TSG-RAN Working Group 4 (Radio) meeting #43 
 R4-070572
Kobe, Japan, 7 – 11 May, 2007


Source:
Ericsson, Nokia, Motorola, Rohde & Schwarz
Title:
Proposal for LTE channel models
Agenda item:
6.4.2.4
Document for:
Discussion
1 Background

Several contribution on LTE channel models were presented and discussed at RAN4#42 in Sophia-Antipolis [1,2,3,4,5]. Consensus was reached to base channel models on a synthesis of existing models such as the ITU and 3GPP models. Discussions have continued on the RAN4_LTE e-mail reflector, in order to prepare a text proposal [11] before RAN4#43 in Kobe. This document summarizes the discussion and rationale behind the text proposal.
2 Tapped delay line model
As a first step in the channel model discussion, a set of tapped delay line models are chosen. Several points have been raised in the discussions:

· A first basis for the discussion is the proposal in [1,10] for Extended versions of ITU Vehicular A and Pedestrian B. It is noted that there was some confusion here, since the paper actually says Pedestrian A and Pedestrian B, while it clearly uses Vehicular A and Pedestrian B as is done in [6].
· It was pointed out that a problem with picking only Vehicular A and Pedestrian B is that they are quite similar and that the intention of selecting models for requirements should be to span the “space” of possible environments in an adequate way. Vehicular A and Pedestrian B have delay spreads of 370 and 633 ns according to [6]. Looking at the HSDPA requirements in TS 25.101, where both those models are used, it is also clear that the difference is small since the requirement limits are very similar. It is only for Vehicular A at 120 km/h that a difference starts to emerge, but then due to the higher Doppler frequency.

· There are a total of 6 ITU models to choose from in ITU-R Rec. M.1225 [8], with Delay spreads as listed below (as stated in M.1225, numbers not completely in line with [6]). One can always argue what environments these really represent, but the models do span a large range of delay spreads.
Indoor office
A: 35 ns        
B: 100 ns 

Pedestrian      
A: 45 ns        
B: 750 ns 

Vehicular       
A: 370 ns       
B: 4 000 ns 

· An additional model brought forward in discussions is the Typical Urban model used in some RAN1 evaluations [2,4], which has a 1000 ns delay spread [9].

· A proposal in the e-mail discussions was to select models with larger difference in Delay spread. Perhaps not only “corner cases”, but a low, medium and high delay spread similar to what is the working assumption agreed for Doppler frequencies [5]: 

· Delay spread in major cities will today often be of the same order as Pedestrian A, due to the small cell sizes used. Also from a requirement point of view, there is really not any benefit of going below Pedestrian A in terms of delay spread, implying that Pedestrian A can be suitable for representing low delay spread.

· In rural environments, cells are rarely so big as to motivate the Vehicular B model. A more suitable high delay spread model would be Typical Urban. An interesting aspect of TU is also that the delay span in 5 us, which is of the same order as the cyclic prefix in LTE.

· As an intermediate model for medium delay spread, Vehicular A can be a good choice. 

· One advantage with all three models is that they are widely used and recognized. Pedestrian A and Vehicular A are used for HSDPA requirements and TU is defined in previous 3GPP specifications for GSM and also used in some LTE evaluations.
· It was pointed out that the low delay spread model may not be needed, since the number of tests within RAN4 should be kept low and from the technical point that the pedestrian A channel is relatively benign due to its low delay spread. It was however expressed that the possibility for a low delay spread model should anyway be retained to cover cases where such an environment is relevant, such as Home Node B and small cells. It was argued that this gives a completeness of different possible environments. A delay spread on the order of Pedestrian A is a very common scenario in real deployments.
2.1 Working assumption
Based on the discussions, a working assumption is proposed with the following set of three tapped delay line models:

Table 1 Summary of delay profiles for LTE channel models.
	Channel model
	Delay spread (r.m.s.)

(See Annex A)

	Low delay spread
	Extended Pedestrian A (EPA)
	43 ns

	Medium delay spread
	Extended Vehicular A model (EVA)
	357 ns

	High delay spread
	Extended Typical Urban model (ETU)
	991 ns


An extended version of each model to cover a 20 MHz bandwidth is derived in Annex A. The extra taps in the extended versions are added to improve the frequency correlation function in a way similar to what is done in [6].
The frequency correlation function of a tapped delay line type channel model, with tap powers 
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which is simply a Fourier transform of the power delay profile. 

It was observed that the existing models (e.g. Pedestrian A or TU) had correlation peaks, and further that the value of the complex-valued correlation was close to +1 near these peaks. Thus, to reduce a certain peak, a tap m needs to be added such that it contributes with a value close to -1 at this particular frequency shift 
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As an example, the TU channel has a high correlation peak at 
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= 10 MHz. To reduce this, a tap needs to be added at the delay (2k – 1)/(2k)*100 ns, which for k=1 evaluates to 50 ns. The power of the tap determines to what extent this correlation peak is reduced and other peaks are created. 

The procedure used to derive the extended Pedestrian A and extended TU channel models was to repeatedly add a tap according to above, recalculate the frequency correlation function, and then identify the next correlation peak to remove. The tap powers were selected somewhat arbitrarily, with the constraint that the frequency correlation should improve while the resulting RMS delay spread should not be changed too much.

3 Doppler spectrum and Doppler frequencies

It is proposed in [5] to select three Doppler frequencies to use with the LTE channel models, representing low, medium and high mobile Doppler conditions. This is also the agreed working assumption from RAN4#32bis in Sophia-Antipolis.
The three Doppler frequencies are

· Low Doppler:
5 Hz

· Medium Doppler:
70 Hz

· High Doppler:
[900] Hz
4 Combination with Doppler frequencies

Above three channel models are outlined based on low, medium and high delay spreads, specifically, EPA, EVA and ETU. There are also three Doppler frequencies outlined representing low, medium and high Doppler environments. These form a framework of three Doppler frequencies and three delay spreads that span the expected environments. From the set, selected scenarios for the requirements can be chosen, making the way forward future proof and avoiding models added later on an ad hoc basis. There are potentially nine combinations, but clearly all nine are not needed.
The following combinations of delay spread and Doppler is proposed as a working assumption. The list does not in anyway mandate what environments are to be used in any specific requirement for LTE.
1. EPA 5Hz
2. EVA 5 Hz

3. EVA 70Hz

4. ETU 70Hz
5. High speed model (ffs)

It was pointed out in the discussions that the higher Doppler frequency scenario (EVA 900 Hz) may require further considerations how to link the propagation model to a suitable Doppler spectrum. It is stated in TR 25.913 that “The mobile speed above 250 km/h represents special case, such as high speed train environment. In such case a special scenario applies for issues such as mobility solutions and channel models.” When determining such a high speed channel model, we could potentially benefit from the work done for WDCDMA on high speed train requirements. 
5 Sampling grid

The Sorensen et al. paper [6] defines the extended channel models on two sampling grids, one at 10ns and the other at 32.55ns.It is proposed to continue to use a 10ns sampling grid to define the RAN4 models, which is also the number used for the derivation in Annex A. This may need to be verified with test equipment manufacturers.
The tapped delay line models can be adapted to any desired sampling grid used in a simulation or test setup using the procedure defined to align sampling grids shown in Annex B of TR 25.943 [7].

6 Summary
A set of tapped delay line models in combination with a set of Doppler frequencies is discussed and proposed for the LTE performance requirements. A text proposal for the LTE Technical Reports is given in [11].
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Annex A. Extended channel models for LTE

The extended channel models proposed in this Annex are based on the existing ITU models and the TU model. In line with the method proposed in [6], additional channel taps are added to improve the frequency correlation properties for a 20 MHz channel.
A.1 
Low delay spread EPA (Extended Pedestrian A)

The table lists the tap settings for the original Pedestrian A as well as a proposal for a new Extended Pedestrian A suitable for the low delay spread case. Three additional taps are specified giving a total of 7 taps. The delay spread is essentially unchanged but the frequency correlation function has better behaviour, especially for frequency separations up to 20 MHz. 

Table 2 Proposed Extended Pedestrian A model (EPA)
	
	Original Ped A
	Extended Ped A

	Excess tap delay [ns]
	Relative power [dB]
	Relative power [dB]

	0
	0.0
	 0.0

	30
	
	-1.0

	70
	
	-2.0

	90
	
	-3.0

	110
	-9.7
	-8.0

	190
	-19.2
	-17.2

	410
	-22.8
	-20.8

	
	
	

	Rms delay spread [ns]
	46
	43


[image: image10.emf]0 10 20 30 40 50

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Frequency separation [MHz]

Correlation

PedA (Rec.ITU-R M.1225), rms

 = 46 ns

[image: image11.emf]0 10 20 30 40 50

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Frequency separation [MHz]

Correlation

ExtPedA (new proposal), rms

 = 45 ns


Figure  1 Frequency correlation properties of ITU Pedestrian A and the new EPA model.
A.2. 
Medium delay spread EVA (Extended Vehicular A)

An extended model for Vehicular A was proposed in the paper by Sorensen et al. [6]. The table and plots are repeated here from [6] for the sake of completeness.

Table 3 Proposed Extended Vehicular A model (EVA)
	
	Original Veh A
	Extended Veh A 

	Excess tap delay [ns]
	Relative power [dB]
	Relative power [dB]

	0
	0
	0.0

	30
	
	-1.5

	150
	
	-1.4

	310
	-1.0
	-3.6

	370
	
	-0.6

	710
	-9.0
	-9.1

	1090
	-10.0
	-7.0

	1730
	-15.0
	-12.0

	2510
	-20.0
	-16.9

	
	
	

	Rms delay spread [ns]
	370
	357


[image: image12.emf]0 10 20 30 40 50

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Frequency separation [MHz]

Correlation

VehA (Rec.ITU-R M.1225), rms

 = 370 ns

[image: image13.emf]0 10 20 30 40 50

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Frequency separation [MHz]

Correlation

ExtVehA (Sorensen et al.), rms

 = 357 ns


Figure  2 Frequency correlation properties of ITU Vehicular A and the new EVA model.
A.3
High delay spread ETU (Extended Typical Urban)

A new proposal for the high delay spread case based on the Typical Urban model can be found in the table below. It is similar to the proposal in [2] but has two additional taps to further improve the frequency correlation properties.

Table 4 Proposed Extended Typical Urban model (ETU)
	
	Original TU (GSM 05.05)
	Extended TU

	Excess tap delay [ns]
	Relative power [dB]
	Relative power [dB]

	    0
	-3
	-1.0

	    50
	
	-1.0

	    120
	
	-1.0

	    200
	0
	0.0

	    230
	
	0.0

	    500
	-2
	0.0

	    1600
	-6
	-3.0

	    2300
	-8
	-5.0

	    5000
	-10
	-7.0

	
	
	

	Rms delay spread [ns]
	1062
	991
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Figure  3 Frequency correlation properties of 3GPP Typical Urban and the new ETU model.
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