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1 Introduction
The heterogeneous networks study item was started during RAN#56 [1]. The SI is planned for completion at RAN#60 (June 2013) and is associated with the following objectives:

· Define deployment scenarios and simulation assumptions for heterogeneous networks 

· Investigate uplink and downlink interference issues and solutions for co-channel deployment of macro and small cells
· identify small cell coverage issues and potential solutions
· identify the uplink interference issues between macro cell and small cell and potential mitigation techniques

· identify the downlink interference issues between macro cell and small cell and potential mitigation techniques

· Investigate uplink and downlink imbalance issues and solutions for co-channel deployment of macro and small cells

· Investigate range expansion techniques with multi-flow
· evaluate system performance benefits of range expansion in different multi-flow configurations (including multi-carrier multi-flow configurations) over solutions possible with Rel-11 and earlier techniques

· investigate uplink and downlink imbalance effects to uplink and downlink performance due to range expansion and identify potential mitigation techniques 
· Investigate mobility issues, performance impacts and possible optimizations for both co-channel and dedicated frequency deployments of macro and small cells
· Investigate improvements to UE discovery and identification of  small cells 
· investigate UE speed based mobility solutions

· investigate the mobility issues of mass small cell deployment(e.g. UE measurement requirements, limited neighbour cell list size, PSC confusion) and possible solutions

· identify the requirements and potential solutions of mobility enhancement for multi-flow deployments, including multi-carrier multi-flow
· Investigate issues and solutions in shared cells scenarios, where shared cell refers to one cell over several transmission points, e.g. spatially separated antennas

· The study shall include considerations to minimize the impact on physical layer and legacy terminals

The main concept of heterogeneous networks is to improve the coverage and capacity in UMTS. Heterogeneous networks consist of deployments where low power nodes (LPN) are placed throughout a macro-cell layout. In heterogeneous networks, UEs can potentially roam between diﬀerent types of cells, consequently the mobility aspects needs to be investigated for heterogeneous networks. In RAN1#71, it was agreed to discuss the mobility issues for heterogeneous networks in 3GPP WG2. 

In this contribution, the simulations assumptions for the analysis of mobility aspects in heterogeneous networks are discussed. 

2 Mobility Scenario for Heterogeneous Networks

In RAN1#71, two deployment scenarios were discussed, the co-channel deployment scenario and the combined cell deployment scenario [2]. The co-channel deployment scenario has low power nodes deployed within the macro-cell coverage area, where the transmission/reception points created by the low power nodes have different cell IDs as compared to the macro cell. The combined-cell deployment scenario also uses LPNs within the macro-cell coverage region; however, the transmission/reception points created by the LPNs share the same cell ID as the macro cell. Thus, for combined cell a LPN can be thought of as a remote radio unit (RRU). In this contribution, the mobility aspects and simulations assumptions are related only to the co-channel deployment scenario because in the combined cell deployment scenario no handover procedure is needed between a RRU and a macro cell (macro cell and all LPN share the same cell ID). Consequently, no mobility issues are introduced by the combined cell deployment in heterogeneous networks.
A possible mobility scenario to consider in heterogeneous networks is shown in Figure 1, which covers all possible places a LPN could be dropped. A layout of one LPN per macro cell in heterogeneous network is shown in Figure 2. The mobility scenario is considered only for the same Radio Access Technology (RAT), same frequency is considered in all LPNs and macro cell.
In the scenario the three LPNs are randomly placed within the macro area satisfying certain minimum distance requirements as specified in section 3.
LPN1 is located on macro cell boarder, LPN2 is located close (at the minimum distance requirements) to macro’s node-B, LPN3 is located on macro cell border and overlapping with LPN4 located outside target/source macro cell.
The downlink/uplink imbalance problem may occur where the UE is served by macro cell and has a strong downlink to macro and stronger uplink to the LPN. 
In order to investigate the mobility under heterogeneous network it is proposed to provide system simulation results in terms of handover (HO) key performance indicators (KPIs). The proposed KPIs include the number of HOs, HO failure events and their respective failure rates, and HO delay. The number of HOs equals to the sum of the successful and unsuccessful HOs. A successful HO is defined as a successful serving cell change based on event 1d triggering. A HO fails if one of the HO signaling messages fails to transmit or receive. This definition aims to reflect the worst HO performance by considering all possible reasons which could end up as a HO failure. In reality, the loss of some messages may not end up as a HO failure. However, the investigation to the worst HO performance is beneficial to give a thorough understanding of the HO failure reasons and therefore helpful to design the HO improvement. The analyses should be emphasized on events 1a, 1c, 1d and the related reconfiguration messages. The UE transmits a MEASUREMENT REPORT 1a or 1c message containing intra-frequency measurement results requesting the addition of a new cell into the active set, which typically triggers the target cell pre-configuration in R8 procedure defined in section 9.6 in [3]. The 1d event is directly related to the triggering of the serving cell change. The HO delay is used to reflect how long time a HO takes to finish the serving cell change. It can be defined as the delay from the time when UE starts to transmit a measurement report 1d until the time when the RNC has successfully received the reconfiguration complete message. 
Further, the investigation should reveal all possible HO failure reasons in heterogeneous networks, and highlight the reasons which are more specific to heterogeneous networks than the macro only network. Then, it is suggested to investigate the three basic scenarios: macro only with R8 procedure, heterogeneous network with pre-R8 procedure, and heterogeneous network with R8 procedure. In heterogeneous, there might be HOs triggered between macro cells, LPN cells, or between a macro cell and LPN cell. Therefore, it is suggested that the investigation to the HO performance should differentiate to each specific HO type. 
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Figure 1 a possible mobility scenario in Heterogeneous networks
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Figure 2 a layout of one LPN per macro cell in Heterogeneous networks
3 Simulation Assumptions Parameters Framework
The system simulation assumptions for heterogeneous networks parameters are shown in Table 1. For deployment related parameters, the same values are assumed as those agreed in RAN1 assumptions [4]. 
	Parameters
	Assumption

	Cell Layout
	21 cell hexagonal or 57 sectors / 19 BS


	Inter-site distance
	500 m

	Number of LPNs 
	1, and 4

	Deployment of LPNs
 
	Minimum distance between LPN and macro cell: 75m
Minimum distance between LPNs: 40m 

	Dropping criteria for LPNs
 
	LPNs are dropped at fixed location(s) e.g., at 0.5 ISD, 0.3 ISD on the boresight direction or randomly distributed within a macro cell satisfying the distance requirement.

	Traffic
	VoIP, full buffer or Keep-alive traffic (e.g., each packet every 5s)

	Deployment of UEs
	The minimum distance between UE and macro cell is 35m
The minimum distance between UE and LPN is 10m

	Dropping criteria for UEs
 
	Random: UE randomly and uniformly distributed within a macro cell 

	RoT
	6dB- 10ms TTI cat 3 (both Macro and LPN)

	Carrier Frequency /bandwidth 
	2.0 G Hz, 5 MHz

	Shadowing standard deviation
	Macro: 8dB LPN: 10dB

	Shadowing correlation distance
	Macro: 50m, LPN: 50m

	HO network preparation delay
	100ms

	Speed
	3, 30, 60, 90 and 120 km/h

	Soft Handover Parameters
	SHO available

R1a (reporting range constant) = 4.5dB
R1b (reporting range constant) = 4.5dB


	CIO
	3 dB, 0 (optional),1dB(optional),and 2 dB (optional)

	Max active set size
	3

	Channel Model
	PA3 

	Penetration loss
	20dB 

	Maximum UE EIRP
	24dBm

	Maximum Tx Power of NodeB
	Macro Node: 43dBm
LPN: 37 dBm, 30 dBm, 24 dBm

	Max BS Antenna Gain
	Macro cell: 14dBi
LP cell: 5 dBi

	Max UE Antenna Gain
	0dBi

	NodeB Noise Figure
	Macro Node: 5 dB
LPN: 5 dB

	UE Noise Figure
	9 dB

	Thermal noise density
	-174dBm/Hz (reception bandwidth 3.84MHz)

	HS-DSCH
	Up to 15 SF 16 codes per carrier for HS-PDSCH

Total available power for HS-PDSCH is 80% (SIMO) or 75% (MIMO), with HS-SCCH transmit power being driven by 1% HS-SCCH BLER.

	Number of HARQ processes
	6

	HS-SCCH code number
	4

	Total overhead power
	20% (SIMO) 25% (MIMO) (optional)

	UE Receiver/BS Receiver
	Type 3 (LMMSE 2-rx); 1-rx




Table 1: system simulation assumptions parameters framework for heterogeneous networks
4.  Conclusion

A simulation assumptions parameter framework for mobility in a heterogeneous network of macro and low power nodes is introduced in this contribution to be discussed further in RAN2 with the aim to reach a common agreement on simulation framework for studying mobility aspects in heterogeneous network. The mobility aspects and simulations assumptions are related only to the co-channel deployment scenario because no mobility issues are introduced by the combined cell deployment.
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