconnect
	2
	54
	
	

	TOTAL
	4
	272
	4
	128


HNB Target

	Message
	Msg Sent
	IEs sent
	Msgs Recv
	IEs Recv

	Relocation Request RUA Connect
	
	
	2
	448

	Relocation Request Acknowledge in RUA DT
	2
	130
	
	

	Relocation Detect in RUA DT
	2
	10
	
	

	Relocation Complete in RUA DT
	2
	10
	
	

	TOTAL
	6
	150
	2
	448


HNB GW

	Message
	Msg Sent
	IEs sent
	Msgs Recv
	IEs Recv

	Relocation Required in RUA DT
	2
	210
	2
	218

	Relocation Request RUA Connect
	2
	448
	2
	414

	Relocation Request Acknowledge in RUA DT
	2
	122
	2
	130

	Relocation Command in RUA DT 
	2
	94
	2
	86

	Relocation Detect in RUA DT
	2
	2
	2
	10

	Relocation Complete in RUA DT
	2
	2
	2
	10

	Iu Release Command in RUA DT
	2
	34
	2
	26

	Iu Release Complete in RUA Disconnect
	2
	44
	2
	54

	TOTAL
	16
	956
	16
	948


Note: In this method the RANAP messages are passed transparently through the GW.

6.2 Direct Interface
HNB Source

	HNB Source
	Msg Sent
	IEs sent
	Msgs Recv
	IEs Recv

	Relocation Request
	1
	19
	
	

	Relocation Response
	
	
	1
	16

	Relocation Commit
	1
	16
	
	

	Relocation Release
	
	
	1
	15

	Relocation Signalling Transfer
	1
	16
	
	

	TOTAL
	3
	51
	2
	31


HNB Target

	HNB Source
	Msg Sent
	IEs sent
	Msgs Recv
	IEs Recv

	Relocation Request
	
	
	1
	19

	Access Control Query Note 1
	1
	15
	
	

	Access Control Response Note 1
	
	
	1
	6

	Relocation Response
	1
	16
	
	

	Relocation Commit
	
	
	1
	16

	Path Switch Request
	1
	20
	
	

	Path Switch Request Acknowledge
	
	
	1
	15

	UE Registration Request
	1
	13
	
	

	UE Registration Accept
	
	
	1
	17

	Relocation Release
	1
	15
	
	

	Relocation Signalling Transfer
	
	
	1
	16

	TOTAL
	5(4)
	79(64)
	6(5)
	89(83)


Note 1: Inter-CSG operation only

HNB GW

	HNB GW
	Msg Sent
	IEs sent
	Msgs Recv
	IEs Recv

	Access Control Query Note 1
	
	
	1
	15

	Access Control Response Note 1
	1
	6
	
	

	Iu Access Query Note 1
	1
	15
	
	

	Iu Access Response Note 1
	
	
	1
	6

	Path Switch Request
	
	
	1
	20

	Path Switch Ack
	1
	15
	
	

	UE Registration Request
	
	
	1
	13

	UE Registration Accept
	1
	17
	
	

	TOTAL
	4(3)
	53(32)
	4(3)
	54(48)


Note 1: Inter-CSG operation only.
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