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1
Introduction
The second objective of the Rel-13 high speed SI [1] calls the study on “new high speed scenarios” for potential high speed performance enhancement.  Based on this objective, a list of new scenarios is introduced to address potential new requirements for high speed train; and these new scenarios [2] are:
1. Scenario1[CMCC (R4-150554)]: 

a. RRHs are connected to one BBU with fiber (multiple RRUs shares the same cell ID)

b. No repeaters installment

2. Scenario 2 [Telecom Italia, ITRI (R4-150018), Orange, NTT DoCoMo]: 

a. Tunnel environment

i. RRH or RAU deployments based is deployed in long tunnel environment which should be considered

b. Different options for the signal distribution through the tunnel

i. Remote antenna units (RAUs) to extend eNB signal through fiber for tunnel environment.

ii. Leaky cables are used to extend the signal through the tunnel

c. Different options for the signal distribution inside the carriage

d. Cell ID in case of fiber use

3. Scenario 3 [Telecom Italia]: 

a. Outdoor eNB installed through the railway on same frequencies as public network coverage

b. Repeaters are installed on the carriage and distribute signal inside the carriage through leaky cables.

4. Scenario 4 [Orange, NTT DoCoMo]: 

a. Outdoor eNB installed through the railway on same frequencies as public network coverage
This contribution will focus on Scenario1, with multiple RRH with identical cell ID, on potential BS performance impact.  The channel model for the new scenario is provided through analysis and comparison is discussed with the existing channel models.
2
High speed Scenario-1
The high speed scenario 1, as agreed in [2] and proposed in [3], is based on this deployment:
· RRHs are connected to one BBU with fiber (multiple RRUs shares the same cell ID)

· No repeaters installment
Table 1    Parameters for Scenario 1

	Parameter 
	Value 

	Carrier Frequency 
	2.6GHz 

	RRH Railway track distance 
	100-300m 

	Distance between RRH 
	1- 1.5km 

	Cell ISD 
	2-6km (2-6 RRHs connect to 1 BBU) 

	RRH height (compared to railway track) 
	15-25m 


Scenario-1 includes multiple RRU with identical cell ID.  Assume that there are 
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 number of RRU within one BBU, where all RRH are linked to one BBU with fiber.  
Table 1 provides the parameters for the RRH deployment along railway tracks.  This deployment can be visualized in Figure 1 as a SFN deployment.  To simplify our analysis, we use Figure 2 to illustrate the distance relationship among RRUs and the moving UE with velocity
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Figure 1    High speed train with SFN deployment: UL
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Figure 2    Illustration of SFN deployment with moving UE
Assume that the RRU height is 
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, the Doppler shift to the 
[image: image10.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 
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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

[image: image20.wmf]10

0

()10log

kdB

d

gx

d

g

D=

,

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.

Based on the analysis, we are able to provide some analytic results on the SFN with RRH deployment.  Our calculations assume 300m RRH to track distance, 25m RRH height, 1km RRH distance, train speed of 350km/hr, and 6 number of RRH.
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Figure 3    Doppler shift at 6 RRH for one moving UE
Figure 3 shows the Doppler shift at the RRHs for a moving UE with 350km/h velocity.  The carrier frequency is 2.6GHz, as defined in Table 1.  The Doppler shift is change between the 
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 depending on the moving UE is closing or leaving a specific RRH.
Figure 4 illustrates the variation of the normalized path loss from different RRUs.  The path loss is normalized to the point where the UE is closest to one of RRH.
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Figure 4    Relative receiving power at different RRU
Based on the relative power path loss and the transmission delay among 6 RRH, Figure 5 shows one typical relative receiver power delay profile, when the UE is at the 
[image: image26.wmf]0

x

=

.  Note that the delays from other RRHs are about 2.5us, 5.7us, 9us, 12.4us, and 15.7us.  The second largest path power is more than 10dB less, and the 3rd path is about 17dB less.
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Figure 5    One typical relative receiving power delay profile
3
Discussions
Scenario-1, as SFN deployment of multiple RRH, is discussed in the contribution with detailed analysis on the Doppler shifts, delay profile, and power delay profile.  
Based on the channel modeling analysis, it could be suitable to apply a typical multipath model for the SFN channel with multiple RRHs.  At a given instant, different paths of the channel may suffer different Doppler shift, depending on the relative speed between UE and the specific RRH.  Compared to the TU300 model used in RAN4 specs, it can be observed that the Doppler shifting is path-dependent, which is different from typical TU300 model.

Observation 1: With a multi-path model for SFN of multiple RRH, the Doppler shift is path dependent.
A close look to Figure 5 indicates that the power from other paths is degraded very fast, if the multiple-path model is applied.  It would be likely that up to 2-ray model could be sufficient to model the SFN channel, independent from the number of RRH.  Of course, this result depends on the 1000m (RRH distance) separate of neighbor RRH, while a closer RRH deployment might provide a different view.
Observation 2: A 2-ray multi-path model could be suitable to model SFN with multiple RRH, when the neighbor RRH separation is 1000m.
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