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1. Introduction
An email discussion on handover signalling at GW has taken place after the last RAN3 meeting. During the email discussion, possibility of handover signalling without core network involvement has been discussed. However, no decisions have been made especially for HeNB case. This document attempts to provide the use cases and deployment scenarios in which the handover signalling without core network involvement deploying HeNB GW would be effective, and also proposes the E-UTRAN architecture to support handover signalling without core network involvement. 
2. Use case and deployment scenario
In Release 8 specification, the E-UTRAN architecture may deploy HeNB GW to scale the support a large number of HeNBs [1]. The potential use cases for a large number of HeNBs to be set up are high density areas (e.g., amusement park, sports stadium, public transportation station and indoor office, etc.) shown in Figure 1. 

[image: image1]
Figure 1: Use cases in high density area
In the abovementioned cases,to cope with  a huge volume of traffic that would be expected, operators will attempt to complement the coverage by means of deploying overlaid cells in the intended area. A viable way to do this is by utilizing open/hybrid mode HeNBs. In this use case, HeNB GW is likely to be implemented to serve as a concentrator for the C-plane signalling. In Rel.8, the HeNB GW only relays UE-associated S1 application part procedures between the MME and the HeNB, and only S1 handover is supported for HeNB mobility. This means that the MME will be involved in every handover with which HeNB is concerned. In general, the coverage area served by a HeNB is so small that a large number of inbound, outbound and intra HeNB GW handover would occur in the abovementioned cases. With the present mobility support, it is foreseen that the MME will have to cope with a large amount of S1 signalling. In order to minimize the handover signaling processing load at the MME, the MME involvement during those three handover procedures should be minimized. Hence, the handover scheme without the MME involvement would be beneficial for operators to deploy a large number of HeNBs. 

Proposal 1: The E-UTRAN with deployed HeNB GW should support the handover scheme without the MME involvement in order to scale to support a large number of HeNBs.  
3. Alternatives to support HO signalling termination at GW
This section investigates the E-UTRAN architecture alternatives with deployed HeNB GW, so that the MME involvement during handover can be minimized. 
3.1 Inbound and outbound handover
Based on the Release 8 E-UTRAN architecture, there are 3 additional architecture alternatives for inbound and outbound handover scenarios (see Figure 2). They are as the following: 
Baseline architecture: The S1 interface is defined between the HeNB and the core network via the HeNB GW. 
Alternative 1: The S1 interface is defined between the eNB and the HeNB GW. 
Alternative 2: The X2 interface is defined between the eNB and the HeNB GW. 
Alternative 3: The X2 interface is defined between the eNB and the HeNB via the HeNB GW. 
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Figure 2: E-UTRAN architecture alternatives for inbound/outbound handover without the MME involvement
Table 1: Alternative comparison table on inbound/outbound handover
	
	Baseline (Rel-8)
	Alt. 1
	Alt. 2
	Alt. 3

	HO signalling processing load at the MME
	High
- needs to handle the whole S1 HO procedures
	Medium
- Procedure for the HeNB GW to retrieve the whole UE context from the MME is needed
	Medium

- Procedure for the HeNB GW to retrieve part of the UE context from the MME is needed
	Low
- Only handles path switch procedure

	HeNB GW impact
	Relaying or terminating S1-C/U IF
	Full fledged MME
- equivalent to deploy another MME
	Needs to translate S1 messages into X2 messages and vice versa
	Relaying or terminating S1/X2-C/U IF

	HeNB impact
	S1 IF
	As in Rel-8
	As in Rel-8
	S1 IF and X2 IF

	eNB impact
	S1 IF only (for HeNB architecture)
	Another S1 IF between the eNB and the HeNB
- The eNB needs differentiate when sending S1 messages to the MME or the HeNB GW.
	S1 IF and X2 IF
	S1 IF and X2 IF

	Standardization impact
	No impact
	Needs to define S1 IF between the eNB and the HeNB GW. 

Needs to modify the HeNB GW functionalities. 
	Needs to define S1 IF between the eNB and the HeNB GW. 
Needs to define additional HeNB GW functionalities. 
	Needs to define X2 IF between the eNB and the HeNB GW, and X2 IF between the HeNB and HeNB GW
Needs to define additional HeNB GW functionalities. 

	Total evaluation
	Baseline
	Bad
	Not good
	Very good


■: remarkable drawback
From the comparison table shown in table 1, it can be seen that: 
-
Alternative 1 can be excluded since it is equivalent to define another MME and nothing can be resolved for the abovementioned issues. 

-
Alternative 2 needs to translate S1 messages into X2 messages and vice versa at the HeNB GW, and in order to do this, HeNB GW needs to retrieve part of the UE context from the MME, that results in defining new procedure between the MME and the HeNB GW. 
-
Alternative 3 can achieve the least handover signalling processing load at the MME. Although the HeNB needs to have an X2 interface, its functions are compatible with the eNB itself, and it would not be a significant impact. In addition, the HeNB GW appears to the eNB as a neighbour eNB, hence, the eNB impact is also not significant. At the HeNB GW, an additional function to relay or terminating X2 interface needs to be defined. However, since it has already been defined for S1 interface at the HeNB GW in Release 8, the impact is expected to be small. 
From the total evaluation, DOCOMO thinks that alternative 3 is superior to any other solutions. 
Proposal 2: The X2 interface should be defined between the eNB and the HeNB via the HeNB GW in order to support inbound and outbound handover scheme without the MME involvement. 
3.2 Intra HeNB GW handover

In the same manner, architecture alternatives for intra HeNB GW handover can be studied based on the Release 8 E-UTRAN architecture. Following 3 alternatives can be considered (see Figure 3). 
Baseline architecture: The S1 interface is defined between the HeNB and the core network via the HeNB GW. Intra HeNB GW handover is performed as in Release 8 S1 handover scheme. 
Alternative 1: The interface is the same as in Release 8. Intra HeNB GW handover is performed by S1 handover scheme relayed by the HeNB GW. 
Alternative 2: The direct X2 interface is defined between the HeNB and the HeNB. Intra HeNB GW handover is performed by X2 handover scheme with direct interface. 
Alternative 3: The X2 interface is defined between the HeNB and the HeNB via the HeNB GW. Intra HeNB GW handover is performed by X2 handover scheme relayed by the HeNB GW. 


[image: image3.emf]MME / S-GW

S

1

HeNB

HeNB GW

S

1

S

1

MME / S-GW

HeNB

S

1

S

1

MME / S-GW

HeNB

S

1

S

1

X2

HeNB GW

HeNB GW

MME / S-GW

S

1

HeNB

S

1

S

1

X

2

HeNB GW

X

2

Baseline architecture (Release 8 S1 HO)

Alternative 1 (S1 HO relayed by 

HeNB-GW)

Alternative 2 (X2 HO with direct IF)

Alternative 3 (X2 HO relayed by 

HeNB-GW)

HeNB

S

1

HeNB

S

1

HeNB HeNB

HO signaling 

termination

HO signaling 

termination

HO signaling 

termination

HO signaling 

termination


Figure 3: E-UTRAN architecture alternatives for intra HeNB GW handover without the MME involvement
Table 2: Alternative comparison table on intra HeNB GW handover
	
	Baseline (Rel-8)
	Alt. 1
	Alt. 2
	Alt. 3

	HO signalling processing load at the MME
	High

- needs to handle the whole S1 HO procedures
	No load
- HO signalling is terminated at the HeNB GW. 
	Low

- Only handles path switch procedure
	Low

- Only handles path switch procedure

	HeNB GW impact
	Relaying or terminating S1-C/U IF
	Full fledged MME

- equivalent to deploy another MME
	As in Rel-8
	Relaying or terminating S1/X2-C/U IF

	HeNB impact
	S1 IF
	As in Rel-8
	S1 IF and X2 IF
	S1 IF and X2 IF

	U-plane data forwarding delay
	Larger than any other alternatives
	Larger delay than X2 HO with direct IF

- It depends on the Network topology and HeNB GW location.
	Smaller than any other alternatives

	Larger delay than X2 HO with direct IF

- It depends on the Network topology and HeNB GW location.

	NRT routing management
	Only needs to communicate with the MME regardless of the target HeNB
	Only needs to communicate with the HeNB GW regardless of the target HeNB
	Needs to manage neighbour eNBs entry in the NRT
	Only needs to communicate with the HeNB GW regardless of the target HeNB

	Number of SCTP connections
	1
	1
	Too many
	2

	Total evaluation
	Baseline
	Not good
	Not good
	Very good


■: remarkable drawback
From the comparison table shown in table 2, it can be seen that: 

-
Alternative 1 is equivalent to define another MME and indicates that new MME should be deployed in the intended area. Therefore, it is out of standardization scope. 

-
Alternative 2 can achieve the smallest data forwarding delay of the three alternatives. However, the key issue is the routing management of the neighbour eNBs entry in the NRT and its update frequency, since it is foreseen that the frequent occurrence of HeNB boot up, shutdown and movement is much higher than the Macro eNB. In addition, the increased number of the HeNBs causes the increased number of SCTP connections and might have an impact to the HeNB processing load. 
-
Alternative 3 experiences larger delay than alternative 2, however it depends on the network topology and HeNB GW location. Therefore, it would not be a significant drawback. On the other hand, alternative 3 has key advantage that the HeNB only needs to communicate with the HeNB GW regardless of the target HeNB. In terms of the HeNB and HeNB GW impact, no significant concerns are foreseen in addition to the solution proposed for inbound/outbound handover scenario. 
From the total evaluation, DOCOMO thinks that alternative 3 is superior to any other solutions. 

Proposal 3: The X2 interface should be defined between the HeNBs via the HeNB GW in order to support intra HeNB GW handover scheme without the MME involvement. 
4. HeNB GW functions to terminate HO signalling
This section investigates the functions required for the HeNB GW to support handover scheme without the MME involvement. In order to introduce the X2 interface via the HeNB GW, the HeNB GW needs to have an X2 interface proxy mechanism which would be similar to already specified HeNB GW function for the S1 interface. It is assumed that the HeNB GW would host the following X2 interface related functions: 
· Relaying X2AP Basic Mobility Procedures between the source (H)eNB and the target (H)eNB. 
The HeNB GW relays the X2 handover procedures, and hence, the source and target (H)eNB only needs to be aware of the HeNB GW’s point of presence. 
· Terminating X2 AP Global Procedures towards both the source (H)eNB and the target (H)eNB. 

The HeNB GW serves as a concentrator for X2 Global Procedure. Hence, X2 AP Global Procedure is exchanged between HeNB GW – eNB, and HeNB GW – HeNB.

The detailed functions that the HeNB should host are to be studied for further. 
5. Conclusion and proposal
This document investigated the use cases and E-UTRAN architecture deployed with HeNB GW in which the handover scheme without the MME involvement would be beneficial for operators. 

Proposal 1: The E-UTRAN with deployed HeNB GW should support the handover scheme without the MME involvement in order to scale to support a large number of HeNBs.  
Proposal 2: The X2 interface should be defined between the eNB and the HeNB via the HeNB GW in order to support inbound and outbound handover scheme without the MME involvement.

Proposal 3: The X2 interface should be defined between the HeNBs via the HeNB GW in order to support intra HeNB GW handover scheme without the MME involvement.
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