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Background and discussion

At the RAN4-43bis meeting in Orlando the channel models for high velocities were discussed [3]. It was noted that the currently suggested high speed scenario in [1] was addressing a special case of high UE velocities and that a more general high speed scenario was needed as well.
We propose that as the scenarios for the highest Doppler speeds, the high speed train model specified for UTRA [3] is also used for E-UTRA, with the difference that the Doppler speeds are set based on the Band VII maximum frequency of 2690 MHz. As for UTRA, one scenario is proposed for the UE and three scenarios for the BS.
Proposal

It is proposed that the attached text proposals for a High speed train model are included in TR 36.803 [1] and TR 36.804 [2].
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Annex B (normative): 
Propagation conditions
B.1
General
<Text will be added>
B.2
Propagation channels
<Text will be added>
B.2.1
Static propagation condition

<Text will be added>
B.2.2
Multi-path fading propagation conditions

The multipath propagation conditions consist of several parts:

· A delay profile in the form of a “tapped delay-line”, characterized by a number of taps at fixed positions on a sampling grid. The profile can be further characterized by the r.m.s. delay spread and the maximum delay spanned by the taps.

· A Doppler spectrum, characterized by a spectrum shape and a maximum Doppler frequency that is determined from the mobile speed

· A set of correlation matrices defining the correlation between the UE and BS antennas in case of multi-antenna systems.

In this clause, a limited set of conditions is defined for each of the parts listed above. Channel models used in performance evaluation are then formed by combining delay profile with a Doppler spectrum, with the addition of correlation properties in case of a multi-antenna scenario.
B.2.2.1
Delay profiles

The delay profiles are selected to be representative of low, medium and high delay spread environments. The profiles for low and medium delay spread are based on the ITU Pedestrian A and Vehicular A channel models respectively, originally defined for the ITU-R evaluation of IMT-2000 [22]. The high delay spread model is based on the Typical Urban model used for GSM [23] and in some of the evaluation work for LTE.

The resulting model parameters are summarized in Table B.2.2.1 and the tapped delay line models are shown in Tables B.2.2.2, B.2.2.3 and B.2.2.4. 

The models are defined on a [10 ns] sampling grid. They 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 [25].
Table B.2.2.1 Summary of delay profiles for LTE channel models
	Model
	Number of 
channel taps
	Delay spread

(r.m.s.)
	Maximum excess tap delay (span)

	Extended Pedestrian A (EPA)
	7
	45 ns
	410 ns

	Extended Vehicular A model (EVA)
	9
	357 ns
	2510 ns

	Extended Typical Urban model (ETU)
	9
	991 ns
	5000 ns


Table B.2.2.2 Extended Pedestrian A model (EPA)
	Excess tap delay [ns]
	Relative power 
[dB]

	0
	0.0

	30
	-1.0

	70
	-2.0

	[0
	-3.0

	110
	-8.0

	190
	-17.2

	410
	-20.8


Table B.2.2.3 Extended Vehicular A model (EVA)
	Excess tap delay [ns]
	Relative power [dB]

	[0
	0.0

	30
	-1.5

	150
	-1.4

	310
	-3.6

	370
	-0.6

	710
	-9.1

	1090
	-7.0

	1730
	-12.0

	2510
	-16.9


Table B.2.2.4 Extended Typical Urban model (ETU)
	Excess tap delay [ns]
	Relative power [dB]

	0
	-1.0

	50
	-1.0

	120
	-1.0

	200
	0.0

	230
	0.0

	500
	0.0

	1600
	-3.0

	2300
	-5.0

	5000
	-7.0


B.2.2.2
Doppler spectrum

The Doppler spectrum is modelled using the well known Clarke or Classical Doppler spectrum [23]. This is the same as the one used for the UTRA performance requirements:
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where 
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where 
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 is the speed of the mobile,
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 is the carrier frequency and 
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 is the speed of light.
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Figure B.2.2.1 The Clarke or Classical Doppler spectrum as a function of normalised Doppler frequency.

When defining the Doppler frequency
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 to use for E-UTRA performance requirements, a principle similar to what was used for UTRA can be implemented. Each propagation condition is based on a max Doppler frequency and not on a specific UE speed. A set of three Doppler frequencies spanning the requirement range as high, middle and low Doppler frequencies is selected:

· The LTE requirements for mobility in TR 25.913 [3] state that “Mobility across the cellular network shall be maintained at speeds from 120 km/h to 350 km/h (or even up to 500 km/h depending on the frequency band).” This special case is specified in Appendix B.2.3, based on a High speed train scenario.
· TR 25.913 [3] also state that “The E-UTRAN shall support mobility across the cellular network and should be optimized for low mobile speed from 0 to 15 km/h.” For testing purposes, too low mobile speeds are not attractive, since testing times may be very long. The lowest Doppler frequency in UTRA propagation conditions is 5.4 Hz, corresponding to between 2.3 and 7 km/h in the existing frequency bands. Based on this, the low Doppler frequency is selected as 5 Hz.
· An intermediate Doppler frequency can be set at the “logarithmic” average of the 5 and 900 Hz, being 67 Hz. Based on this, the medium Doppler frequency is selected as 70 Hz.

The UE speed that the Doppler frequencies will correspond to will vary between the Operating bands, as shown in Tables B.2.2.5 and B.2.2.6 (informative), where the carrier frequencies at the centre of each uplink and downlink band are used to derive the corresponding UE speeds.

Table B.2.2.5 Uplink Doppler frequencies and corresponding UE speeds (informative).
	Operating Band
	UL Frequencies

UE transmit, Node B receive
	Propagation condition (Doppler)

Corresponding UE speed [km/h]

	
	
	Low (5 Hz)
	Mid (70 Hz)
	High (900 Hz)

	I
	1920 - 1980 MHz
	
2.8
	
39
	498

	II
	1850 - 1910 MHz
	
2.9
	
40
	517

	III
	1710 - 1785 MHz
	
3.1
	
43
	556

	IV
	1710 - 1755 MHz
	
3.1
	
44
	561

	V
	824 - 849 MHz
	
6.5
	
90
	1162

	VI
	830 - 840 MHz
	
6.5
	
91
	1164

	VII
	2500 - 2570 MHz
	
2.1
	
30
	383

	VIII
	880 - 915 MHz
	
6.0
	
84
	1083

	IX
	1749.9 - 1784.9 MHz
	
3.1
	
43
	550

	X
	1710 - 1770 MHz
	
3.1
	
43
	559


Table B.2.2.6 Downlink Doppler frequencies and corresponding UE speeds (informative).
	Operating Band
	UL Frequencies

UE transmit, Node B receive
	Propagation condition (Doppler)

Corresponding UE speed [km/h]

	
	
	Low (5 Hz)
	Mid (70 Hz)
	High (900 Hz)

	I
	2110 - 2170 MHz
	
2.5
	
35
	454

	II
	1930 - 1990 MHz
	
2.8
	
39
	496

	III
	1805 - 1880 MHz
	
2.9
	
41
	528

	IV
	2110 - 2155 MHz
	
2.5
	
35
	456

	V
	869 - 894 MHz
	
6.1
	
86
	1103

	VI
	875 - 885 MHz
	
6.1
	
86
	1105

	VII
	2620 - 2690 MHz
	
2.0
	
28
	366

	VIII
	925 - 960 MHz
	
5.7
	
80
	1031

	IX
	1844.9 - 1879.9 MHz
	
2.9
	
41
	522

	X
	2110 - 2170 MHz
	
2.5
	
35
	454


Table B.2.2.7 Doppler frequencies and corresponding UE speeds for TDD operating band (informative).
	Operating Band
	UL Frequencies

UE transmit, Node B receive
	Propagation condition (Doppler)

Corresponding UE speed [km/h]

	
	
	Low (5 Hz)
	Mid (70 Hz)
	High (900 Hz)

	a
	1900 – 1920 MHz
	2.8
	40
	509

	
	2010 – 2025 MHz
	2.7
	37
	482

	b
	1850 – 1910 MHz
	2.9
	40
	517

	
	1930 – 1990 MHz
	2.8
	39
	496

	c
	1910 – 1930 MHz
	2.8
	39
	506

	d
	2570 – 2620 MHz
	2.1
	29
	375


B.2.2.2
Multi-Antenna channel models

<Text to be added.>

B.2.2.3
Combinations of channel model parameters

A set of baseline combinations of channel model parameters are introduced. These offer a selection from the range of parameters, in order to reduce the total number of channel models to be used in simulating and defining the LTE receiver performance.

	Delay spread
	Doppler frequency
	Model
	Comment

	[Low]
	[Low]
	[EPA 5Hz]
	[Low delay spread model representing small cell and indoor cases.]

	[Medium]
	[Low]
	[EVA 5Hz]
	

	[Medium]
	[Medium]
	[EVA 70Hz]
	

	[High]
	[Medium]
	[ETU 70Hz]
	[Represents high delay spread environments, with a delay span of the same order as the cyclic prefix.]

	TBD
	[High]
	TBD
	[A high speed channel model is for further study.]


B.2.3
High speed train scenario

The high speed train condition for the test of the baseband performance is a non fading propagation channel with one tap. Doppler shift is given by
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where 
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where 
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 is the initial distance of the train from BS, and 
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 is BS-Railway track distance, both in meters; 
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 is the velocity of the train in m/s, 
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 is time in seconds. The parameters in the equation are shown in Table B.2.3-1 assuming a carrier frequency fC = 2690 MHz. The resulting Doppler shift is shown in Figure B.2.3-1.
Table B.2.3-1

	Parameter
	Value
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	750 Hz
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Figure B.2.3-1: Doppler shift trajectory
--------- End Text proposal

Text Proposal for TR 36.804:
Annex B:
Propagation conditions

<Text will be added.>

B.2.3
High speed train scenario

High speed train conditions are as follows.

Scenario 1: Open space
Scenario 2: Tunnel with leaky cable
Scenario 3: Tunnel for multi-antennas
The high speed train conditions for the test of the baseband performance are two non fading propagation channels (scenario 1 and 3) and one fading propagation channel (scenario 2) with one tap. For BS with Rx diversity defined in scenario 1, the Doppler shift variation is the same between antennas.

For scenario 1 and 3, Doppler shift is given by
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where 
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where 
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 is the initial distance of the train from BS, and 
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 is BS-Railway track distance, both in meters; 
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 is the velocity of the train in m/s, 
[image: image34.wmf]t

 is time in seconds. 
In a practical scenario the Doppler shift experienced by the eNodeB will double since the UE will first experience a frequency offset equal to the Doppler frequency. It will then synchronise its oscillator to the carrier frequency plus the doppler offset. The signal will then be shifted another doppler frequency going back from the UE.
For scenario 1 and 3, Doppler shift and cosine angle is given by equation B.2.3.1 and B.2.3.2 where the required input parameters are listed in table B.2.3-1 assuming a carrier frequency fC = 2690 MHz. The resulting Doppler shift is shown in Figure B.2.3-1 and B.2.3-2.
For scenario 2, Rician fading is considered where Rician factor, K is defined as the ratio between the dominant signal power and the variant of the other weaker signals. Parameters are according to Table B.2.3-1.
Table B.2.3-1: Parameters for high speed train conditions

	 Parameter
	Value

	
	Scenario 1
	Scenario 2
	Scenario 3
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	1000 m
	Infinity
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	350 km/h
	300 km/h
	300 km/h
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	1750 Hz
	1500 Hz
	1500 Hz
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Figure B.2.3-1: Doppler shift trajectory for scenario 1
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Figure B.2.3-2: Doppler shift trajectory for scenario 3
--------- End Text proposal
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