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1 Introduction
The high speed scenarios were discussed in the last RAN4#74 meeting [1]. To collect the detailed scenario description and corresponding parameters, an email discussion is triggered after the meeting [2]. Based on the input provided by the interested companies, some high speed scenarios are identified. 
In this contribution, the channel models for RRH based high speed scenario where RRHs are connected to one BBU with fiber and multiple RRUs shares the same cell ID are analyzed. Hereinafter the scenarios are called SFN scenarios.
2 Discussion                
2.1 Identified SFN scenario
Based on the input from interested companies, two kinds of SFN scenarios are identified.
· Open space SFN scenario

· RRHs are connected to one BBU with fiber 
· Multiple RRUs share the same cell ID

Table 2.1-1: Parameters for Scenario 1 (proposed by CMCC)
	Parameter 
	Value 

	Carrier Frequency 
	2.6GHz

	RRH Railway track distance 
	Closest: 50m, farthest: 300m

	Distance between RRH 
	1km

	Cell ISD 
	Maximum: 6km (6 RRHs connect to 1 BBU)

Minimum: 2km (2 RRHs connect to 1 BBU)

	RRH height (compared to railway track) 
	Lowest position: 15m


Table 2.1-2: Parameters for Scenario 1 (proposed by ChinaUnicom)

	Parameter 
	Value 

	Carrier Frequency 
	1800MHz & 2100MHz

	RRH Railway track distance 
	Maximum: 600m

Minimum: 100m

	Distance between RRH 
	Maximum: 2km

Minimum: 1km

	Cell ISD 
	Maximum: 6km (6 RRHs connect to 1 BBU)

Minimum: 2km (2 RRHs connect to 1 BBU)

	RRH height (compared to railway track) 
	30m


· Tunnel SFN scenario

· RRHs or RAUs is deployed through fiber in tunnel environment
· RRHs or RAUs share the same cell id
Table 2.1-3: Parameters for Scenario 2 (proposed by NTT DOCOMO)
	Parameter 
	Value 

	Carrier Frequency 
	1800MHz and 2100MHz

	RRH Railway track distance 
	closest: 1m, farthest: 9m

	Distance between RRH 
	500m

	RRH height (compared to railway track) 
	lowest position: 2.5m


Table 2.1-4: Parameters for Scenario 2 (proposed by ITRI)

	Parameter 
	Value 

	Carrier Frequency 
	2.6G Hz

	RRH Railway track distance 
	4~5m

	Distance between RRH 
	3km

	Distance between RRU/RAU (inside tunnel)
	1km 

	RRH height (compared to railway track) 
	4~5m


2.2 SFN channel model
In the past discussion on tunnel for multi-antenna scenario, the channel model resembles with open space scenario with different deployment parameters. The reflectors and dispersions in tunnel environment are not taken into account. So in order to simplify the channel model, we suggest that in the first stage the channel model for tunnel SFN scenario could reuse the open space SFN scenario without considering reflectors and dispersion. Figure 1 shows the SFN deployments. 
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Figure 1 SFN scenario

Physical parameters:

1) 
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 is the initial distance of the train from RRH, where 
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 is the distance between two neighbour RRH. Assuming N RRHs share the same cell ID;
2) 
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 is RRH Railway track distance in meters;

3) 
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 is the velocity of the train in m/s;

4) 
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 is time in seconds.
· Doppler Shift

Maximum Doppler frequency:
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where f is carrier  frequency and c is light speed.
Doppler shift from nth-RRH is given by
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· Tap delay

SFN channel model looks like a multi-path channel, and each path is from each RRH. Tap delay is the received relative time difference from each tap to the first received tap.
The nth-tap delay is given as
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where assuming the first received path is from i-th RRH.
· Relative power
Taking free space propagation model as an example, the received power is inversely to distance n-times square assuming n=2. Relative power is inverse to distance square.

The nth-tap relative power is given as,
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2.3 Simulation results
Since some parameters provided for open space SFN and tunnel SFN scenario are a range, so we try to select the typical and representative parameters.

Table 2.3-1: Parameters for open space SFN scenario
	Parameter
	Value

	Carrier Frequency
	2.6GHz

	RRH Railway track distance
	300m 

	Distance between RRH
	1.5km

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


Table 2.3-2: Parameters for Tunnel SFN scenario
	Parameter
	Value

	Carrier Frequency
	2.6GHz

	RRH Railway track distance
	4m

	Distance between RRH
	500m

	Cell ISD
	4km (4 RRHs connect to 1 BBU); 


Based on the simulation parameters listed in Table 2.3-1 and 2.3-2, the Doppler shift trajectory and relative power results are shown in the following figures. Six taps of Doppler shift trajectory of open space SFN and tunnel SFN are separately shown in Figure.2 and 3. Relative power variation of different tap for open space SFN and tunnel SFN from UE perspective is shown in Figure 4 and 5.
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Figure 2. Doppler shift trajectory in open space SFN scenario
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Figure 3. Doppler shift trajectory in tunnel SFN scenario
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Figure 4 Relative received Power trajectory in open space SFN scenario
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Figure 5 Relative received Power trajectory in tunnel SFN scenario
From the simulation results and formula (2)(3)(4) it can be seen that Doppler shift, tap delay and relative power is time-variable. This is very different with existing channels which are used for performance evaluation. So we suggest that the SFN channel model shall be studied and the RRM and demodulation performance shall be evaluated under the new type channel. In the annex, the RRM requirements simulation assumptions including cell identification, RLM and RSRP / RSRQ accuracy are proposed as well.
Proposal 1: SFN channel model shall be studied and the RRM and demodulation performance shall be evaluated under the new type channel.
3 Conclusions
In this contribution, we provide the SFN channel model for high speed train scenario.
Proposal 1: SFN channel model shall be studied and the RRM and demodulation performance shall be evaluated under the new type channel.
In the annex, the RRM requirements simulation assumptions including cell identification, RLM and RSRP / RSRQ accuracy are proposed as well.
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Annex- simulation assumptions for RRM
1. RLM
The link simulations assumptions for out-of-sync and in-sync are shown in table A.1-1 and table A.1-2 respectively.
Table A.1-1: PDCCH/PCFICH transmission parameters for in-sync

	Attribute
	Value

	DCI format
	1C

	Bandwidth
	10 MHz

	Antenna configuration (two cases)
	1x2and 2x2

	Antenna correlation
	Low

	Channel model
	Open space SFN, tunnel SFN, AWGN, EVA 850 

	Aggregation level (CCE)
	4

	Control channel space
	2 symbols

	Ratio of PDCCH RE energy to average RS RE energy
	0 dB, for 1Tx
-3 dB, for 2Tx

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB, for 1Tx
1 dB, for 2Tx

	DRX
	OFF

	L1 evaluation period
	100 ms

	Note 1:
DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212.

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


Table A.1-2: PDCCH/PCFICH transmission parameters for out-of-sync

	Attribute
	Value

	DCI format
	1A

	Bandwidth
	10 MHz

	Antenna configuration (two cases)
	1x2and 2x2

	Antenna correlation
	Low

	Channel model
	Open space SFN, tunnel SFN, AWGN, EVA 850 

	Aggregation level (CCE)
	8

	Control channel space
	2 symbols

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB, for 1Tx
1 dB, for 2Tx

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB, for 1Tx
1 dB, for 2Tx

	DRX
	OFF

	L1 evaluation period
	200 ms

	Note 1:
DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212.

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


2. RSRP/RSRQ accuracy
The link simulations assumptions for RSRP and RSRQ are shown in Table A.2-1 and Table A.2-2 respectively.
Table A.2-1: Simulation parameters for measurement

	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	Both RSRP and RSSI measured over 6 RB

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms
	

	Measurement sampling rate
	-
	Implementation dependent

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2
	The receive diversity rule as defined in TS 36.214. Both antennas with equal gain, no correlation between them.

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions
	Baseline: AWGN, EVA850, Open space SFN, tunnel SFN

	AWGN for alignment purposes

	CP Length
	Normal
	

	Frequency band
	2.6 GHz
	

	Ês/Iot
	-8 to +3 dB
	To be varied


3. Cell identification
Simulation assumption for cell identification as given in Table A.3-1, A.3-2, A.3-3 and A.3-4.
Table A.3-1: Link Simulation Parameters for cell identification
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1
	Channel 1

	Carrier frequency
	GHz
	2.6 GHz
	2.6 GHz
	2.6 GHz

	Data and Control PSD relative to RS PSD
	dB
	0
	0
	0

	PSS and SSS PSD relative to RS PSD
	dB
	0
	0
	0

	Number of RB’s
	
	6
	6
	6

	Uplink-downlink configuration
	
	2
	2
	2

	Special subframe configuration
	
	6
	6
	6

	RB Utilization
	%
	100
	100
	100

	Data Modulation
	-
	QPSK
	QPSK
	QPSK

	Frame Structure Type
	-
	1 (FDD)
	1 (FDD)
	1 (FDD)

	CP Length
	-
	Normal
	Normal
	Normal

	DRX
	
	OFF
	OFF
	OFF

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0
	0

	Relative Delay of 1st Path 
	μs
	0
	0
	synchronous :CP/2
Asynchronous:3ms

	Es/Noc
	dB
	5.18
	0.29
	Test 1:  1.25

Test 2:  0.25

Test 3:  -0.75

	Number of Tx antennas
	-
	1
	1
	1

	PSS Sequence ID
	-
	See Table A.3-3, Table A.3-4
	See Table A.3-3, Table A.3-4
	See Table A.3-3, Table A.3-4

	SSS Sequence ID
	-
	See Table A.3-3, Table A.3-4
	See Table A.3-3, Table A.3-4
	See Table A.3-3, Table A.3-4

	Propagation Condition
	-
	AWGN, EVA850, Open space SFN, tunnel SFN

	Noise Model
	-
	AWGN

	NOTE :
Noc value doesn’t include the three simulated eNB signals’ power


Table A.3-2: Other simulation assumption parameters for cell identification

	Simulation parameters
	Comments/values

	Prior knowledge of Cell 1 and Cell 2 by the UE
	Yes

	Cell 1, 2, 3 carrier frequency
	Same

	False detect threshold 
	Required as in a real UE implementation

	UE having apriori knowledge of system being synchronous or asynchronous
	No

	Performance criterion for comparison
	90th percentile acquisition time for “correct” cell detection of both PSS and SSS sequence ID’s.

	CP length detection
	Both short or long CP may be present, hence UE needs to detect CP length

	Number of receive antennas
	2


Table A.3-3: Cell ID Combinations to be simulated

	case #
	Cell 3

(Desired Cell)
	Cell 1

(Interferer 1)
	Cell 2

(Interferer 2)
	Scenario

	1
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	2
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	3
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	4
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	5
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	6
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	7
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	8
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous


Table A.3-4: PSC, SSC indices for simulations

	Label
	Code index
	Cell group index 

	psc1
	29
	-

	psc2
	25
	-

	psc3
	34
	-

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc2a, ssc2b)
	(10, 12)
	40

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65








_1482908497.unknown

_1490166889.unknown

_1490167224.unknown

_1484395779.vsd
�

ISD = N*Ds


0.5Ds


Ds


Ds


0.5Ds


...


RRU1


RRU2


RRUN-1


RRUN


BBU1


...


RRU1


RRU2


RRUN-1


RRUN


BBU2


ISD = N*Ds


0.5Ds


ISD = N*Ds


0.5Ds


Ds


Ds


Initial position


Tap1


Tap2


TapN-1


TapN


Dmin



_1233728827.unknown

_1482579992.unknown

_1482908415.unknown

_1233729016.unknown

_1233728010.unknown

_1233728065.unknown

