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1. Introduction
HNB and HeNB Mobility Enhancements Work Item proposal [1] was approved in RAN#47. The necessity of optimized HeNB mobility [2] was noted in RAN3#68. In this paper, we analyse its necessity furthermore.
2. Discussion
It is considered that there are three use cases for femtocells which are applicable for both residential and public area.
· Expanding area coverage

· Offloading macro traffic

· Offering presence service
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	Offloading macro traffic

= Improving capacity
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*Deploying femtocell for expanding area coverage or offloading macro traffic in public area, there are use cases not only utilizing customers’ backhaul but also deploying backhaul by operator’s self.
To provide LTE femtocell, there are two ways for production.

· Producing femtocell based on eNB
· Producing femtocell based on HeNB

The difference between eNB and HeNB is whether HeNB-GW is applicable or not. (For HeNB architecture, HeNB-GW is optional.) From an operator's perspective, to deploy numerous LTE femtocells, core network infrastructure cost should be taken serious consideration. If it is possible to restrain core network infrastructure introducing HeNB-GW, it is natural that operators choose HeNB architecture for LTE femtocell. Therefore HeNB specification should also meet the required level of expanding area coverage or offloading macro traffic in public area.
To introduce LTE femtocell for expanding area coverage or offloading macro traffic in public area, open access mode is selected in order to be used for everyone. Moreover LTE femtocells are likely to be deployed in high density areas which means numerous people come across the femtocell area.
We have already applied the deployment of Pico NB* in high density areas in our UMTS network. The following is the number of handover between Pico NB* and macro NBs.
Table1: The number of handover between Pico NB* and macro NBs in UMTS network

	Deployment place
	Peak of congestion time
	Outbound handover [/hour]
	Inbound handover [/hour]

	1
	Subway
	6PM
	5505
	4549

	2
	High-rise building
	5PM
	1810
	881

	3
	Office building
	0PM (noon)
	2753
	507


*IMCS® (In-building Mobile Communication Service)


In fact, a large number of inbound/outbound handover occurs in commercial network as shown in Table 1. Hence, LTE network shall be also able to support the high frequency of mobility as shown above. 
In UMTS network, there is no impact on CN to support high frequency of mobility because RNC takes charge of handover procedure. On the other hand, there is impact on CN to support high frequency of mobility related with HeNB in Rel-9 LTE network. This is because only S1 handover is supported for HeNB mobility. This implies that the MME will be involved in every handover with which HeNB is concerned. In order to relieve CN load, optimized mobility should be provided and standardized not only for the mobility between HeNBs, but also for the mobility between eNB and HeNB.
There are several possible solutions of optimized mobility related with HeNB. In this paper, as an example, the reduction of signalling load introducing an X2 interface to HeNBs is verified. In case of S1 handover procedure as shown in Figure 2, MME receives S1-AP signalling 5 times and sends S1-AP signalling 4 times. On the other hand, in case of X2 handover procedure as shown in Figure 3, MME receives and sends S1-AP signalling just once. Therefore, from signalling processing aspect, MME signalling load related with HeNB mobility is one-fifth.
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Figure2: S1 handover procedure
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Figure3: X2 handover procedure
3. Summary
In summary, the followings can be concluded: 

Observation
The UMTS traffic data in our commercial network exactly shows that a large number of inbound/outbound handover occurs in busy hours. Hence, LTE network shall be also able to support the high frequency of mobility. To support this, the problem in Rel-9 LTE network is that the MME will have to cope with a large amount of S1 handover signalling.
Therefore, the following is proposed: 

Proposal
To relieve the MME processing load, RAN3 should also specify the optimized mobility between eNB and HeNB in the Rel10 time frame.
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