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1. Introduction

In RAN Plenary meeting #22 a new WI titled ‘Improved Receiver Performance Requirements for HSDPA’ was approved [1]. This WI is functioning as a building block for HSDPA receiver performance related work tasks. As a work task under this building block WI ‘Performance Requirements of Receive Diversity for HSDPA’ [2] was approved in RAN Plenary meeting #22. The purpose of this work item is to define enhanced performance requirements for HSDPA UE based on receive diversity. The time line for this work was given in [1]:

· TSG RAN WG4#30, simulation assumption and cases agreed.

· TSG RAN WG4#31, review of simulation results, agreements on further simulations to conclude performance requirements. 

· TSG RAN WG4#32, review of final results, conclusion of new performance requirements.

This document discusses the simulation assumptions to be used in this work namely, the propagation conditions and test points. 

2. Channel models 

In RAN4 meeting#29 simulation results for receiver diversity were presented [3]. In these simulations fading between antenna branches was assumed to be uncorrelated. In order to validate assumptions for defining the performance requirements we have investigated spatial correlation between antenna branches due to environmental characteristics. The used methodology and model is briefly introduced in Section 2.1. The spatial correlation between antennas branches is investigated in Section 2.2 assuming different values for parameters describing the environment.   Section 2.3 presents the effect of different assumptions on achievable throughputs in some of the HSDPA test cases [4]. In Section 2.4 the handling of different frequency variants is discussed. In Section 3 we evaluate the suitability of test points used earlier in HSDPA performance assessment.

2.1 Spatial correlation

It has been shown that the evolution of spatial correlation coefficient as a function of distance between antenna elements depends mostly on power azimuth spectrum (PAS) and on the radiation pattern of antenna elements.

The spatial correlation function can be derived from power azimuth spectrum through Fourier transformation. Traditionally the power azimuth spectrum has been assumed to be uniformly distributed. Hence, reflections are impinging to the receiver equally from all directions. The uniform PAS results in the classical Clarke’s Doppler spectrum, which has been used in most simulation set-up’s to model the time domain correlation of fast fading. Several other distributions have also been proposed to model the power azimuth spectrum. In this evaluation we have used Laplacian distribution in addition to uniform distribution. 

As mentioned the spatial correlation depends on the power azimuth spectrum. In case of uniform PAS the spatial correlation can be derived directly without any additional parameters. In case of Laplacian azimuth spectrum we need to take into account other parameters, which affect the realization of the PAS. The form or the width of the Laplacian power azimuth spectrum depends on the Azimuth Spread (AS). The AS is defined as a standard deviation of the power azimuth spectrum.  With non-uniform power azimuth spectrum the correlation between antenna branches is also dependent on the angle of arrival (AoA) of the reflected signals at the UE. The angle of arrival determines the spatial delay of the arriving wave between antennas due to different propagation distance and it also determines the angle around which the power azimuth spectrum is centred. In this analysis the angle of arrival is defined in respect to the broadside of the UE antenna array. Also the direction of travel (DoT) is defined in respect of the antenna array broadside. The direction of travel effects the realization of the Doppler spectrum. The shape of the Doppler spectrum depends also on the PAS. Figure 1 shows these definitions in graphical form.
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Figure 1. Definitions of geometrical parameters.

Figure 2 depicts Laplacian power azimuth spectrums with different values of azimuth spread. In this figure the PAS are centred around an angle of arrival of 0 degrees. Figure 3 presents the associated power Doppler spectrum as a function of the normalized Doppler frequency (fD) with the same parameters as for the PAS of Figure 2. The classical power Doppler spectrum is also plotted as a reference.

	[image: image2.png]Power azimuth spectrum of Laplacian PAS with
different values of AS. MS AoA 0°

4F T : . T : =
— AS:10°
—— AS:35°

sl | asiese |
—— AS:80°
— AS:100°

-150 -100 -50 0 50 100 150




Figure 2. Laplacian PAS centred to 0o with different values of azimuth spread
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Figure 3. Power Doppler spectrum corresponding Laplacian and uniform PAS


2.2 Realisations of spatial correlation with different assumptions

In this section we investigate the spatial correlation values obtained for different parameter settings assuming a Laplacian and uniform PAS distribution. One transmit antenna at the Node B and two receive antennas at the UE are considered in this study. The antenna patterns are assumed to be omni directional at both end of the radio link.

Figures 4,5,6,7 and 8 show the power correlation values for selected scenario with different values of azimuth spread as a function the normalized antenna distance for 0, 30, 45, 60 and 90 degree angle of arrival, respectively. Laplacian distribution was used here to model the power azimuth spectrum in cases where the impinging signal has limited angular spread, which affects the spatial correlation at the UE. Figure 9 presents the power correlation assuming uniform PAS distribution.

Different environment characteristics will result in different realization of spatial correlation between antenna braches. In the situation where the UE is assumed to be surrounded by local scatterers, it can be assumed that antennas separated more than half wavelength ((/2) can be regarded as practically decorrelated. (It should be noted that with uniform power azimuth spectrum antennas 0.38( a part are fully uncorrelated.) The correlation values achieved at (/2 normalized antenna distance with the same parameter values as shown in Figures 4 to 9 are presented in Table 1.The power correlation decreases for increased azimuth spread and decreased angle of arrival.   If sufficiently wide azimuth spread is assumed, the correlations attained at  (/2 normalized antenna distance are comparable between Laplacian and uniform PAS. There could be cases where the limited angular spread affects the spatial correlation at the UE, especially when the angle of arrival is approximately perpendicular to the antenna array broad side of the UE. These cases result higher spatial correlation even with a (/2 normalized antenna distance as can be seen from Table 1.

In general it is difficult to come up with solid arguments on whether to select a limited PAS or simply uniform over 360 degrees. Different measurement results can be found from the literature, which confirm that both cases are realistic. However, both of these cases will in general lead to fairly low antenna correlations at the UE assuming that sufficient normalized separation between antennas can be achieved.

We acknowledge the merits that considering different environmental factors has in feasibility or performance comparison of different schemes. However, in order to maintain the tight timeline for this work [1,2] we would feel it would be beneficial to limit the performance evaluation to assume only one selected setting. The uniform azimuth spectrum has the benefit that the resulting spatial correlation is well-known and available in numerous text books. Laplacian power azimuth spectrum is not equally well known but it has been also shown match well to measurement results. Laplacian distribution has been also used in SCM text [6] to model the power azimuth spectrum (PAS) in addition to uniform distribution. 
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Figure 4. Power correlation function for Laplacian PAS with AoA of 0 degrees
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Figure 5. Power correlation function for Laplacian PAS with AoA of 30 degrees
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Figure 6. Power correlation function for Laplacian PAS with AoA of 45 degrees
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Figure 7. Power correlation function for Laplacian PAS with AoA of 60 degrees
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Figure 8. Power correlation function for Laplacian PAS with AoA of 90 degrees
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Figure 9. Power correlation for uniform azimuth distribution 

	
	Table 1. Power correlation values at (/2 normalised antenna separation.
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2.3 Impact on achievable throughput

In this section we evaluate the effect, which different assumptions on the correlation of propagation conditions between antenna branches have on the achievable throughput with RAKE receiver with receiver diversity assumed. The setting used, excluding the used correlation, is based on the existing HSDPA fixed reference channel (FRC) test cases defined in TS25.101 [4]. The used FRC was H-Set 3. Other simulation assumptions are presented in Annex A. In order to capture the effect of the correlation between antenna branches to simulations in fading channel a stochastic correlation based MIMO channel model [5] was used. This model is briefly presented in Annex B. This model has also been used in SCM text [6] for Multiple Input Multiple Output (MIMO) calibration. As this method is commonly known it was used so that presented results could be easily reproduced by different companies if desired.

The results are presented for uncorrelated fading in each antenna branch (i.i.d) and Laplacian power azimuth spectrum assuming normalized antenna distance of (/2. For the Laplacian PAS the azimuth spread was set to 35 and 65 degrees and the direction of travel to 45 degrees. The azimuth spreads of 35 and 65 degrees were selected as they produces quite conservative correlation value and still differentiate from uniform PAS. (The standard deviation resulting from uniform PAS is 104 degrees.) The direction of travel of 45 degrees corresponds the average value of evenly distributed direction of travel.

Figures 10 and 11 show the impact of different power azimuth spectrum realizations in case of QPSK at Îor/Ioc of 0dB in Pedestrian A 3km/h and Vehicular A 30km/h respectively. Similarly Figures 12 and 13 show the results for QPSK with Îor/Ioc of 10dB. Figure 14 and 15 show the results for 16QAM at Îor/Ioc of 10dB.  It can be seen that introducing correlation reduces the achievable throughput with receive diversity, especially at Îor/Ioc of 10dB as can be expected, reduction being in order of 10%.  At Îor/Ioc of 0dB the reduction in throughput is more due to the change in Doppler spectrum. 

Based on these results it can be seen that functionality wise the different power azimuth spectrums do not provide any difference which would require or prevent their use in performance evaluation.
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Figure 10. H-Set3 QPSK throughput in Pedestrian A 3km/h with receive diversity at Îor/Ioc of 0dB with different PAS realizations
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Figure 11. H-Set3 QPSK throughput in Vehicular A 30km/h with receive diversity at Îor/Ioc of 0dB with different PAS realizations
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Figure 12. H-Set3 QPSK throughput in Pedestrian A 3km/h with receive diversity at Îor/Ioc of 10dB with different PAS realizations
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Figure 13. H-Set3 QPSK throughput in Vehicular A 30km/h with receive diversity at Îor/Ioc of 10dB with different PAS realizations
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Figure 14. H-Set3 16QAM throughput in Pedestrian A 3km/h with receive diversity at Îor/Ioc of 10dB with different PAS realizations
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Figure 15. H-Set3 16QAM throughput in Vehicular A 30km/h with receive diversity at Îor/Ioc of 10dB with different PAS realizations


The results presented here so far have only been concentrating on the impact of the spatial correlation in the receiving end i.e. UE side when one transmitting antenna is assumed in the NodeB. The analysis presented here could be extended to include two transmit antennas in NodeB in the case of transmit diversity. The Laplacian distribution has been shown to fit the measured power azimuth spectrum also in the NodeB side, though the realized azimuth spread values are commonly quite small, in order of few tens of degrees. This would indicate stronger correlation in this sense depending on the antenna separation assumed in NodeB. In the earlier tests in TS25.101[4] for transmit diversity the assumption of uncorrelated transmission antennas has been used.

2.4 Frequency variants

Current specification TS 25.010 (Rel-6) includes possibility to six different frequency bands varying from 800MHz to 2GHz. The performance requirements for these different frequency variants were defined using velocity scaling to make the requirements consistent and keep the amount of required simulation work reasonable.  Additionally there has been separate study item aiming to introduce new frequency variant extending the range of possible bands to 2.5GHz.  

The spatial correlation discussed in the previous chapter was always evaluated in terms of normalized antenna separation. Therefore if different frequency variants are considered the assumed physical antenna distance is varying based on the set carrier frequency. Now the physical antenna separation needed to achieve normalised separation of (/2 at 2.15GHz is approximately 7 centimetres. This translates to normalized antenna separation of 0.2( at 880MHz carrier frequency. It can be seen from Figure 9 that this corresponds to power correlation value of ~0.4 when fully uniform power azimuth distribution is assumed. If Laplacian power azimuth distribution is assumed the power correlation value varies between 1 and 0.45 depending from the selected azimuth spread and angle of arrival.  

The impact of this correlation due to different normalized antenna separations was evaluated in link level simulations. The same model as in Section 2.3 was used. In Figures 16,17 and 18 achievable throughputs are presented in Vehicular A at 30km/h assuming receive diversity with fixed reference channel H-Set3. Results are presented assuming fully uncorrelated antenna branches and also having spatial correlation based on the uniform azimuth spectrum with antenna separation of (/2 and 0.2(. The results with uniform azimuth spectrum and 0.2( antenna separation give a throughput difference in order of 15% with 16QAM when compared to case with fully uncorrelated fading in antenna branches at Îor/Ioc =10dB.  For QPSK at Îor/Ioc of 10dB the impact depends heavily on the used Ec/Ior value, varying from 16% to 2% as Ec/Ior is increased from -6dB to -3dB. This is due to the fact the throughput is saturating to the nominal throughput set by the FRC H-Set 3. At Îor/Ioc of 0dB the difference is minor, in order of 1% as the available diversity gain is already reduced at low SNR’s.

These results show that in case of frequency variants the different assumptions lead to different practical performance. In the presented results we considered the effect of antenna separation for the core band  (2.15GHz) and lowest current frequency band (880MHz). More severe impact could be seen if other possible future frequency bands would be considered. Naturally the larger effective antenna separation could be achieved by different techniques but the improvement provided by those is dependent on the desired terminal size and form as well the intended carrier frequency. However assuming the same antenna separation for all frequency variants and similar correlation (uncorrelated or partially correlated) does not introduce any difference in functional testing of the receiver diversity. Regardless of assumption selected for the correlation between antenna braches, we feel that the selection should be general, so that the same requirements could be used for all frequency variants keeping the amount of required simulations reasonable.
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Figure 16. H-Set3 16QAM throughput in Vehicular A 30km/h with receive diversity at Îor/Ioc of 10dB with different antenna separations
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Figure 17. H-Set3 QPSK throughput in Vehicular A 30km/h with receive diversity at Îor/Ioc of 10dB with different antenna separations
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Figure 18. H-Set3 QPSK throughput in Vehicular A 30km/h with receive diversity at Îor/Ioc of 0dB with different antenna separations
	


3. Test points

In this section we evaluate the suitability of test points used in the HSDPA performance assessment in Rel-5 to be used in the performance assessment of receiver diversity. The defined single antenna fixed reference channel test cases in Section 9.2.1 [4] aim to verify the minimum performance of the UE multicode reception and HARQ-combining in various conditions. The defined redundancy and constellation version sequences for the fixed reference channels were defined so that different redundancy versions and in case of 16QAM all constellation rearrangement options, are used assuming that sufficient amount of retransmissions occur.

Figures 19 to 21 present the achievable throughputs compared to the nominal throughput with HS-set 3 and receiver diversity assuming fully uncorrelated signals in different propagation conditions. In these simulations fully uncorrelated antenna branches are assumed as they provide the most severe case in this respect. With 16QAM the relative throughput remains below 70% except in Pedestrian A, which reaches approximately 90% at Ec/Ior of -3dB. In other propagation conditions the relative throughput is in order of 40% to 60% indicating that larger amount of re-transmissions occur so that HARQ performance is verified.

For QPSK at Îor/Ioc of 10dB the achieved throughputs at higher Ec/Ior values are close to the nominal throughput e.g. the relative throughput is close to 1. This basically means that no or very few retransmissions are needed and that the re-transmissions needed, will be limited most of the time to first redundancy versions. This situation is most acute in Pedestrian A. This would indicate that the HARQ performance is not adequately stressed. Simple correction would be to reduce the higher Ec/Ior value, which would increase the amount of required re-transmissions. This does not however provide desired effect in Pedestrian A. However at Îor/Ioc value of 0dB the relative throughput is reduced to 40% to 60% in all the propagation conditions, therefore providing possibility to evaluate the HARQ performance. 

Based on the current understanding we would feel that the same test conditions as used for the HSDPA performance requirements in Rel-5 could be used for the performance assessment of receive diversity, although some consideration could be given to the test points in case of QPSK at Îor/Ioc of 10dB.
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Figure 19. Relative throughputs at H-Set3/16QAM in different propagation conditions at Îor/Ioc=10dB
	[image: image20.png]Relative throughput

H-SET3 QPSK, i /1 =10dB
o ‘oc

—©- Ped A 3kmh
—< Ped B 3kmh
—=- Veh A 30km/h

—&— Veh A 120km/h
i

3
E/_[dB]

< or

4 3




Figure 20. Relative throughputs at H-Set3/QPSK in different propagation conditions at Îor/Ioc=10dB
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Figure 21. Relative throughputs at H-Set3/QPSK in different propagation conditions at Îor/Ioc=0dB
	


4. Conclusions

In this document we have evaluated the simulations assumptions to be used for performance assessment of with receiver diversity. We propose that for the performance assessment of receive diversity the same test conditions would be used as for the HSDPA performance requirements in Rel-5. Some consideration could, however, be given to the test points in case of QPSK at Îor/Ioc of 10dB.

In the discussion presented in this document two different assumptions for the correlation between antenna branches due to the environmental characteristics were used:

· Partially correlated 

· Fully uncorrelated (i.e. assuming uniform power azimuth spread and normalized antenna separation of 0.38()

The correlation coefficient for partial correlation could be either based on the Laplacian power azimuth spectrum with selected parameters or by assuming uniform azimuth spectrum with fixed normalized antenna separation.  The benefit of uniform distribution in this sense is that it does not require the angle of arrival nor direction of travel to be defined, which effect the realization of spatial correlation and the power Doppler spectrum, respectively, with non-uniform power azimuth spectrum. As discussed the uniform power azimuth spectrum will correspond to classical Doppler spectrum which is commonly accepted and also adopted in the other channel profiles utilized in 25.101 and many existing hardware channel simulators are capable of generating it. 

Based on the result presented it could be seen that on receiver diversity functionality testing wise there exist no reason which would prefer either approach for the propagation conditions to be selected. However if unrealistically optimal setting as are selected for the functionality testing this will mandate one particular solution. This would prevent UE manufacturers to optimise their implementation for fulfilling the requirements and at the same time providing equal better performance in realistic conditions and with reasonable terminal form factors. We would like RAN4 to consider that a certain degree of correlation could be included to the test cases developed under this WI in order to allow implementation freedom for UE manufactures.
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Annex A. Simulation assumptions

Table A.1. Link level assumptions.

	Parameter


	Assumption

	Chip rate
	3.84 Mcps

	HS-DSCH transport format
	H-Set 3 as given in TS25.101 (Rel5)

	HS-DSCH Ec/Ior
	-9, -8,…,-2dB

	HSDPA control channels present
	Not present. Included in OCNS.

	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.

	Channel ray mapping
	Nearest Tc/2 spaced delay (2 sample per chip)

	HS-PDSCH Pilot-Data Ratio
	Estimated

	Propagation channel types
	PedestrianA 3km/h, PedestrianB 3km/h, Vehicular A 30km/h and 120km/h

	Number of bits in A/D converter
	Floating point

	SRRC pulse shaping 
	On

	RV sequence
	As given in 25.101 (Rel-5)

	Max number of transmissions per H-ARQ process
	4

	ACK/NACK feedback error rate
	0%

	Channel Interleaver
	As specified by 25.214 (Rel-5)

	Turbo decoding
	MaxLogMap – 8 iterations
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	0, 10dB

	Primary Scrambling code
	S_dl, 0

	SCH
	On, (Scrambling code group 0)


Annex B. Stochastic radio channel model

A single-input-single-output (SISO) channel consists of one transmit and one receive antenna, i.e. it can be modelled as a time varying impulse response. In a radio interface where multiple antennas are present at both, the transmitter and the receiver, a time-varying impulse response for each transmitter-receiver antenna pair exist in the system. The major focus of the channel model briefly presented here is to model the inherent spatial correlation accurately. 

The stochastic MIMO radio channel model [5] relies on small set of parameters to characterize the radio interface scenario, namely the power gain of the channel matrix and two correlation matrixes describing the correlation properties at both ends of the radio link.  The narrowband MIMO radio channel H which describes the connection between the UE and the node B can be expressed as
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where (mn is the complex transmission coefficient for antenna m at the BS to antenna n at the MS. The spatial complex correlation coefficient at the UE between antenna n1 and n2 is given by
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and similarly for  the node B
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where (a,b( computes the correlation coefficient between a and b. It is assumed that the correlation coefficient at the different ends of the radio link are independent of each other, since the antenna elements illuminate the same surrounding scatterers and therefore also generate the same PAS. Based on the presented correlation coefficients, the following symmetrical complex correlation matrix can be defined for the UE as


[image: image26.wmf]NxN

MS

NN

MS

N

MS

N

MS

N

MS

MS

MS

N

MS

MS

MS

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ë

é

=

r

r

r

r

r

r

r

r

r

L

M

O

M

M

L

L

2

1

2

22

21

1

12

11

R


and also similarly at the node B. The spatial correlation matrix of the MIMO radio channel is the Kroenecker product of the spatial correlation matrix  at the UE and the node B
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 where ( represents the Kroenecker product.

The correlated channel coefficients A are originally generated from zero-mean complex independent identically distributed (i.i.d) random variables, denoted a, which have their amplitude shaped in the frequency domain by the desired power Doppler spectrum and their phases uniformly distributed over [0,2(] and independent from one another. These independent and identically variables, a, are multiplied with the matrix C such as A=Ca. The Matrix C is the  Cholesky factorisation of the matrix RMIMO=CCT provided that RMIMO is non-singular.
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