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1. Introduction

In RAN3#73, different use cases for enhanced mobility where considered and enhanced mobility between macro and hybrid HeNBs was prioritized. Two solutions are currently available for this use case:
· Solution 1: Direct X2 IF between the macro and HeNBs

· Solution 2: X2-GW with X2 proxy functionality that proxies the X2 interfaces between the macro and HeNBs 
Solution 1 was considered in [1] and [2] where the main argument in its favour is that macro eNB can handle thousands of SCTP connections so it can handle thousands of X2 IF with its neighbouring HeNBs. Solution 2 is not yet clearly evaluated.
In this contribution we discuss the solutions 1 and 2 applicability for high and low density deployment of the hybrid HeNBs and high and low density of UEs in the coverage region of the macro eNB.
2. Discussion
We consider the deployment of N hybrid HeNBs in the neighbourhood of one single macro eNB. The mobility of the UEs in the macro coverage region is described by the standard fluid model [3]. The mobility of the UEs within the fluid model assumes uniform fluid flow of UEs in the coverage region that is characterized by the density of the UEs D, the UE speed S and the perimeter of the region under consideration L. The total handover rate R of the UEs within the perimeter L, inbound and outbound handovers, is described as
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It is assumed that macro eNB and each hybrid HeNB exchange 4 handover control messages per UE handover, i.e. HO_REQUEST, HO_REQUEST_ACK, SN_STATUS_TRANSFER, and RELEASE_RESSOURCES, with a mean total bandwidth of m = 960 bits [4] . 
The bandwidth of the handover control messages per HeNB is c= 4mR and the total bandwidth of the handover control messages is C=N4mR. The number of messages per unit time is given as Cn=4NR.
In Table 1 we report the total handover control messages bandwidth and rate for different UE densities in the macro eNB coverage and for different numbers N of hybrid HeNBs.
	
	D= 38.2 UE/km2
	D= 382 UE/km2
	D= 3820 UE/km2

	N
	C(kbps)
	Cn (message/second)
	C(kbps)
	Cn (message/second)
	C(kbps)
	Cn (message/second)

	10
	0.0845
	0.09
	0.845
	0.9
	8.45
	9

	30
	0.253
	0.27
	2.53
	2.7
	25.3
	27

	100
	0.845
	0.9
	8.45
	9
	84.5
	90

	200
	1.691
	1.8
	16.91
	18
	169.1
	180


Table 1: control and messages rates for different UE densities 

We have fixed UE speed to S= 3km/h, the perimeter of the region of interest L is a circular perimeter of 50 m radius which corresponds to typical pico base station coverage. UE density values models typical scenarios: A density D of 382 UE/km2 corresponds to 100 active UEs in a macro urban cell (ISD of 500 m), and corresponds normal hours. the high density value models busy hours, and the low one off-peak hours.
As seen from the table 1 in the case of low UE density and low deployment density of hybrid base stations the total bandwidth of the handover messages is negligible as well as the number of handover messages per second so macro eNB can handle these handovers. For example, a rate around 2 handover messages per second is shown for N =200 HeNBs deployed within the macro eNB when the UE density is 38 UE/km2.
For this case, the solution 1 is clearly the best one since the macro eNB can handle this extra handover control signalling and manage efficiently the incoming/outgoing handover messages and so there is no need for X2 proxy functionality.
For high UE density (3820 UE/km2) and HeNB deployment densities up to 30 neighbouring HeNBs per macro eNB, the macro eNB should be able to handle the handover control bandwidth and corresponding handover messages rate. 
However when high deployment densities of hybrid HeNBs are considered (N=100 and N=200), it is seen that the handover control messages rate can go up to 180 handover messages per second. Even if the corresponding bandwidth is low, i.e. 169kbps, this high rate of signalling messages can increase processing load on the macro eNB and may increase overall handover failure. For this scenario, the solution 2 can aggregate the different handover messages into a single handover message and so minimize the processing load at the macro eNB.
Indeed, in the case of high user density and high deployment densities of HeNBs, the X2 proxy solution is more suitable since it allow minimizing the rate of handover control messages the macro eNB have to cope with. 
3. Conclusion
In this contribution we have provided a rough analysis of the direct X2 and X2 proxy solutions for various deployments of hybrid HeNBs within a macro eNB and different UE densities. The results focus on the control plane signalling of the X2 AP and evaluate the total handover control signalling bandwidth and messages rate while increasing the HeNB density in the macro eNB coverage. It is shown that:

· Direct X2 solution is well suited for low/medium deployment density of HeNBs and low/medium density of UEs within the macro eNB coverage. 

·  X2 proxy solution is clearly more adapted to the situation of high HeNB and UE densities. 
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