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1. Introduction

In RAN Plenary meeting #27 a study item for “Performance evaluation of the UE behaviour in high mobility environments with speeds up to 350km/h” was approved. 

The work so far has mainly concentrated on defining the deployment scenarios. Defining realistic propagation conditions for the high speed train related SI is still ongoing and therefore it is not possible to make thorough UE performance analyses yet. However, based on the general description of possible deployment scenarios in the documents [3]

 REF _Ref118270955 \r \h 
[4] we have tried to define radio propagation conditions as a starting point for the performance analyses. 

In this document we present simulations results from our investigations of UE HSDPA reception performance in radio conditions, which contain a certain level of Ricean component.  Ricean component was included to the simulated radio conditions as it would seem rather likely based on the presented deployment scenarios.  However, based on the information that is currently available it is not possible to decide the details of the radio propagation conditions. Hence, we present initial simulation results of UE performance in several radio conditions, which are derived by varying Ricean component in an environment derived from Vehicular A 350 km/h. Naturally it is not possible to make final conclusions from any simulations before it is understood and agreed what kind of radio conditions we should expect in typical high speed train environments. These initial simulations could provide some direction for the further work within the SI.

2. Simulation results

In this section we present simulation results for the discussed high speed train scenario by varying assumptions for the radio propagation conditions. Since currently we do not have enough information to decide the details of the radio propagation conditions in the high speed train environments, we have made certain assumptions and then evaluated the effect of different parameters on the UE throughput performance. 

When starting to determine the simulation scenario we decided to use the ITU Vehicular A model as a starting point as also discussed in [2]. This may not reflect the actual propagation channel experienced in real high speed train environment. 

Additionally as it can be considered that NodeB has some elevation and that at least part of the time number of the dominant reflectors is low or that even a LOS exist, a dominant specular component was introduced to the model. This was achieved by changing the fading characteristics of the first tap of Vehicular A delay profile from having Rayleigh amplitude distribution to Ricean distribution. As the dominance of the steady signal can have different values, different values for parameter K were used. The Ricean distribution is often described in terms of a parameter K given as
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which can be interpreted as the ratio of the power in the steady dominant signal, 
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Introducing a dominant specular component affects also the Doppler spectrum. Horizontally propagating dominant component arriving at angle (0 with respect to the direction of the arrival of the vehicle (i.e. train in this case) motion experiences a Doppler shift of fmcos(0, where fm is the maximum Doppler shift. Thus the Doppler spectrum will contain an additional ‘spike’ at fc+fmcos(0. 

In the simulations we have evaluated the effect of different assumptions for the parameter K, which gives the relation between dominant component and other multipath components and the effect of different arrival angles, (0. Other relevant simulation parameters are given in the Annex A of the document.

Figure 1 summarises the simulation results. It shows that the achieved throughput with H-Set3(QPSK) at Îor/Ioc=0dB for different arrival angles ((0) and K factors of -5, 5 and 100dBs. Additionally case without any dominant component (ie normal Vehicular A 350 km/h case) is shown (NLOS). We can see that the throughput results do not vary much as a function of (0. Rather similar throughput results are achieved with the all simulated K factors. In the simulations we have assumed that the UE has a normal AFC functionality, which is able to adjust data reception so that a fixed phase rotation caused by a fixed frequency offset from the dominant specular component in case of different (0 can be at least partly corrected. 
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Figure 1. H-Set3 throughput with different settings 

The initial simulation results presented in this section indicate that HS-DSCH throughput level remains rather high in normal Vehicular A 350 km/h radio conditions and when a dominant Ricean component is added to the Vehicular A 350 km/h conditions. 

3. Conclusions

In this contribution we have presented some preliminary simulation results evaluating the effect of different assumptions on achievable HS-DSCH throughput performance in high speed trains. The assumptions used in the simulations should still be evaluated once the final radio conditions for the SI are identified and agreed. However, these initial simulation results indicate rather reasonable performance could be achieved assuming UE that fulfils the existing minimum performance requirements. We propose that these finding could be used when deciding next steps for the further work within this SI. 
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Annex A: Simulation assumptions

Table A.1. Link level simulation assumptions.

	Parameter


	Assumption

	Chip rate
	3.84 Mcps

	HS-DSCH fixed reference channel
	H-Set3(QPSK) as outlined in Annex A of 25.101

	HSDPA control channels present
	HS-SCCH set size is 4.

	Channel estimation
	The location of each ray on the channel is known a-priori to the receiver, but the channel tap values (i.e. the complex coefficient associated with each multi path component) are estimated by the receiver.

	RX AGC
	Off

	Number of bits in A/D converter
	Floating point

	Number of samples per chip (P) for channel synthesis
	P=2 – i.e. 2 samples per chip at input to the receiver

	Channel ray mapping
	Nearest Tc/P spaced delay (1/ Tc is the chip rate) – P specified above

	Propagation channel type
	Vehicular A, with a Ricean fading characteristics

	K
	-inf (NLOS), -5, 5 and 100dB

	Angle of arrival in respect of direction of motion
	0, 45 and 90 degrees

	SRRC pulse shaping
	On

	Max number of transmissions per H-ARQ process
	4

	RV sequence 
	{0,2,5,6} for QPSK

	ACK/NACK feedback error rate
	0%

	Turbo decoding
	MaxLogMap – 8 iterations

	Primary Scrambling code
	S_dl, 0 as given in 25.213v5.3.0

	SCH
	On, (Scrambling code Group 0)

	Secondary SCH pattern
	According to Scrambling code Group 0 given in Table 4 of 25.213v5.3.0

	Receiver structure
	RAKE
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