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1 Introduction
A new Study Item was defined at 3GPP TSG RAN Meeting #66 in [1]. In this contribution the existing BS channel model and requirements are analyzed in relation to the scenarios listed in [2].
2 Discussion
The SID [1] lists:
· Identifying other new conditions to affect the system performance for E-UTRA under high speed environment and investigating BS demodulation, UE demodulation, and UE RRM performance under the identified new high speed scenarios. 
· Identify new high speed train scenarios for enhancements
· The practical deployment scenario for high speed train coverage should be taken into account for evaluation;
· Dedicated network (such as RRH deployments) is deployed in high speed railway
· Separate carriers are utilized for high speed scenario. One carrier with good coverage serves as PCell for mobility management. One carrier at high frequency may provide the good data transmission.
· Public network is deployed along the railways and repeaters are installed in carriages
· Dedicated network is deployed along the railways and repeaters are installed in carriages.
· Deployment where coverage inside tunnels is provided by one or more repeaters

· The practical deployment scenarios and corresponding parameters are welcomed to be provided by interested operators.
· Target moving speed and carrier frequency shall be investigated.
· The channel model for high speed train scenario shall be evaluated. 
A number of scenarios were identified as scenarios 1-4 in [2].
2.1 Scenario 1

Scenario1 is described in CMCC (R4-150554). RRHs are connected to one BBU with fiber (multiple RRUs shares the same cell ID). No repeaters installment.
	
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



Table 1: Scenario 1 parameters.
2.2 Scenario 2

Scenario 2 is described in Telecom Italia, ITRI (R4-150018), Orange, NTT DoCoMo: Tunnel environment: 

· RRH or RAU deployments based is deployed in long tunnel environment which should be considered.
Different options for the signal distribution through the tunnel:
· Remote antenna units (RAUs) to extend eNB signal through fiber for tunnel environment.

· Leaky cables are used to extend the signal through the tunnel.
Different options for the signal distribution inside the carriage:
Cell ID in case of fiber use:
· Remote antenna units (RAUs)  share the same cell id.
· Remote antenna units (RAUs) have different cell id.

	
Parameter
	
Value

	Carrier Frequency
	800, 1800, and 2100 MHz

	RRH Railway track distance
	Few meters

	Distance between RRH
	3-4km, and 500m (Distance between RAUs), 

	RRH height (compared to railway track)
	6-8m



Table 2: Scenario 2 parameters

2.3 Scenario 3

Scenario 3 [Telecom Italia]: 

Outdoor eNB installed through the railway on same frequencies as public network coverage. Repeaters are installed on the carriage and distribute signal inside the carriage through leaky cables.

	
Parameter
	
Value

	Carrier Frequency
	800 and 1800 MHz

	eNB Railway track distance
	Few meters

	Distance between eNB
	4-6km

	eNB height (compared to railway track)
	20-30m for public network coverage
18-24m for railway coverage



Table 3: Scenario 3 parameters
2.4 Scenario 4

Scenario 4 [Orange, NTT DoCoMo]: Outdoor eNB installed through the railway on same frequencies as public network coverage.

	
Parameter
	
Value

	Carrier Frequency
	800, 2600MHz, 1800 MHz and 2100MHz

	eNB Railway track distance
	50-500m

	Distance between eNB
	3-6km, and 1-3km

	eNB height
	20-30m 



Table 4: Scenario 4 parameters
2.5 Existing BS HST requirements and model
There are two existing scenarios in 3GPP. They are Scenario 1, for Open space and Scenario 3, Tunnel for multi-antennas. The parameters
[image: image1.wmf]2

s

D

 is the initial distance of the train from BS, and 
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 is BS-Railway track distance, both in meters.

	 Parameter
	Value

	
	Scenario 1
	Scenario 3
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	1000 m
	300 m
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	50 m
	2 m
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	350 km/h
	300 km/h
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Table 5: Parameters for high speed train conditions (TS 36.104 Table B.3-1)


The Doppler shift is proportional to the velocity of the UE and to the carrier frequency. Since the UE synchronizes to a Doppler shifted signal in downlink, the Doppler shift in uplink will be roughly doubled. 

Note that the fd in table 5 (B.3-1) was derived from band 1. In [3] a target frequency of 2.7 GHz (band 7) is assumed. That would result in a Doppler shift fd  of, for Scenario 1 350 km/h:
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The Doppler frequency trajectories for scenario 1 and 3 (and 1) can be found in figures 1 and 2 below.
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Figure 1: Doppler shift trajectory for scenario 1 (TS 36.104 Figure B.3-1)
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Figure 2: Doppler shift trajectory for scenario 3 (TS 36.104 Figure B.3-2)
2.6 Analysis

Scenarios 1 and 2 are Remote Radio Head (RRH) scenarios. The UL becomes a one to many RX channel. Each RRH can be equipped with RX diversity locally and the Base Band Unit (BBU) can, in turn, combine the signals from several RRH. This is, for instance, presented in [4] and their figure, quoted below:
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Figure 3: Dedicated high speed train scenario (Figure 1 from R4-150554 CMCC [4])


In general in our networks, the uplink coverage is more challenging than downlink due to imbalance in power between the RBS and the UE.
For the HST scenarios in this contribution, the addition of several RRHs in the vicinity of the UE makes the DL more challenging due to that the received antenna signals may have contributions with very different Doppler shifts, whereas in uplink, each receive antenna signal is likely to have only one dominating Doppler shift, and therefore is more easily handled with diversity combining schemes. This will enable the BS to exploit diversity gain which will create better margins compared to the DL. This will make the DL more challenging for these scenarios compared to the UL.
Scenarios 3 and 4 are all outdoor eNB scenarios with parameters Ds (500-2500 m) and 
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(a few meters to 50-500 m) in the same range as TS 36.104 Scenario 1 and TS 36.104 scenario 3, Ds (300-1000 m) and 
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(2-50 m). One can deduce that the existing scenarios in TS 36.104 Annex B are good model for these cases. 


We therefor propose:

Proposal 1: Give priority to DL channel models and requirements given that the DL is a more challenging environment.
3 Conclusion


Scenarios 1 and 2 have RRUs which can be effectively diversity combined at the BS BBU. This makes the DL more challenging compared to the UL for these scenarios. Scenarios 3 and 4 are all outdoor eNB scenarios. One can deduce that the existing scenarios in TS 36.104 Annex B are good model for these cases.
Proposal 1: Give priority to DL channel models and requirements given that the DL is a more challenging environment.
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