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1	Introduction
Various high speed scenarios [2] have been proposed under the Rel-13 high speed SI [1].  RAN4 will define new channel models based on these scenarios for potential specification for high speed.  One of the scenarios, SFN model, has been agreed [3] [4] as a two-tap fading model.  The remaining scenarios from [2] are related with tunnel leaky cable deployments.  This contribution provides some analysis on leaky cable deployments for tunnel scenarios with a proposed channel model.  

2	Summary of high speed scenarios
As discussed in [5], the summary of all 10 high speed scenarios in [2] can be listed in Table 1.
[bookmark: _Ref426546759]Table 1    Summary of new high speed scenarios
	Environments
	eNB extension
	Extension in Carriages
	Scenario #
	Existing or new scenarios

	
	
	RRH sharing ID
	
	

	Open space
	no RRH/leaky cables
	No repeater/CPE
	4
	Existing scenario

	
	no RRH/leaky cables
	Repeater with leaky cable
	3
	Existing scenario

	
	RRH
	Yes
	No repeater/CPE
	1
	SFN

	Tunnel
	RRHs
	No
	No repeater/CPE
	2e
	Existing scenario

	
	RRHs
	No
	Repeater with leaky cable
	2b
	Existing scenario

	
	RRHs
	Yes
	No repeater/CPE
	2d
	SFN

	
	RRHs
	Yes
	Repeater with leaky cable
	2a
	SFN

	
	RRHs
	Yes
	CPE
	2f
	SFN

	
	Leaky cables
	n/a
	No repeater/CPE
	2g
	Leaky cable

	
	Leaky cables
	n/a
	Repeater with leaky cable
	2c
	Leaky cable



From the table, we treat Scenario #4, #3, #2e, #2b as “existing scenarios”, indicating that there is no much difference from the legacy deployment.  Scenario #1, #2d, #2a, #2f with shared RRH ID can be considered as the SFN deployment, where the SFN model has been agreed in [3] and [4].  The remaining scenarios, Scenario #2g and #2c, include a leaky cable deployment as eNB extension.  These two scenarios shall be considered as the “leaky cable” case, where the channel modeling between Tx port and the receiver in carriages shall be studied.  We concentrate our discussion in the contribution on these two scenarios for leaky cable modeling.
The difference between Scenario 2g and Scenario 2c is on the receiver side, where Scenario 2c has a repeater with leaky cable installed inside carriages.  The propagation channel between the in-carriage repeater and UEs is not a high Doppler channel, thus this propagation channel is considered in the study.



3	Channel modeling for leaky cable
One typical leaky cable deployment inside railway tunnel can be illustrated in Figure 1 (courtesy Telecom Italia).  One RF amplifier drives 1.5km long leaky cable, indicating that one RF AMP is applied every 1.5km in this deployment.
[image: ]
[bookmark: _Ref426970189]Figure 1    Leaky cable deployment inside tunnel (Courtesy Telecom Italia)

3.1	General multi-path model for leaky cable channel


[bookmark: _Ref426551587]Figure 2    Diagram of the leaky cable deployment in tunnel scenarios
Based on Figure 1, the diagram for a typical leaky cable deployment in tunnel scenarios can be shown in Figure 2.  This shall be applied to both Scenario 2g and Scenario 2c, where the repeater inside the train carriages is not shown.  We are more interesting in the high speed channel between the Tx port of leaky feeder, and the UE in the train (Scenario 2g), or the Rx repeater in the train (Scenario 2c).
In Figure 2, the RF radiating points (slots) along the leaky cable are illustrated with “white boxes”.  The distance between any two neighbor radiating points (slots) is denoted as , with the assumption that all radiating points (slots) are uniformly allocated along the leaky cable.  Because Tx power along the leaky cable will be attenuated, RF amplifiers are usually applied along the cable [6].  Note that the installation of RF amplifiers is deployment specific, depending on the tradeoff between coverage performance and cost.


[bookmark: _Ref426644449][bookmark: _Ref426644445]Figure 3    Detailed illustration of leaky cable
A close look on the leaky cable with radiating points (slots) is shown in Figure 3.  The distance between two neighbor radiating points is , and the radiating angle from one radiating point is denoted as .  Note that these two parameters,  and  are deployment specific based on operators’ choices; and these two parameters are very important for leaky cable channel modeling.
Based on one literature [7], one leaky cable deployment is to have 100 slots (radiating points) over a ~30 meter leaky cable, which gives m for 900MHz.  One typical radiating angle is ~20 degree, indicating that a large radiating power loss beyond the radiating angle.  This observation was also reported in [8], as “in case of using radiating cable we can consider that the incidence angle is 90° so the penetration losses are minimum”, indicating a very small radiating angle (~0 degree).  Besides, for Scenario 2g, as discussed in [6], the penetration loss of waves with grazing incidence angels will be very high duo to metallic hulls of trains and tinted (metalized) windows.  This also suggests a small radiating angle.
To facility further analysis, we assume m and  , and the cable height , taken from Figure 1.  It can be calculated that the coverage distance for one radiating point is m.  With , at any point in the train under the leaky cable, a UE can be covered by 8~9 radiating points.  Based on this observation, a 9-ray channel may be applied to model the channel.  However, the maximum delay between the two radiating points in  distance apart is , which is very small and can be neglected.  
The radiating power along the leaky cable can be calculated with a cable attenuation model if there is no RF power amplifier between radiating points.  Considered the cable length of for 9 radiating points, the radiating power difference among these radiating points are not very significant.
Assume 350km/hr at 2.7GHz.  The maximum Doppler can be calculated based on the maximum radiating angle of  , as . There will be no Doppler shift between a radiating point and the UE directly under the point.  With small radiating angle, the related Doppler shift is also quite small.
Based on the analysis, LOS transmission is assumed and the delay between radiating points are neglected.  The received RF signal is 

where is denoted as the normalized Rx power for the -th radiating point,  is respective Doppler shift,  is Rx noise, and  is the transmitting signal.  Therefore, the leaky cable under high Doppler can be modeled with a single ray channel, where the combining Doppler shifting becomes a complex fast fading gain.  
Denote the fast fading gain as 

With potential 9 significant radiating points, the fading gain can be modeled with central limit theorem.  As the result, the power of the fading gain  can be modeled as a Rician distribution.
Based on this analysis, we observe that:
Observation 1: 	The leaky cable channel model depends on radiating point distance and radiating angles.
Observation 2:	If the radiating point distance is small (e.g. ), the leaky cable channel under high Doppler can be modeled with a single path channel with a fast fading channel gain.
Observation 3:	Rician fading can be used to model the fast fading channel gain.

3	Conclusions
This contribution provides some preliminary analysis on leaky cable channel modeling for high speed SI.  Based on one set of leaky cable parameters, we provides some analysis and observes that
Observation 1: 	The leaky cable channel model depends on radiating point distance and radiating angles.
Observation 2:	If the radiating point distance is small (e.g. ), the leaky cable channel under high Doppler can be modeled with a single path channel with a fast fading channel gain.
Observation 3:	Rician fading can be used to model the fast fading channel gain.
RAN4 shall agree on the detailed deployment parameters for leaky cable so that the detailed channel model can be evaluated.  
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