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1
Introduction
This document discusses needs and risks of forward handover as suggested in [1] and presents indicative system simulations on handover performance in a Manhattan scenario that is widely used in 3GPP and a macro scenario case 2 used in other E-UTRA simulations.  
In the document [1] rather simplistic simulations in a simplistic non-optimised “urban canyon” scenario have been presented to support the introduction of forward handover, which in this case seems to mean some sort of UE controlled cell reselection. The document [1] does not provide any comparing simulation results in other environments e.g. in environments that are widely used in 3GPP to better understand what are the critical factors in the handover performance in general. 
3
Simulations
In this section we present indicative system simulations on handover performance in the Manhattan Scenario [2] and Macro case 2 of TR25.814.  The simulated Manhattan scenario, which is commonly used in 3GPP, is described below.
3.1
Manhattan simulation scenario
The Manhattan simulation scenario is a widely used urban micro cell model which was originally defined for the UMTS evaluation phase [2]. It models 200x200 m building blocks with street wdith of 30 meters. 72 base stations with omni directional antennas are placed as shown in Figure 4 in Appendix. The base station antennas are assumed to be below the rooftop level. This layout together with the sophisticated mobility and propagation models described below makes this scenario especially suitable for studying street canyon and round-the-corner effects.
A snapshot picture of a running simulation is show in Figure 1 below. The numbered circles are the EUTRAN base stations. The UEs have the same colour as the eNodeB they are connected to.
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Figure 1: Illustration of a Manhattan scenario simulation. 
The mobility model takes into account the Manhattan topology. Mobiles are placed uniformly on the simulation area (not inside the buildings). UE speed is normally distributed with mean value of 30 km/h. A UE entering the crossing area has a 25% probability to turn left, 25% probability to turn right and 50% probability to continue straight ahead. The mobility parameters are summarized in Table 1 below.
Table 1: Mobility model parameters for Manhattan scenario.
	Minimum speed
	0 km/h

	Mean speed
	30 km/h

	Probability to turn at street crossing 
	50 %

	Speed update 
	20% probability for speed update after every 5 meters


The propagation model is described in detail in [2]. The model includes LOS and NLOS components and takes diffraction around the corner into account. Furthermore, propagation over rooftop is also included.
3.2
Simulation results
In this section we present initial system simulation results, where handover performance is studied using a fully dynamic time-driven simulator. The simulator simulates every OFDM symbol in a subframe. In the simulations similar event-triggered measurement reporting and HO triggering as in UTRA have been used. No handover related measurement quantities have been agreed in RAN1 yet thus, we have used reference signals for neighbour cell measurements in similar manner as CPICH is used in UTRA. 
We have implemented the event-driven HO procedure to the simulator by the UE conducting HO measurement periodically with a “measurement interval”. The collected measurements results are averaged over a sliding window (“sliding window size”). New averaged measurement results are always obtained after every “sliding window step”. If the averaged measurement results satisfy a given HO evaluation criteria, UE will send a measurement report to the network, which then initiates the actual Hard HO execution. The detailed simulations parameters are given in the annex of the document.
In Figure 2 and Figure 3 CDF curves are presented for instantaneous Resource Block SNIR in the Manhattan and Macro Case 2 in two different loading situations. It is worth noting that these RB SNIR statistics are taken in the receiver before HARQ or ARQ.
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Figure 2: CDF of Resource Block (DLSCH) SNIR under Manhattan 
and Macro cell scenario Case 2 (Traffic Load: 60%)
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Figure 3: CDF of Resource Block (DLSCH) SNIR under Manhattan
and Macro cell scenario Case 2 (Traffic Load: 100%)

Based on the RB SNIR statistics in Figure 2 and Figure 3 the simulated macro cell scenario case 2 seems clearly more demanding from the handover performance perspective than the simulated Manhattan scenario. Thus, unlike suggested in [1], our results do not indicate any special need for forward handover in the Manhattan scenario. However, as expected it is clear from these simulation results that it is important to optimise handover parameters and network planning in order to ensure good handover performance. Additionally it is important to consider different techniques in ensuring good demodulation performance for receiving handover related messages and normal data messages.
If there is a desire to investigate potential performance benefits of the forward handover, which in this case seems to be UE-controlled cell reselection, it is important to consider more than just Es/Nt or something similar as a performance measure in the simulations. The simulations results and conclusions in [1] were based on the outage criteria, which were simply derived from Es/Nt stastics in a simplistic urban canyon scenario. However, it is expected that in reality measurement reports and handover commands are transmitted using shared channels, where there are different methods like HARQ retransmissions, message retransmissions etc for improving decoding performance and frequency domain packet scheduling. These L1 and L2 methods for ensuring a certain reception quality should also be considered in the performance analyses for obtaining a good understanding of real outage area and levels in the given simulations. Retransmissions naturally have some delay implications as well but these implications can also be taken into account in the simulations in order to have a complete picture of the true handover performance. For ensuring good and robust handover procedures and performance the handover performance needs to be studied in various different operational environments, especially as it can already been seen from these very initial simulation results that the Manhattan scenario is not really any special case from the handover performance perspective. Thus, instead of concentrating on one single scenario the general handover performance needs to be carefully studied. 
Typically it is also seen necessary that real data transmission both in DL and UL is also possible at cell edge areas. When the transmission and reception of user data rates are supported at cell edge areas, it is also expected that relative small data rate/ packets required for the handover completions can be supported in these same areas. This may cause some delay in the handover executions but based on the first indicative handover performance simulations in RAN4, small handover delay would not cause significant performance degradation [3]. Though expected performance degradation is naturally dependent on operational environments and UE speed, which also emphasizes importance of doing performance studies several different environments. However, it is also important that scenario and e.g. expected UE speed as aligned with practical deployments in order to achieve realistic analyses. 
As already stated we also see that it is important to study handover performance thoroughly. RAN4 has already started handover performance analyses with more advanced assumptions than the ones used in the document [1]. Furthermore, RAN4 and RAN1 have more experience in analysing and selecting system simulation assumptions and scenarios. Thus, it is felt that it would be better to continue performance analyses with these more advanced assumptions or even further improved ones in commonly agreed scenarios for ensuring good handover performance in various environments. We also see that it is important first to study the performance of normal network controlled hard handover before proposing small performance enhancements, which anyway could even potentially be beneficial in limited situations. 
5
Conclusions
Preliminary simulations results of handover performance in a Manhattan scenario and in the Macro scenario Case 2 of TR 25.814 have been presented. Unlike what simplistic simulations in a simplistic non-optimised “urban canyon” scenario have suggested earlier [1], these results do not indicate any special need for forward handover in the Manhattan scenario. Furthermore, it is believed that by using HARQ, optimizing handover parameter (sliding window size, measurement interval, handover event), and network planning, we can control handover performance. Nonetheless, if one desired to investigate the performance of forward handover in the Macro scenario Case 2, simplistic simulations in a simplistic non-optimised scenario should not be used.
We also believe that it is important to study handover performance carefully but it is felt that it is important first to study the performance of normal network controlled hard handover before proposing and investigating small performance enhancements, which anyway even potentially could provide benefits in limited scenarios. Furthermore, as RAN4 has already started handover performance analyses with more advanced assumptions than the ones used in the document [1], we believe that it would be better to continue performance analyses with these more advanced assumptions or even further improved ones in commonly agreed scenarios for ensuring good handover performance in various environments. RAN4 and RAN1 have also more experience in analysing and selecting system simulation assumptions and scenarios, which would also favour of doing radio and L1 related performance analyses in either of these two working groups.
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Annex: Simulation parameters
	Feature/Parameter
	
	Value/Description

	Simulation time step
	
	71.43 µs

	Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Network synchronization
	
	Synchronized

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	375 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	10

	Number of control symbols per TTI
	
	4

	3GPP Macro Cell Scenario
	Cell layout
	27 cells

	
	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

	UMTS Manhattan Scenario
	Cell Layout
	72 cells

	
	Simulation area
	6.5 km2

	
	Building block size
	200 m x 200 m

	
	Street width
	 30 m

	
	Antenna Pattern
	Omni

	
	Inter site distance (ISD)
	See Figure 4

	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
	
	20 taps Typical Urban

	Traffic model
	
	FTP, Constant Bit Rate

	Cell Load
	
	Roughly 60%

	UE Speed
	
	30km/hour

	Handover Measurement
	Measurement Interval
	10ms

	
	Sliding Window Size
	200ms

	
	HO Threshold
	3dB

	Receiver Diversity
	
	1RX
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Figure 4: The Manhattan deployment scheme.
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