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1. Introduction

The LTE work is now moving towards a WI phase and it is time to select and decide what features and parameters are needed for the development of the E-UTRA specifications. The specification work and deployment of the UTRA system have shown that in practice multiple different solutions and parameter values do not ensure optimum system performance e.g. due to different implementation interpretations and lack of real testing possibilities although ideally it might seem attractive to define differently optimised features or parameters. In addition to the reviewing of the LTE SI numerology it would be important that RAN4 would also start reviewing other basic features that are under development for the E-UTRA system. In this way RAN4 can provide feedback e.g. on different enhancement methods and their benefits and necessity  in realistic deployment scenarios already in the early phase of the specification work, which is then likely to speed up the E-UTRA specification work. 
RAN1 has discussed a possibility to define Fast Cell Selection (FCS) within intra-eNodeB to improve hard handovers within the same BS site. Ideally intra-eNodeB FCS could provide performance benefits for changing a cell within the same eNodeB. However, for a frequency reuse =1 system it is also essential that good mobility is supported between all neighbour cells within the serving frequency layer not only between the cells of the same eNodeB. This means that it is important that neighbour cell searches and cell level measurements within the serving frequency layer work accurately and relatively fast for normal hard handovers as well.  RAN4 has not yet started performance analyses or requirement definition for UE requirements to support handover evaluation. However, it is expected that the UE measurement requirements should be at least approximately as good as in UTRA. In addition to the UE neighbour cell measurements the handover performance is also highly dependent on the performance of the network algorithms (e.g on delays in handover execution). We do not have network handover performance figures available yet but as delay targets for E-UTRA system including handovers are quite demanding it could be expected that a delay for executing handover command should not be excessive. 
In this contribution we compare the performance of Hard Handover (HHO) and hard handover combined with intra-eNodeB FCS using a fully dynamic system simulator, where a mobility of a user is explicitly modelled. In the performance comparison we have used the RAN4 simulations assumptions used for developing the R99 UE CPICH measurement test case in fading conditions. 
2. Simulations 
We have studied performances of HHO and HHO combined with intra-eNodeB FCS using a fully dynamic time-driven simulator, which simulates UL and DL directions simultaneously with a symbol resolution. Terminals are moving with a certain predefined speed within the network. In the simulation cases presented in this contribution we have concentrated on DL performance studies. 

For HHO performance evaluation we have used rather similar UE measurements assumptions as earlier used in RAN4 for defining the UE CPICH measurement requirements of UTRA.  The measurement period of reference (pilot) signal is selected to be 200 ms with a sliding window step of 50 ms. Several different HHO delays are investigated. For FCS we have used rather ideal assumptions. FCS selection delay has been 0 ms and reference signal measurements used for FCS are rather short and frequent. The detailed simulation assumptions can be found from the annex of this document. In the simulation we have not used Rx diversity UEs as non-diversity case is seen more critical from the performance perspective and additional FCS is expected to provide more gains when otherwise channel diversity is low.
Simulations are performed in the case 1 (UE speed: 3km/hour) and case 2 (UE speed: 30km/hour) macro cellular environment defined in TR25.814 v700. The main parameters of the first set of simulations are summarized in Table 1. The CDFs of resource block SNIR results, which directly affect achievable throughputs, are presented both for the 3 km/h and 30 km cases in Figure 1 and Figure 2 respectively.
Table 1 Main simulation parameters in the first set of simulations
	Simulation parameter
	Parameter value

	Handover method
	HHO with and without intra-site FCS

	UE speed
	3 km/h and 30 km/h

	HHO decision delay
	0 and 100 ms

	FCS decision delay
	0 ms

	FCS margin
	1 dB
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Figure 1 CDF of RB SNIR for 3 km/h case  (FCS delay = 0ms and HHO delay = 0 ms and 100 ms) 
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Figure 2 CDF of RB SNIR for 30 km/h case (FCS delay = 0ms and HHO delay = 0 ms and 100 ms) 
The CDFs fo RB SNIRs in Figure 1 and Figure 2 indicate that the performances of all the simulated cases are quite equal. Only in the zoomed CDF figures minor performance differences can be observed around the 5% CDF point.  These performance differences at the 5% cdf point are studied a bit more in detail in a second set of simulations, which are summarised in Table 2. In the second set of simulations HHO delay is varied from no delay to very long delay of 1 seconds. Also FCS margin, which is used as hysteris in FCS, is varied in the simulations in order to investigate the impact of this parameter value on the results. 
The second set of simulations are presented in Figure 3 and Figure 4. Additional statistics on number of hard handovers and fast cell selections are provided in Table 3. 
Table 2 Main simulation parameters in the second set of simulations

	Simulation parameter
	Parameter value

	Handover method
	HHO with and without intra-site FCS

	UE speed
	3 km/h and 30 km/h

	HHO decision delay
	0, 50, 100, 500 and 1000 ms

	FCS decision delay
	0 ms

	FCS margin
	0.5 dB, 1 dB and 2 dB
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Figure 3 FCS RB SNIR gain at 5% cdf point for different FCS margins and HHO delays (UE speed = 3km/h and FCS delay= 0ms)
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Figure 4 FCS RB SNIR gain at 5% cdf point for different FCS margins and HHO delays (UE speed = 30km/h and FCS delay= 0ms)

Table 3 Additional simulation statistics for the second set of simulations when FCS delay and HHO delay are 0 ms
	Handover method
	UE speed
	FCS margin
	# of HHO + FCS
	RB-specific CIR  at 5% [dB]

	HHO
	3km
	-
	656
	2.3

	HHO + intra-site FCS
	3km
	0.5 dB
	22675
	2.4

	HHO + intra-site FCS
	3km
	1 dB
	18414
	2.4

	HHO + intra-site FCS
	3 km
	2 dB
	11876
	2.5


The results show that when UE speed is 3 km/h intra-site FCS provides marginal RB SNIR gain of 0.1–0.2 dB at 5% cdf point for all FCS margin values of 0.5 dB, 1 dB and 2 dB.  FCS performs slightly better with larger 2 dB FCS margin (i.e. hysteris) than with 0.5 or 1 dB FCS margins as it reduces the number of fast cell selections. However, FCS performance was not found to be highly sensitive to a FCS margin value. When UE speed increases from 3 km/h to 30 km/h FCS gain in RB SNIR is negative (-0.5 – 0 dB) even with rather long hard handover decision delays (up to ~500 ms) as FCS is no longer able to fully track fast channel changes.  
3. Conclusions
In this contribution we have presented dynamic system simulation results for E-UTRA hard handovers with rather realistic UE measurement assumptions and different HHO delays and E-UTRA hard handovers combined with rather ideal intra-eNode B FCS. The UE measurement assumptions and delays for intra-eNode B FCS were chosen to be rather idealistic in order to study the potential of intra-eNode B FCS. If further work on the areas of FCS is made, FCS gains with realistic measurement and delay assumptions would also need to be simulated. 
The simulation results shown in this document indicate that potential gains of intra-eNode B FCS are quite limited provided that relatively good UE reference signal level measurements and cell search procedures are defined for handover evaluation purposes. It is our understanding that well performing hard handover preparation is anyway needed for accurate and fast HHOs between eNodeB. This same method would then be automatically available for handovers between the cells of one eNode B. 
As it is seen desirable to limit the number of options for the E-UTRA system when feasible, we feel that it is important to start the review of E-UTRA features and parameters as early as possible. For ensuring smooth progress of the E-UTRA specification work this feature review process should continue in parallel to the definition of new features. In this way it is possible to concentrate on optimising the essential E-UTRA features first. Based on the findings of this contribution we feel that it is important to ensure good hard handover support within the serving frequency layer and concentrate on the development of essential basic mobility features rather looking at enhancement methods at this stage.  In order to allow RAN1 to focus on the essential basic E-UTRA features It would be beneficial if RAN4 provided information on the findings of this contribution to RAN1 as well. Once the basic HHO support is specified and evaluated with realistic assumptions it could be studied further whether any handover performance enhancements like intra-eNode B FCS should be considered in the specifications. 
Annex A : Simulation Assumptions

	Feature/Parameter
	
	Value/Description

	Simulation time step
	
	71.43 µs

	Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	375 kHz

	Sub-frame length
	
	0.5 msec

	Reuse factor
	
	1

	Number of symbols per TTI
	
	7

	Number of data symbols per TTI
	
	5

	Number of control symbols per TTI
	
	2

	Cell layout
	
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter site distance (ISD)
	
	500 m

	Minimum distance between UE and cell site
	
	35 m

	Number of UEs per sector
	
	4

	Antenna pattern
	
	70-degree sectored beam

	Distance-dependent path loss
	
	128.1 + 37.6log10(r)

	Penetration loss
	
	20 dB

	Shadowing standard deviation
	
	8 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Multipath delay profile
	
	27 taps Typical Urban

	UE speed
 (Maximum Doppler frequency)
	
	3 km/h, 30km/h

	receiver antenna
	
	SISO

	Traffic model (% of occupied Resource Block)
	
	10%

	Hard Handover
	Decision delay(ms)
	0, 50, 100, 500, 1000

	
	MeasurementInterval (ms)
	50

	
	MinHOInterval (second)
	0

	
	MinThreshold (dBm)
	-100

	
	SlidingWindowSize (second)
	0.2

	
	SlidingWindowStep (ms)
	50

	
	SynchronizationDelay (ms)
	0

	
	Margin (dBm)
	3

	Intra-eNB Fast Cell Selection
	MeasurementInterval(ms)
	0.5

	
	SlidingWindowSize(ms)
	0.5

	
	SlidingWindowStep (ms)
	0.5

	
	margin(dBm)
	0.5,1,2

	
	measurementErrorStd
	0

	
	decisionDelay
	0


Annex B: Short Simulator Description
 We are using a fully dynamic time-driven simulator that simulates LTE DL and UL simultaneously with OFDM symbol resolution It explicitly modelled UE mobility and supports following features: OFDMA localized mode; reference (pilot) signal with different BW options, accurate reference signal measurement; N Rx receiver, HARQ, a “network-initiated, network-controlled, mobile-assisted and planned push-type” hard handover and intra-eNB fast cell selection. 
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