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1. Introduction

In a 3GPP meeting held in April 2001 [1] on HSDPA the requirements and evaluation criteria for HSDPA were discussed. In the meeting Vodafone stated that they believed that the urban environment was expected to be key for the introduction of HSDPA. In the same meeting Ericsson recommended that indoor environments should be looked at also. The agreement was to prioritise the urban environment (macro/micro), then indoor deployment (pico cells), but not to be restricted to these two cases.

Link level and system level simulations for HSDPA including MIMO require models for the delay spread in the channel. It is the purpose of this contribution to propose what these should be. Some tapped delay line models have been recommended by the ITU for 3G [2] and from a standards point of view these would be the preferred choice. However, they are ‘preferred’ only in the sense that simulation results from different sources using the same set of standard channel models can be directly compared. They may not be ‘preferred’ in terms of the best representation of the operating environment of interest. In fact, in [2] the following statement is made :-

‘The purpose of the test environments is to challenge the Radio Transmission Technologies (RTT’s). Instead of constructing propagation models for all possible IMT-2000 operating environments a smaller set of test environments is defined which adequately span the overall range of possible environments. The descriptions of these test environments may therefore not correspond with those of the actual operating environments.’
In contrast, a set of tapped delay line models for Outdoor-to-Outdoor paths have been generated by the Nortel Networks Harlow labs. These models are based on an extensive propagation database. The database contains results of propagation measurements in a number of different environment types and cell types. Consequently, this set of channel models does correspond to actual operating environments. The full list of channel models is given in Table 1‑1 and it can be seen that in addition to the models based on Nortel’s propagation trials data some test cases are included, as well as the ITU and GSM tapped delay line models. The problem now is that although a comprehensive set of models has been defined there are too many for simulations to be run for each case.

In addition to Outdoor-to-Outdoor paths some Outdoor-to-Indoor propagation measurements were made at 1900MHz. Measurements were made in suburban parts of Harlow and also in Central London (dense urban). These results can be used to construct tapped delay line models for the Outdoor-to-Indoor case, and these are presented later in this contribution.

In order to find a reasonable compromise between employing ‘standard’ channel models and models that give a good representation of a particular environment (urban in this case) the ITU Vehicular and the ITU Outdoor-to-Indoor and Pedestrian models have been compared with the Nortel Macrocellular Urban models. In the following sections it is shown that if the four ITU models are taken as a single set of four channel impulse responses then they can give a reasonable representation of the Outdoor-to-Outdoor urban environment, and from the Nortel Macrocellular Urban models the percentage occurrence for each model can be determined. Consequently the four ITU models can be used directly for link level simulations (where percentage occurrence does not really matter), whereas for system level simulations they should be used with the appropriate percentage occurrences directly applied to the simulation. It is also found that only three of the ITU channel impulse responses are required to represent the urban Outdoor-to-Indoor case, where again Nortel measurements are used to determine the percentage occurrence for each case.

Note that when specifying the maximum Doppler shift it must first be determined whether the path is Outdoor-to-Outdoor or Outdoor-to-Indoor. If, for example, the mobile is an outdoor vehicle moving at 60km/h, then the corresponding maximum Doppler shift is applied to all four ITU models. The models names must be disregarded when applying Doppler; they are simply treated as four profiles representing the dispersion in an urban environment.

In the system simulation, the percentage occurrences should be used to weight the random selection of a delay spread model for each Node B to UE path. However, it should be noted that for a given UE position the delay spread model for different sectors of a given base site should be the same.

	Single tap model

Two tap equal power channel

ITU Outdoor-Indoor channel A

ITU Outdoor-Indoor channel B

ITU Vehicular channel A

ITU Vehicular channel B

Microcellular low base urban category 1

Microcellular low base urban category 2 

Microcellular low base urban category 3 

Microcellular low base urban category 4 

Macrocellular urban (above rooftop) category 1 

Macrocellular urban (above rooftop) category 2 

Macrocellular urban (above rooftop) category 3 

Macrocellular urban (above rooftop) category 4 

Macrocellular urban (above rooftop) category 5 

Macrocellular suburban category 1      


Macrocellular suburban category 2

Macrocellular suburban category 3

Microcell Category 1

Microcell Category 2

Picocell ITU REVAL (channel A) Indoor office 6 tap model

Rural (non hilly) GSM rural 2 model

Macrocellular urban GSM urban 2 model

Rural (hilly) GSM hilly 1 model


Table 1‑1 – Comprehensive set of channel models 

In section 2 the ITU Vehicular and Outdoor-to-Indoor and Pedestrian channel models are presented. In section 3 the Nortel Macrocellular Urban channel models are shown such that these can then be directly compared to the ITU models. Section 4 presents some Nortel measurements of the delay spread for Outdoor-to-Indoor paths for the urban environment, and these are then also compared to the ITU models. Finally in section 5 conclusions and recommendations are given regarding the most appropriate tapped delay line channel models for HSDPA simulations.

2. ITU tapped delay line channel models

For reference purposes the ITU Vehicular and Outdoor-to-Indoor and Pedestrian channel models are shown in this section. The Outdoor-to-Indoor and Pedestrian channel models are shown in Figure 2‑1 and Figure 2‑2. The ITU Vehicular channel models are shown in Figure 2‑3 and Figure 2‑4.
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Figure 2‑1 – ITU Outdoor-to-Indoor and Pedestrian Channel A, 40% probability of occurrence.

Figure 2‑2[image: image7.emf]ITU Outdoor-Indoor and Pedestrian
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 – ITU Outdoor-to-Indoor and Pedestrian Channel B, 55% probability of occurrence
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Figure 2‑3 – ITU Vehicular Channel A, 40% probability of occurrence.
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Figure 2‑4 – ITU Vehicular Channel B, 55% probability of occurrence.

3. Outdoor-to-Outdoor models

In this section the proposed channel models for the Macrocellular (dense) Urban (above rooftop deployment) are compared to the ITU channel models. There are five models in this category and these are shown in Figure 3‑1 to Figure 3‑5.  These can now be compared to the ITU models.

Category 1 is similar to the ITU Outdoor-to-Indoor and Pedestrian channel A in that there is one strong component and a few other weak components at short delays (<0.4(s). This occurs for approximately 20% of the time (using round numbers).

Category 2 is similar to the ITU Vehicular channel A with two strong components with similar delays and some other weaker components. This occurs for approximately 50% of the time.

Categories 3 & 4 are similar to the ITU Outdoor-to-Indoor and Pedestrian channel B with six components within 10dB of the peak return, these being spread over 2-4(s. This channel occurs for approximately 20% of the time.

Category 5 is most like the ITU Vehicular channel B with components existing at very long delays.  However, the longer delayed components for the proposed model are stronger than those of the ITU model. This channel occurs for approximately 10% of the time.
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Figure 3‑1 – Macrocellular Urban channel model based on Nortel propagation database
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Figure 3‑2 - Macrocellular Urban channel model based on Nortel propagation database

[image: image3.wmf]
Figure 3‑3 - Macrocellular Urban channel model based on Nortel propagation database
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Figure 3‑4 - Macrocellular Urban channel model based on Nortel propagation database
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Figure 3‑5 - Macrocellular Urban channel model based on Nortel propagation database

4. Outdoor-to-Indoor models

For Outdoor-to-Indoor paths the ITU models has been compared to measured data obtained at 1.9GHz for the dense urban environment (basestation antenna mounted well above average rooftop level). It has been found that the ITU models can also represent this environment reasonably well. The case where there is one strong component and some other weaker components (of the order of –10dB or less) occurs for about 50% of the time, and this corresponds to the ITU Outdoor-to-Indoor and Pedestrian channel A.  For approximately 25% of the time the channel is similar to the ITU Vehicular channel A, and for approximately 25% of the time the channel is similar to the ITU Outdoor-to-Indoor and Pedestrian channel B. 

5. Conclusion

In this contribution the aim has been to identify a set of tapped delay line channel models for the urban environment, which represents the priority environment for HSDPA [1] and hence also for HSDPA MIMO. Four standard ITU models have been taken to represent a single set of four channel models. These have been abbreviated as shown in Table 5‑1, and in this table the models are shown in order of increasing delay spread.

	Channel model
	Abbreviation
	RMS Delay Spread (ns)

	ITU Outdoor-to-Indoor & Pedestrian Channel A
	OIP-A
	45

	ITU Vehicular Channel A
	V-A
	370

	ITU Outdoor-to-Indoor & Pedestrian Channel B
	OIP-B
	750

	ITU Vehicular Channel B
	V-B
	4000


Table 5‑1 – ITU channel model abbreviations and rms delay spread

The four ITU models have been compared to Nortel urban Outdoor-to-Outdoor and urban Outdoor-to-Indoor delay spread measurements. It has been shown that all four ITU models can be used to represent the urban Outdoor-to-Outdoor environment, where the percentage occurrence for each model has been determined from the Nortel measurements. For the urban Outdoor-to-Indoor case only three of the ITU models are required to represent the environment, and again the percentage occurrence for each model has been determined from measurements. The recommendations are summarised in Table 5‑2.

	Outdoor-to-Outdoor
	Outdoor-to-Indoor

	Model
	% Occurrence
	Model
	% Occurrence

	OIP-A
	20
	OIP-A
	50

	V-A
	50
	V-A
	25

	OIP-B
	20
	OIP-B
	25

	V-B
	10
	
	


Table 5‑2 – Recommended delay spread models and percentage occurrence for HSDPA simulations

It is therefore important to ensure that all of the above channels are used in link level simulations. In system simulations, the percentage occurrences should be used to weight the random selection of a delay spread model for each Node B to UE path. However, it should be noted that for a given UE position the delay spread model for different sectors of a given base site should be the same.

Note that when specifying the maximum Doppler shift it must first be determined whether the path is Outdoor-to-Outdoor or Outdoor-to-Indoor. If, for example, the mobile is an outdoor vehicle moving at 60km/h, then the corresponding maximum Doppler shift is applied to all four ITU models. The models names must be disregarded when applying Doppler; they are simply treated as four profiles representing the dispersion in an urban environment.
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