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1 Background
At RAN4#43 in Kobe, the LTE channel model definition progressed well. There were several inputs discussing the way forward for defining channel models [1,2,3] and a final joint text proposal was agreed for the technical report in [4]. The following was agreed:

· A set of three tapped delay line models with low, medium and high delay spread: EPA, EVA and ETU.

· A set of three Doppler frequencies: 5, 70 and 900 Hz (low, medium and high)
· Four combinations of delay spread and Doppler frequencies

One open issue in the text proposal in [4] is how to define a “high speed” scenario. This contribution proposes a dual approach as a way forward, including both a “high speed train” scenario and a more “regular” high speed scenario.
2 Discussion
2.1 Very high mobility scenario
In TR 25.913, a requirement is stated that mobility should be maintained up to up to 350 km/h. High performance is to be achieved for speeds up to 120 km/h and optimized for speeds below 15 km/h. It is also stated 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.”

For these reasons, it is quite clear that any requirement above 250 km/h should be defined as a special case where performance need not be optimal. It was brought forward as an idea in [1] and in the RAN4 discussions that the high speed E-UTRA case could have a special propagation model, similar to the very high mobility “high speed train” scenarios defined for UTRA.

The high speed train conditions for UTRA were agreed for the UE in [5] and for the BS in [6]. The conditions are copied in Annex A and B of this paper for information.

There are three scenarios defined for the UTRA high speed train conditions:
1. Open space at 350 km/h: Based on a 50m minimum distance from the BS, 1000m between BS and no fading.
2. Tunnel with leaky cable at 300 km/h: Ricean fading with a 10 dB K-factor (the ratio between the direct dominant signal and the fading part).
3. Tunnel for multi-antennas: Based on a 2m minimum distance from the BS, 300m between BS and no fading. 

All scenarios are used to define optional requirements for the BS, while only the limiting Scenario 3 is used for the mandatory UE requirements.
The same scenarios can be used to define E-UTRA requirements. 
2.2 Additional high speed scenario
If the high speed train scenario is used to define requirements for the very high Doppler “high speed train” scenarios in addition to the four agreed combinations of Delay Spread and Doppler, there will be no channel model defined with a Doppler frequency between 70 Hz and 1150 Hz (assuming the same high speed train numbers as for UTRA).

It could for this reason be worth re-investigating the numbers chosen for the High Doppler frequency. According to [4], the Medium Doppler of 70Hz corresponds to 28-86 km/h, depending on the frequency band. Since high performance is to be maintained of E-UTRA up to 120 km/h, it could be worth re-defining the High Doppler frequency to correspond to that level of mobility, since there would be a Very High Doppler case defined for the special high speed train conditions.

Based on a carrier frequency fC=2690 MHz and mobile speed v=120 km/h, the High Doppler frequency could be re-defined to be 300 Hz.
As a combination with Delay Spread the Medium Delay Spread model could be combined with the High Doppler frequency.

2.3 Naming of LTE channel models
It was agreed in [4] to name the channel models based on their heritage from the present 2G and 3G models. The Extended ITU models would be EPA and EVA and the extended TU model would be ETU. 
While this naming gives credit to the recognition these models has in the mobile community, it may also create possible misunderstandings. As an example, the TU “Typical Urban” model is by many seen as a model for urban environment, which was also its original intention 20 years ago. With today’s deployments and considerably smaller cell sizes, it is hardly a typical model in urban environments for LTE. In fact, TU represents the highest delay spread considered for LTE.
The models should for this reason be re-named to something more generic. One proposal is LD, MD and HD referencing the Low, Medium and High delay spread. 

2.4 Set of combined channel model parameters

With the proposal above, the following will be the set of combined channel model parameters for LTE.
Table 1 Combinations of channel model parameters.

	Delay spread
	Doppler frequency
	Model
	Comment

	Low
	Low (5 Hz)
	LD 5Hz
	Low delay spread model representing small cell and indoor cases.

	Medium
	Low (5 Hz)
	MD 5Hz
	

	Medium
	Medium (70 Hz)
	MD 70Hz
	

	High
	Medium (70 Hz)
	HD 70Hz
	Represents high delay spread environments, with a delay span of the same order as the cyclic prefix.

	Medium
	High (300 Hz)
	MD 300 Hz 
	High speed model for high performance.

	-
	Very High 
(~600/1150 Hz)
	(High speed train)
	High speed train model as a special very high mobility case.


3 Proposal

It is proposed that
· The three UTRA scenarios for High Speed Train are applied also for LTE as Very High Mobility Scenarios.

· The High Doppler frequency is re-defined to 300 Hz and used together with the Medium Delay Spread model.

· The three tapped delay line models are re-named LD, MD and HD.
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Annex A. UTRA UE conditions for high speed train scenario
(copied from TS 25.101, Annex B.2)
B.2.5
High speed train condition
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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 is time in seconds. The parameters in the equation are shown in table B.3. Accordingly, Doppler shift changes to the following figure B.3.
Table B.3

	Parameter
	Value
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Figure B.3: Doppler shift trajectory
Annex B. UTRA BS conditions for high speed train scenario

(copied from TS 25.104, Annex B.4A)
B.4A
High speed train conditions
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 2 non fading propagation channels (scenario 1 and 3) and 1 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 anttenas.

For scenario 1 and 3, Doppler shift is given by
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where 
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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.

The parameters in the equation are shown in table B.2A. Accordingly, Doppler shift for scenario 1 and 3 change to the following figure B.3 and B.4, respectively.

Table B.2A: Parameters for high speed train conditions

	 Parameter
	Value

	
	Scenario 1
	Scenario 2
	Scenario 3
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Figure B.3: Doppler shift trajectory for scenario 1
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Figure B.4: Doppler shift trajectory for scenario 3
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