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1. Introduction

Any wireless communications system needs to specify a propagation channel model that can act as a basis for performance evaluation and comparison. With advancing communication technologies, these models may need to be refined in order to exploit further characteristics of the channel. 

3GPP SCM model [1] has been designed for systems operating around 2 GHz carrier frequencies with 5 MHz bandwidth. 3GPP LTE work, however, requires channel models supporting bandwidths up to 20 MHz, and SCM model with 6 paths has not been guaranteed to be directly suitable for such bandwidths. In this document we investigate the suitability of the 3GPP SCM model for wireless systems with up to 20 MHz bandwidth. As an example of potential shortages of the original 5 MHz SCM model we present some initial simulation results for a 20 MHz OFDM system.  

WINNER project [2] is focusing on beyond 3G (B3G) radio system using a frequency bandwidth up to 100 MHz. Work package 5 (WP5) of the WINNER project is developing double directional MIMO channel models for the WINNER system, whose required bandwidth and centre frequencies are up to 100 MHz and 2…6 GHz, respectively. As a first step towards higher bandwidths, WP5 has performed some modifications to 3GPP SCM, and implemented a new model, called SCME (SCM Extension) [3]. This document introduces the SCME model optimized for bandwidths up to 20 MHz, and presents the resulting improvements in frequency domain correlations as well as effects on OFDM system performance. 

2. Extending the 3GPP SCM model

3GPP SCM model was selected as a basis for outdoor channel model extensions. The SCM extension, SCME, is described in [3], and it widens the applicability of SCM to 5 GHz carrier frequency and 100 MHz bandwidth. Also a model for time evolution of channel parameters, such as path delays and angles, and shadow fading are given, and simple tapped-delay line parameter are developed for calibration simulations in [3]. In this document only the SCME bandwidth extension feature is outlined, which is the crucial step in addressing the frequency correlation properties affecting OFDM system performance. 

The goal of the extension is to keep it simple, backwards compatible, and within the conceptual approach of the original SCM. Backwards compatibility ensures that channels generated with the SCME, once downsampled to 5 MHz, will be equal to those generated with the SCM – that is, using the same parameters. This approach provides consistency and comparability. In the following the underlying concepts and the reasoning behind the proposed extensions are discussed.

In order to extend the model in a way that its characteristics remain unchanged if compared at the original 5 MHz resolution bandwidth, an intra-path delay spread (DS) is added. This is zero in SCM. A possible power delay profile (PDP) is a one-sided exponential. This approach of so-called intra-cluster DS was originally proposed by Saleh and Valenzuela for indoor propagation modelling [4], but the intra-cluster DS model has also been adopted for outdoor scenarios in COST 259 [5]. 

The 20 sub-paths of SCM are split into subsets, denoted as mid-paths, which are moved to different delays relative to the original path. Even though a mid-path consists of multiple sub-paths in an angular domain, it remains a single tap in delay domain. This approach limits the diversity increase to reasonable values, and avoids that single sub-paths becomes delay-resolvable. Furthermore, lumping together a number of sub-paths keeps the fading distribution close to Rayleigh, and in this way enables a potential implementation with a classic Gaussian-distributed number generator. It is found that four is the absolute minimum number of sub-paths (sinusoids) to yield a reasonable Rayleigh distribution.

In SCM each sub-path has a fixed angle relative to the path mean angle assigned to it, see [1]. By perturbing the set of sub-paths assigned to a mid-path, the angular spread (AS) of that mid-path can be varied. The mid-path ASs (ASi where i is the mid-path index) were optimized such that the deviation from the path AS (ASn where n is the path index), i.e. the AS of all mid-paths combined, is minimized. The number of mid-paths, and their power and delay parameters for 100 MHz bandwidth are tabulated in [3]. For 3GPP LTE work, a specific 20 MHz model parameterization, given in Table 1, was made.
Table 1. Intra-cluster parameters for 20 MHz.
	Mid-path
	Number of sinusoids and power
	Delay
	Sub-paths
	ASi / ASn

	1
	10 (of 20)
	0
	1,2,3,4,5,6,7,8,19,20
	0.9865

	2
	6 (of 20)
	12.5 ns
	9,10,11,12,17,18
	1.0056

	3
	4 (of 20)
	25 ns
	13,14,15,16
	1.0247


3.  Tapped delay line model

In the SCM, most parameters are defined by their probability density functions (PDF). While this provides richness in variability, it can turn out to be a headache for accurate simulations as the simulation time grows exponentially with the number of random parameters. As a practical add-on, a set of fixed values for powers, delays and angular parameters are tabulated in Table 2. The parameters were derived as follows. First a system-level power delay profile (PDP) was formed by averaging over system-level instantaneous impulse responses. Thereafter the fixed delays of the 6 paths were fitted to the PDP of the system-level model using the method from [6]. These delays were then perturbed until a satisfactory frequency decorrelation was achieved. Mean angles were randomized until the total angular spread roughly equalled to the expected values of AS.

Table 2 describes modified SCME tapped delay line models for 20 MHz bandwidth. Additionally, the mid-paths for each tap, given in Table 1, are required for improved frequency correlation behaviour at 20 MHz.

Table 2. SCME tapped delay line models.
	Scenario
	Suburban Macro
	Urban Macro
	Urban Micro

	Power-delay parameters: relative delay (ns)/ path power (dB)
	1
	0.0
	0.00
	0.0
	0.00
	0.0
	0.00

	
	2
	137.5
	-2.67
	362.5
	-2.22
	287.5
	-1.27

	
	3
	62.5
	-6.21
	250.0
	-1.72
	200.0
	-2.72

	
	4
	400.0
	-10.41
	1037.5
	-5.19
	662.5
	-4.30

	
	5
	1387.5
	-16.47
	2725.0
	-9.05
	812.5
	-6.01

	
	6
	2825.0
	-22.19
	4600.0
	-12.50
	925.0
	-8.43

	Resulting total DS (ns)
	231.0
	841.1
	295.6

	Path AS at BS, MS (deg)
	2, 35
	2, 35
	5, 35

	Angular parameters: Angle-of-Arrival (deg) / Angle-of-Departure (deg)
	1
	156.2
	-101.3
	65.7
	82.0
	76.5
	-127.3
	0.7
	6.6

	
	2
	-137.2
	-100.9
	45.6
	80.5
	-11.9
	-130.0
	-13.2
	14.1

	
	3
	39.3
	-111.0
	143.2
	79.6
	-14.6
	-136.8
	146.1
	50.8

	
	4
	115.2
	-113.0
	32.5
	98.6
	17.7
	-96.2
	-30.5
	38.4

	
	5
	91.2
	-115.5
	-91.1
	102.1
	167.7
	-159.6
	-11.4
	6.7

	
	6
	4.7
	-118.1
	-19.2
	107.1
	139.1
	173.2
	-1.1
	40.3

	Resulting total AS at BS, MS (deg)
	4.7, 64.8
	7.9, 62.4
	15.8, 62.2
	18.2, 67.8


4. Frequency correlation properties

Frequency correlation properties of tapped delay line models for each scenario given in Table 2 are shown in Figures 1 – 3 with (blue) and without mid-paths (green curve). The upper subfigures show the tapped delay line models with 6 taps (without mid-paths) and with 6*3 taps (with mid-paths). It is seen that mid-paths have a clear impact on channel frequency correlation properties, and consequently are expected to affect the 20 MHz system simulations. It is also worth remembering that single random realizations of SCME model may still yield high frequency correlations in resemblance of real channel conditions, but if averaged over many realizations the peaks in frequency correlations disappear.   
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Figure 1. Frequency correlation for sub-urban macro scenario.
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Figure 2. Frequency correlation for urban macro scenario.
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Figure 3. Frequency correlation for urban micro scenario.

5. Effect of the channel model on OFDM performance

The effect of the channel model on OFDM system performance was also investigated. In [7] it was concluded that SCM bandwidth extensions have no significant impact E-UTRA capacity, and existing SCM seems a reasonable starting point for 20 MHz simulations. The following simulation results seem to indicate a bit different conclusion as clear performance differences in terms of BLER results are seen between the original 5 MHz SCM model and the WINNER SCM extension for 20 MHz.

EUTRAN OFDM DL with 20 MHz bandwidth was simulated with 2048 FFT, 15 kHz carrier separation and 1200 active sub-carriers. The chosen channel model scenario was SCM sub-urban macro, which of the SCM scenarios shows the least multipath diversity. Hence the effect of the number of taps is largest in this scenario. Users with packets of 250 information bits were simulated, i.e. a user with one packet of 250 info bits per 20 ms has a info rate of 12500 bps (VoIP). User packets were interleaved over the whole bandwidth, which maximizes the frequency diversity. QPSK users with 1 Tx and 1 Rx, and code rates 1/3 and 2/3 were simulated. Mobile speed of 3 km/h and carrier frequency of 2.5 GHz were used.  

Two different tap resolutions of the original 100 MHz SCME model were selected for comparison. First, the tap resolution was decimated to 30.72 MHz, which corresponds to 20 MHz EUTRAN sampling frequency. Next the tap resolution was decimated to 5.12 MHz, which returns the model back to original SCM. Now the tap resolution corresponds to 1/6 of maximum tap resolution of 20 MHz EUTRAN. 

With the above mentioned parameters 1000 drops were simulated with 20 000 coding blocks (packets). For all cases identical drops (random seeds) were simulated, and 2% inaccuracy was observed in received channel power when averaged over drops. The preliminary comparison results with 30 MHz and 5 MHz resolution are shown in Figures 4 and 5.

As for QPSK 1/3, there is a notable difference in slope of the performance curves. This is caused by different degree of diversity, and the multipath channel is the only source of diversity. Therefore, the difference is caused by the channel model. We can see that at BLER level of 10% the modelling error of the 5 MHz channel model is +1.5 dB, which is a significant error. In coded BER the difference is even bigger: at 1% level the error is +3 dB.

In the investigated regime QPSK 2/3 has not reached asymptotic regime, and the difference of slope is becoming visible at the right hand end of the regime. Channel variability causes performance differences in BLER (not coded BER) at low SNR. It has to be reminded that with only few iterations, belief in turbo decoding is not perfect, but there is a punishment from channel-included variability of soft bit reliability. At low SNR, the diversity enjoyed by the information bits (experienced by the redundancy bits) is not sufficient to compensate for this loss. Therefore we see that 5 MHz channel model underestimates the variability of the soft bits. At BLER 80% level, the modelling error of the 5 MHz channel is -1 dB. This can be considered rather significant performance difference, and it is of opposite sign compared to observed errors with QPSK 1/3. 

To summarize the observations from OFDM simulations, clear differences were observed in diversity and channel variability, since a wide channel has higher resolution. 
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 Figure 4. BLER (upper) and coded BER (lower) performance for QPSK with 1/3 turbo.

[image: image6.png]BLER

10

10

Channel model: SCM sub-urban macro, coding block 250 bits

—©— QPSK 2/3; 30 MHz ChMod
—» QPSK 2/3; 5MHz ChMod
T T T

1

1.5 2 25

3 35 4 45 5 55
SNR




[image: image7.png]Coded BER

10

Channel model: SCM sub-urban macro, coding block 250 bits

5
RES
- ~
N
N
- ~
\(\
o
~
—6— QPSK 2/3; 30 MHz ChMod
—» QPSK 2/3; 5SMHz ChMod
I T I T L L L 1 L L
1 1.5 2 25 3 35 4 45 5 55

SN.R





Figure 5. BLER (upper) and coded BER (lower) performance for QPSK with 2/3 turbo.

6. Conclusions

This document indicates potential shortages in the original SCM model when applying it to a 20 MHz OFDM system. The initial simulation results presented in this document also show rather clear performance differences between the original 5 MHz SCM model and extended SCM model in BLER results. 

WINNER SCME channel model with bandwidth extension up to 20 MHz has been presented to mitigate the identified artefacts of SCM in frequency domain, when applied to bandwidths over 5 MHz. The presented model provides consistency and comparability, since it is backwards compatible with the original SCM, i.e. when downsampled to 5 MHz, original SCM channels are retrieved. 

Finally, a free Matlab implementation of SCME for 100 MHz is available online in [2]. With some minor modifications it can be used for 20 MHz 3GPP LTE simulations. 

Disclaimer

If the complexity related to SCME turns out to be overwhelming, or if a simpler model, giving similar results can be found, the channel model used in evaluations should be reconsidered
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