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1
Introduction
The study of new high speed scenarios under the Rel-13 SI [1] leads to proposals of multiple high speed scenarios with various deployment considerations [2].  Based on these new scenarios, RAN4 shall define new channel models to evaluate  high speed performance for potential specification.  Although there were some agreements on one (Scenario #1) of the scenarios in the WF [3], other new scenarios are still under discussion in RAN4.
This contribution provides some analysis on all proposed new scenarios in [2].  Some general proposals are provided to simplify the channel modelling process.

2
Summary of high speed scenarios

Out of the 10 new high speed scenarios in [2], we can summarize these scenarios in Table 1.
Table 1    Summary of new high speed scenarios

	Environments
	eNB extension
	
	Extension in Carriages
	Scenario #

	
	
	RRH sharing ID
	
	

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

	
	no RRH/leaky cables
	Repeater with leaky cable
	3

	
	RRH
	Yes
	No repeater/CPE
	1

	Tunnel
	RRHs
	No
	No repeater/CPE
	2e

	
	RRHs
	No
	Repeater with leaky cable
	2b

	
	RRHs
	Yes
	No repeater/CPE
	2d

	
	RRHs
	Yes
	Repeater with leaky cable
	2a

	
	RRHs
	Yes
	CPE
	2f

	
	Leaky cables
	n/a
	No repeater/CPE
	2g

	
	Leaky cables
	n/a
	Repeater with leaky cable
	2c


All these new high speed scenarios, proposed by operators, are determined by eNB extension with RRH or leaky cables, extensions in the train carriages (repeater with leaky cable or CPE), and target working environments.  Some of the scenarios, such as Scenario #4 and Scenario #2e, may be considered as existing scenarios with legacy channel model (HST model).  For other scenarios, new channel models may be considered for further investigation.
3
Channel models for new scenarios

Based on [2], there are 3 new potential channel models that could be applied for the listed scenarios in Table 1:

· SFN model (RRH sharing the same cell id to UE) 

· Leaky cable outside carriage to Repeater in tunnel scenario

· Leaky cable inside carriage to UE in tunnel scenario
The SFN model can be applied to Scenario #1 under open environment, which has some general agreements in [3].  Scenario #2a, #2d, #2f for tunnel, with multiple RRH sharing cell ID, can also use the similar SFN with different sets of deployment parameters.
The general SFN model can be derived based our previous contribution [4].  Given a 
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 number of RRUs shown in Figure 1, assume a high-speed train moving to the east with speed of 
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Figure 1    Illustration of SFN deployment with moving UE
Assume that the RRU height is 
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, and the RRU to track distance is 
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.  For the UE at the position 
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, the Doppler shift to the 
[image: image9.wmf]k

-th RRU can be calculated as
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 number of RRHs, and 
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 is the maximum Doppler shift as 
[image: image14.wmf]Dc

v

ff

c

=

 at carrier frequency 
[image: image15.wmf]c

f

.

The relative delay for the LOS transmission to the 
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-th RRH can be defined as 
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The normalized path loss related to the nearest point to the 
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-th RRH can be yielded as
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where 
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 is the path loss exponent.  For simplicity we may use 
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 for our analysis.  However, ideally this value shall be obtained through detailed channel modeling analysis based on field measurements.
For Scenario 1, it is usually assumed that 300m RRH to track distance, 25m RRH height, 1km RRH distance, train speed of 350km/hr, and 6 number of RRH.  With these parameters, it can be illustrated in [4] that a 2-ray model could be suitable to model SFN with multiple RRH.  This is also the general consensus on Scenario #1 SFN model in [3], where 2-tap dynamic model is defined for Scenario #1.  With these deployment parameters, it is possible to calculate absolute power profile and delay profile for the 2-tap SFN.
For Scenario #2a, #2d and #2f, these RRH tunnel deployment parameters, particularly the RRH distance, might be quite different from Scenario #1 open space deployment.   For a closer RRH deployment, the channel model may use more than 2 taps to model the experienced SFN.  Therefore, the channel model may have a similar SFN model with different number of taps, power profile, and delay profile, depending on deployment parameters.
The channel model for leaky cable deployed in tunnel scenario (Scenario #2g and Scenario #2c) can be considered as a general SFN model, where the radiating points at the cable openings can be considered as mini-antenna as Tx/Rx points.  The Doppler shift between one radiating point to a UE or a repeater in the carriage is identical to that of RRH deployment.  The distance between the two radiating points in the cable can be much shorter than the RRH distance of one RRH deployment.  Therefore, a multi-path channel with different Doppler shifts at different paths can be used to model the leaky cable channel.  The power profile and the delay profile of the SFN model will depend on the leaky cable deployment parameters.
The third channel, the leaky cable inside carriage to UE, will not suffer Doppler shift.  The leaky cable channel between the repeater in the carriage and UEs in the train can be modelled as a general multiple path model, where the relative delay spread depends on the distance of radiating points in the cable.  

3
Conclusions
This paper provides some general discussion on all new high speed scenarios.  These new scenarios can be classified based on their deployments, eNB extension, and in-carriage extension.  Based on the summary, the SFN model can be applied to various scenarios with different deployment parameters.  For example, the channel model of Scenario #1 can be modeled with a two-tap channel; while some RRH deployments in tunnel case can be modeled with a multi-tap channel, depending on the distance between RRH.  The leaky cable deployment along tunnel can also be applied to the SFN model as well.  In order to provide accurate models for these scenarios, operators should provide inputs on deployment parameters so that the details of SFN models could be defined for further investigation.
Reference

[1]
RP-142307
“New SI: Performance enhancements for high speed scenario”, NTT DOCOMO, Huawei, HiSilicon, Dec 2014

[2]
R4-151707
“Way forward on high speed scenarios”, Huawei, RAN4 74bis, April 2015
[3]
R4-152531
“Forward on channel model of identified high speed scenarios”, Huawei, HiSilicon, Qualcomm, CATT, China Telecom, Samsung, Ericsson, Mediatek, Nokia networks, NTT DoCoMo, RAN4 74bis, April 2015
[4]
R4-152240
“BS impact on SFN deployment for high speed scenario-1”, Nokia Networks, RAN4 74bis, April 2015

_1490340539.unknown

_1490340651.unknown

_1490340841.unknown

_1493412944.unknown

_1493412995.unknown

_1490340951.unknown

_1490441364.unknown

_1490340921.unknown

_1490340725.unknown

_1490340774.unknown

_1490340668.unknown

_1490340588.unknown

_1490340633.unknown

_1490340579.unknown

_1490340380.unknown

_1490340422.unknown

_1490340455.unknown

_1490340416.unknown

_1490340335.unknown

_1490340341.unknown

_1490340023.vsd
RRU


d0


d


(x,0)


(kdRRU, d0)


θ



