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1. Introduction

HNB and HeNB Mobility Enhancements Work Item proposal [1] was approved in RAN#47. In [2], three alternatives for HeNB/HeNB optimized mobility were introduced, the alternatives are recalled below: 
1. Terminating S1-HO procedure at HeNB-GW: MME functionalities are added in the HeNB-GW 
2. Terminating X2-HO procedure at HeNB-GW: An X2-proxy is embedded in the HeNB –GW     
3.   Direct X2-IF HO procedure:  Direct X2 connections are set up between the macro eNB and HeNBs.
In this paper, we compare these alternatives from the perspective of coordination between macro base station and HeNBs in shopping mall deployment scenario.
2. Discussion
Shopping mall deployment of HeNBs consists in coordinated deployment of group of HeNBs under an HeNB GW that provides CSG/hybrid access in the shopping mall area. The following figure illustrates the current options for such deployment scenario
	
[image: image1.emf]Shopping mall

HeNB#1

HeNB GW 

UE 

HeNB#2

eNB

MME

S1 IF


(a)
	
[image: image2.emf]Shopping mall

HeNB#1

HeNB GW 

UE 

HeNB#2

eNB

S1 IF

X2 IF

MME


(b)
	
[image: image3.emf]Shopping mall

HeNB#1

UE 

HeNB#2

eNB

HeNB GW 

MME

S1 IF

X2 IF


(c)


Figure 1: shopping mall deployment scenarios 

The figure (1-a) illustrates the alternative (1) for enhanced mobility between the macro eNB and HeNBs of the shopping mall. The figure (1-b) and (1-c) shows the alternatives (2) and (3).
Besides mobility management, inter cell interference coordination (ICIC) between the HeNBs of the shopping mall and the overlapping macro eNB(s) is an important topic which shall be taken into account.  So the architecture retained for enhanced mobility management between macro eNB should also take into account ICIC signalling aspects. 

In alternative (1) the eNB is connected to the HeNB- GW through S1 IF so HeNB-GW performs mobility management between eNB and HeNBs. This is equivalent to the deployment of a full MME in the shopping mall area, and benefit regarding mobility enhancement is questionable. Moreover S1AP doesn’t support interference coordination messages [5]. We propose that alternative (1) is not further considered for eNB-HeNB mobility optimization.   
In alternative (2), HeNBs in shopping mall are connected to the HeNB GW through X2 IF and the HeNB-GW is also connected to the macro eNB through X2 interface.  In the alternative (3), HeNB GW is acting only as S1 proxy for HeNBs and the HeNBs are connected to the macro eNB through direct X2 IF. 

The alternatives (2) and (3) are similar from mobility performance point of view, with some variations depending on network topology.        
However, when ICIC between the macro eNB and HeNBs of the shopping mall is considered, the alternative (2) seems more appropriate than alternative (3). The reasons are presented in the following analysis: 
Coordination between macro eNB and the HeNBs requires periodically exchanges of control messages In alternative (2), HeNBs and macro eNB exchange coordination messages through HeNB-GW. HeNB-GW acts as a proxy and is able to merge the coordination messages from HeNBs. In alternative (3), HeNBs and macro eNB exchange coordination messages directly.
Consider the number of HeNBs in the shopping mall being
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 and each HeNB signals coordination message to the macro eNB with periodicity of
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ms for ICIC messages [3].

For alternative (3), HeNBs and macro eNB exchange coordination messages through direct X2 IF. The number of coordination messages exchanged can be evaluated as  
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 per second.
 For the alternative (2), the number of the coordination messages exchanged can be expressed as 
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  per second. The gain in terms of coordination messages overhead per second can be expressed as
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For equal periodicity messages, i.e. 
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. This means that the number of coordination messages exchanged in the case of alternative (2) is 
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 times lower than the number of coordination messages for alternative (3). 
This means also that alternative (2) can protect the macro base station from flooding due to large number of coordination messages exchanged with HeNBs of the shopping mall.

Moreover, since the proxy function in the HeNB-GW has a central position between HeNBs and between HeNBs and neighbouring macro-eNBs, it can include efficient ICIC functions. In particular, some factorisation or grouping would be possible; leading to possibly shorter ICIC control messages that will decrease further the coordination messages overhead [6].
Indeed, a X2 proxy function in the HeNB-GW could also help reducing coordination messages overhead over X2 by reducing message number (multiplexing) and by reducing message size (grouping).
Considering the analysis below it is proposed to:  

Prefer X2- proxy based solution (alternative 2) to direct X2-IF solution (alternative 3) for enhanced eNB/HeNB mobility in shopping mall scenarios  

3. Conclusion
In this paper, we have reviewed the different solutions for macro eNB/HeNB enhanced mobility enhancement in the context of shopping mall deployment scenario of HeNBs.  
Because the coordination between macro eNB and the shopping mall HeNBs is an important issue in this scenario, we have compared the different solutions in terms of performance and the number of interference coordination messages exchanged between the macro eNB and the HeNBs of the shopping mall.  
It is shown that for large shopping mall deployment, the rate of coordination messages scales with the number of HeNBs for non- proxy solution, but remains constant for proxy based solutions, with in addition possibility of grouping. 
As conclusion, alternative (2) is our preference for shopping mall scenarios, although direct X2 IF between HeNBs has advantages in campus/business scenarios, where inter-HeNB hand-overs and coordination are likely to be prevalent over HeNB-macro-eNB handovers.
This leads us to the following proposal:

Proposal 1: 
Proxy based solution (alternative (2)) is the preferred choice for enhanced eNB/HeNB mobility in shopping mall scenarios  
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