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1 Introduction

Two configurations of SFN deployments for high-speed train operation have been discussed during the recent meetings: Bidirectional and Unidirectional RRH configurations. Currently the term SFN is used in the technical report 36.878 [1] when referring to the Bidirectional RRH arrangement. In order to avoid confusion it is proposed to clarify the configuration for which the channel model and the results apply by replacing SFN by Bidirectional SFN in sections 6.2.3.1, 6.3.1.1, 6.3.2.1, 6.4, 6.4.1, 6.4.2, 6.5.2.1 and 6.5.2.3.
A text proposal is provided below.
2 Text Proposal
<Unchanged sections omitted>

<First modified section>

6.2.3
Possible new channel models
6.2.3.1
Bidirectional SFN scenario (RRH sharing the same cell id)

Doppler shift, tap delay and relative power of the SFN channel model with bidirectional RRH arrangement are time-variable. A 2-tap channel is the baseline.
· Doppler Shift
RRHs are deployed along the railway in sequential order. Path 1 denotes the path from even RRH and path 2 denotes the path from odd RRH. Doppler shifts of two paths are given by:
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Where 
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 is the maximum Doppler frequency. The cosine of angle 
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 where 
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 is the distance between two neighbour RRH; 
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 is RRH Railway track distance in meters; 
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 is the velocity of the train in m/s; 
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 is time in seconds.

Doppler shift and cosine angle are given by equation 6.2.3.1-1, 6.2.3.1-2, 6.2.3.1-3 and 6.2.3.1-4, where the required parameters are listed in table 6.2.3.1-1 and table 6.2.3.1-2, according to which the resulting Doppler shift is shown in Figure 6.2.3.1-1 and Figure 6.2.3.1-2, respectively.
Table 6.2.3.1-1: Parameters for Bidirectional SFN scenarios
	Parameter
	Value
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Table 6.2.3.1-2: Parameters for Bidirectional SFN scenarios
	Parameter
	Value
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Figure 6.2.3.1-1: Doppler shift trajectory for Bidirectional SFN scenario for Table 6.2.3.1-1
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Figure 6.2.3.1-2: Doppler shift trajectory for Bidirectional SFN scenario for Table 6.2.3.1-2
· Relative power
Signal power received by the UE for each path is given by,
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Note that 
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 are normalized to the instantaneous total received power.
· Tap delay

Time delay of two taps are given by
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<Unchanged sections omitted>

<Second modified section>

6.3.1
Simulation assumptions
<Text will be added.>
6.3.1.1
Bidirectional SFN scenarios
6.3.1.1.1
RLM
The link simulations assumptions for out-of-sync and in-sync are shown in table 6.3.1.1.1-1 and table 6.3.1.1.1-2 respectively.
Table 6.3.1.1.1-1: PDCCH/PCFICH transmission parameters for in-sync

	Attribute
	Value

	DCI format
	1C

	Bandwidth
	10 MHz

	Antenna configuration (two cases)
	1x2 and 2x2

	Antenna correlation
	Low

	Channel model
	AWGN, EVA[875], Bidirectional SFN

	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 6.3.1.1.1-2: PDCCH/PCFICH transmission parameters for out-of-sync

	Attribute
	Value

	DCI format
	1A

	Bandwidth
	10 MHz

	Antenna configuration (two cases)
	1x2 and 2x2

	Antenna correlation
	Low

	Channel model
	AWGN, EVA[875], Bidirectional SFN

	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.


6.3.1.1.2
RSRP/RSRQ accuracy
The link simulations assumptions for RSRP and RSRQ are shown in Table 6.3.1.1.2-1.
Table 6.3.1.1.2-1: 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, EVA[875], SFN
	AWGN for alignment purposes

	CP Length
	Normal
	

	Frequency band
	2.7 GHz
	

	Ês/Iot
	-8 to +3 dB
	To be varied


<Unchanged sections omitted>

<Third modified section>
6.3.2
Performance characterization
6.3.2.1
Bidirectional SFN scenarios
In this clause the RLM and measurement accuracy performance are evaluated based on the simulation assumptions in clause 6.3.1. Assuming carrier frequency is 2.7GHz and UE velocity is 350km/h, the corresponding Maximum Doppler shift (
[image: image27.wmf]d

f

) is 875Hz.
6.3.2.1.1
RLM
6.3.2.1.1.1
Simulation results
· RLM results without enhanced algorithms
Table 6.3.2.1.1.1-1 and Table provide the simulation results for RLM for 2 set parameters specified in Table 6.2.3.1-1 and Table 6.2.3.1-2 respectively. No enhancement is assumed in UE side. 
Table 6.3.2.1.1.1-1: PDCCH performance in Bidirectional SFN (Huawei) [R4-154766]
	Parameters defined in Table 6.2.3.1-1
	Parameters defined in Table 6.2.3.1-2
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SNR values of Qout and Qin for both parameters are showed in Table6.3.2.1.1.1-2.
Table 6.3.2.1.1.1-2: SNR value of Qin/Qout (Unit: dB) (Huawei) [R4-154766]
	Antenna configuration
	Verification point
	Bidirectional SFN Channel Model

	
	
	Parameters defined in Table 6.2.3.1-1
	Parameters defined in Table 6.2.3.1-1

	1x2
	Qout
	-9.12
	-9.25

	
	Qin
	-2.96
	-2.19

	2x2
	Qout
	-9.17
	-9.16

	
	Qin
	-2.91
	-2.26


6.3.2.1.1.2
Summary

Based on simulation results (from Huawei), PDCCH performance in Bidirectional SFN channel has degradation compared with ETU70 in Rel-8.
6.3.2.1.2
RSRP/RSRQ accuracy

6.3.2.1.2.1
Simulation results
Table xxx and Table xxx provide the simulation results for RSRP and RSRQ accuracy for AWGN, EVA 875 and SFN with 2 set parameters specified in Table 6.2.3.1-1 and Table 6.2.3.1-2. 

Table 6.3.2.1.2.1-1: RSRP/ RSRQ accuracy under AWGN (Huawei) [R4-154768]

	SNR (dB)
	AWGN RSRP accuracy
	AWGN RSRQ accuracy

	
	5%
	50%
	95%
	relative
	5%
	50%
	95%

	-8
	-1.51
	0.88
	2.51
	-2.39
	-1.53
	0.89
	2.47

	-7
	-1.2
	0.67
	2.06
	-1.87
	-1.18
	0.65
	2.02

	-6
	-1
	0.59
	1.84
	-1.59
	-0.99
	0.57
	1.82

	-5
	-0.82
	0.48
	1.68
	-1.3
	-0.76
	0.45
	1.66

	-4
	-0.69
	0.43
	1.45
	-1.12
	-0.64
	0.43
	1.39

	-3
	-0.55
	0.38
	1.13
	-0.93
	-0.53
	0.37
	1.14

	-2
	-0.51
	0.31
	1.04
	-0.82
	-0.48
	0.31
	0.99

	-1
	-0.44
	0.28
	0.93
	-0.72
	-0.42
	0.26
	0.89

	0
	-0.33
	0.24
	0.77
	-0.57
	-0.32
	0.23
	0.72

	1
	-0.31
	0.21
	0.73
	-0.52
	-0.29
	0.2
	0.7

	2
	-0.27
	0.19
	0.65
	-0.46
	-0.25
	0.19
	0.6

	3
	-0.24
	0.15
	0.56
	-0.41
	-0.24
	0.13
	0.52


Table 6.3.2.1.2.1-2: RSRP/ RSRQ accuracy under EVA875 (Huawei) [R4-154768]

	SNR (dB)
	EVA875 RSRP accuracy
	EVA875 RSRQ accuracy

	
	5%
	50%
	95%
	relative
	5%
	50%
	95%

	-8
	-2.17
	0.28
	2.11
	-2.45
	-2.01
	0.32
	2.17

	-7
	-2.03
	0.18
	1.76
	-2.21
	-2.06
	0.24
	1.75

	-6
	-1.59
	0.1
	1.58
	-1.69
	-1.61
	0.14
	1.58

	-5
	-1.5
	-0.02
	1.29
	-1.48
	-1.39
	0.01
	1.28

	-4
	-1.35
	-0.05
	1.05
	-1.3
	-1.23
	-0.04
	1.06

	-3
	-1.08
	-0.04
	0.93
	-1.04
	-1.03
	-0.02
	0.92

	-2
	-1.01
	-0.1
	0.75
	-0.91
	-0.93
	-0.07
	0.86

	-1
	-0.94
	-0.11
	0.62
	-0.83
	-0.81
	-0.07
	0.6

	0
	-0.81
	-0.11
	0.54
	-0.7
	-0.77
	-0.09
	0.53

	1
	-0.74
	-0.12
	0.44
	-0.62
	-0.64
	-0.09
	0.46

	2
	-0.66
	-0.13
	0.34
	-0.53
	-0.61
	-0.12
	0.35

	3
	-0.6
	-0.15
	0.28
	-0.45
	-0.56
	-0.13
	0.28


Table 6.3.2.1.2.1-3: RSRP/ RSRQ accuracy under Bidirectional SFN with Parameters defined in Table 6.2.3.1-1 (Huawei) [R4-154768]

	SFN Ds=1000m, Dmin=10m

	SNR (dB)
	RSRP accuracy
	RSRQ accuracy

	
	5%
	50%
	95%
	relative
	5%
	50%
	95%

	-8
	-1.64
	0.78
	2.42
	-2.42
	-1.61
	0.73
	2.4

	-7
	-1.07
	0.72
	2.22
	-1.79
	-1.04
	0.72
	2.14

	-6
	-1.23
	0.55
	1.8
	-1.78
	-1.23
	0.51
	1.78

	-5
	-0.87
	0.48
	1.63
	-1.35
	-0.83
	0.48
	1.6

	-4
	-0.73
	0.44
	1.36
	-1.17
	-0.7
	0.42
	1.36

	-3
	-0.5
	0.39
	1.24
	-0.89
	-0.52
	0.37
	1.18

	-2
	-0.51
	0.34
	1.12
	-0.85
	-0.5
	0.32
	1.07

	-1
	-0.44
	0.27
	0.87
	-0.71
	-0.4
	0.25
	0.85

	0
	-0.33
	0.22
	0.82
	-0.6
	-0.32
	0.22
	0.79

	1
	-0.33
	0.21
	0.68
	-0.54
	-0.31
	0.21
	0.65

	2
	-0.3
	0.17
	0.63
	-0.47
	-0.26
	0.15
	0.62

	3
	-0.23
	0.18
	0.55
	-0.41
	-0.2
	0.16
	0.51


Table 6.3.2.1.2.1-4: RSRP/ RSRQ accuracy under Bidirectional SFN with Parameters defined in Table 6.2.3.1-2 (Huawei) [R4-154768]

	SFN Ds=500m, Dmin=5m

	SNR (dB)
	RSRP accuracy
	RSRQ accuracy

	
	5%
	50%
	95%
	relative
	5%
	50%
	95%

	-8
	-1.39
	0.86
	2.55
	-2.25
	-1.42
	0.87
	2.49

	-7
	-1.28
	0.70
	2.13
	-1.98
	-1.24
	0.71
	2.11

	-6
	-0.99
	0.52
	1.85
	-1.51
	-0.98
	0.53
	1.81

	-5
	-0.8
	0.5
	1.61
	-1.3
	-0.76
	0.48
	1.61

	-4
	-0.72
	0.4
	1.41
	-1.12
	-0.7
	0.37
	1.4

	-3
	-0.59
	0.37
	1.17
	-0.96
	-0.6
	0.35
	1.13

	-2
	-0.45
	0.34
	1.05
	-0.79
	-0.41
	0.32
	1

	-1
	-0.36
	0.28
	0.91
	-0.64
	-0.37
	0.27
	0.87

	0
	-0.39
	0.21
	0.85
	-0.64
	-0.38
	0.21
	0.82

	1
	-0.33
	0.19
	0.7
	-0.52
	-0.3
	0.2
	0.65

	2
	-0.3
	0.17
	0.62
	-0.47
	-0.27
	0.16
	0.58

	3
	-0.25
	0.16
	0.55
	-0.41
	-0.23
	0.16
	0.52


Table 6.3.2.1.2.1-5: RSRP measurement accuracy [Intel: R4-154156]

	Propagation conditions
	Reference SNR(dB)
	5%
	50%
	95%
	Absolute accuracy
	Relative accuracy

	HST_SFN
	-6
	-0.73
	0.78
	2.3
	[-0.73, 2.3]
	[-1.51, 1.52]

	EVA875
	-6
	-2.0
	-0.25
	1.6
	[-2.2, 1.6]
	[-1.95, 1.85]

	AWGN
	-6
	-0.82
	0.83
	2.3
	[-0.82, 2.3]
	[-1.65,1.47]


Table 6.3.2.1.2.1-6: RSRQ measurement accuracy [Intel: R4-154156]

	Propagation conditions
	Reference SNR(dB)
	5%
	50%
	95%
	Absolute accuracy
	Relative accuracy

	HST_SFN
	-3
	-1.2
	0
	1.3
	[-1.2, 1.3]
	[-1.2, 1.3]

	EVA875
	-3
	-2.1
	-0.65
	0.63
	[-2.3, 0.63]
	[-1.65, 1.28]

	AWGN
	-3
	-0.95
	0.1
	1.4
	[-0.95, 1.4]
	[-1.1, 1.3]


Table 6.3.2.1.2.1-7: Absolute RSRP measurement results [CATT: R4-154404]

	Propagation

condition
	
	-8dB
	-6dB
	-3dB
	0dB
	3dB

	AWGN
	5%-tile
	0.6001
	-0.0006
	-0.212
	-0.1824
	-0.13

	
	95%-tile
	2.3142
	1.5018
	0.8675
	0.5531
	0.3591

	
	Absolute accuracy
	2.3142
	1.5018
	0.8675
	0.5531
	0.3591

	
	Relative accuracy
	0.9031
	0.7766
	0.5506
	0.3984
	0.2721

	EVA875
	5%-tile
	0.5782
	-0.1398
	-0.5518
	-0.5880
	-0.616

	
	95%-tile
	2.4434
	1.7682
	1.2584
	1.1038
	1.0616

	
	Absolute accuracy
	2.4434
	1.7682
	1.2584
	1.1038
	1.0616

	
	Relative accuracy
	1.0012
	1.0276
	0.9342
	0.8837
	0.8551

	SFN
	5%-tile
	0.5981
	-0.0318
	-0.3285
	-0.3495
	-0.2997

	
	95%-tile
	2.1098
	1.3206
	0.6980
	0.3920
	0.2242

	
	Absolute accuracy
	2.1098
	1.3206
	0.6980
	0.3920
	0.2997

	
	Relative accuracy
	0.8345
	0.7162
	0.5374
	0.3824
	0.2703


Table 6.3.2.1.2.1-8: Absolute RSRQ measurement results [CATT: R4-154404]

	Propagation

condition
	
	-8dB
	-6dB
	-3dB
	0dB
	3dB

	AWGN
	5%-tile
	0.6411
	0.0176
	-0.1915
	-0.1769
	-0.1258

	
	95%-tile
	2.2473
	1.455
	0.8458
	0.5055
	0.3333

	
	Absolute accuracy
	2.2473
	1.455
	0.8458
	0.5055
	0.3333

	
	Relative accuracy
	0.8376
	0.7573
	0.5399
	0.3492
	0.2379

	EVA875
	5%-tile
	0.6298
	-0.1609
	-0.6258
	-0.5811
	-0.5226

	
	95%-tile
	2.3299
	1.4889
	0.7904
	0.3898
	0.1710

	
	Absolute accuracy
	2.3299
	1.4889
	0.7904
	0.5811
	0.5266

	
	Relative accuracy
	0.9163
	0.9041
	0.7540
	0.4939
	0.3479

	SFN
	5%-tile
	0.5857
	-0.0324
	-0.3435
	-0.3405
	-0.2995

	
	95%-tile
	2.1071
	1.3
	0.6718
	0.3632
	0.2006

	
	Absolute accuracy
	2.1071
	1.3
	0.6718
	0.3632
	0.2995

	
	Relative accuracy
	0.8277
	0.7153
	0.5401
	0.3688
	0.2637


Table 6.3.2.1.2.1-9: Absolute RSRP measurement results [Samsung: R4-154449]

	Channel
	SNR(dB)
	Absolute RSRP accuracy

	
	
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy

	AWGN
	-8
	-0.8
	1.6
	3.1
	3.9
	3.1

	
	-6
	-0.2
	1.2
	2.4
	2.6
	2.4

	
	-3
	-0.1
	0.8
	1.6
	1.7
	1.6

	
	0
	0
	0.5
	1.1
	1.1
	1.1

	
	3
	0
	0.4
	0.8
	0.8
	0.8

	EVA 875Hz
	-8
	-2.1
	0.8
	2.6
	4.7
	2.6

	
	-6
	-1.3
	0.5
	1.9
	3.2
	1.9

	
	-3
	-0.9
	0.2
	1.1
	2
	1.1

	
	0
	-0.7
	0
	0.7
	1.3
	0.7

	
	3
	-0.5
	0
	0.4
	0.9
	0.5

	SFN 2 Tap
	-8
	-1.1
	1.5
	3.1
	4.2
	3.1

	
	-6
	-0.4
	1.2
	2.3
	2.7
	2.3

	
	-3
	-0.2
	0.7
	1.5
	1.7
	1.5

	
	0
	-0.2
	0.4
	1
	1.2
	1

	
	3
	-0.2
	0.3
	0.7
	0.9
	0.7


Table 6.3.2.1.2.1-10: RSRP measurement results [ZTE: R4-154712]

	Delta RSRP
	5%
	95%
	Relative Accuracy
	Absolute Accuracy

(50%)

	Channel
	SNR(dB)
	
	
	
	

	SFN Set1　　1000m


	-8
	0.5960
	3.1229
	±1.2635
	1.9178

	
	-6
	-0.0892
	2.1039
	±1.0966
	1.0281

	
	-3
	-0.5147
	1.2244
	±0.8696
	0.3499

	
	0
	-0.5352
	0.7350
	±0.6351
	0.0956

	
	3
	-0.4742
	0.4666
	±0.4704,
	0.0155

	SFN

Set2

500m
	-8
	0.3057
	3.0810
	±1.3876
	1.7621

	
	-6
	-0.1413
	2.1200
	±1.1306
	0.9789

	
	-3
	-0.3720
	1.2001
	±0.7860
	0.3994

	
	0
	-0.3836
	0.7159
	±0.5498
	0.1811

	
	3
	-0.303
	0.4483
	±0.3757
	0.0838


Table 6.3.2.1.2.1-11: RSRQ measurement results [ZTE: R4-154712]

	Delta RSRQ
	5%
	95%
	Relative Accuracy
	Absolute Accuracy

(50%)

	Channel
	SNR(dB)
	
	
	
	

	SFN Set1
	-8
	0.5725
	3.1153
	±1.2714
	1.9135

	
	-6
	-0.0812
	2.1169
	±1.0991
	1.0225

	
	-3
	-0.5140
	1.2199
	±0.8669
	0.3439

	
	0
	-0.5211
	0.7385
	±0.6298
	0.0902

	
	3
	-0.4717
	0.4661
	±0.4689
	0.0205

	SFN Set2
	-8
	0.3197
	3.0740
	±1.3772
	1.7611

	
	-6
	-0.1436
	2.1119
	±1.1278
	0.9769

	
	-3
	-0.3705
	1.1956
	±0.7830
	0.3949

	
	0
	-0.3824
	0.7242
	±0.5533
	0.1764

	
	3
	-0.2933
	0.4476
	±0.3704
	0.0801


6.3.2.1.2.1
Summary

Summary in this section is based on the link level simulation and conclusions from interested companies. 
· The ideal RSRP and RSRQ are defined as the signal power under AWGN channel. RSRP excludes noise and RSRQ, RSSI includes noise.

· For RSRP/RSRQ measurement accuracy requirements under Bidirectional SFN scenarios, the current requirements in high Doppler conditions defined in TS 36.133 could be reused.
<Unchanged sections omitted>

<Fourth modified section>

6.4
UE Demodulation requirements enhancements under identified high speed scenarios
In this section the UE demodulation performances will be evaluated under the Bidirectional SFN scenario which corresponds to Scenario 1 and 2d, and under the scenario of leaky cable in tunnel which corresponds to the 1st hop of scenario 2c where the repeater without the frequency correction functionality.
6.4.1
Simulation assumptions
In order to evaluation the UE demodulation performance under the new scenario, the link level simulations under both Bidirectional SFN channel model and leaky cable channel model (which is for the channel from leaky cable to repeater in tunnel) will be conducted. The detailed assumptions for the simulation are given in Table 6.4.1-1 and Table 6.4.1-2. The purpose is to investigate the impact of new channel model on the performance of time and frequency tracking and channel estimation. Because the PDSCH duration is relatively long and the PDSCH performance is more subject to Doppler shift compared to the other physical channels. So it is proposed to focus on the evaluation of the PDSCH performance under the new channel models.
Table 6.4.1-1 is the simulation assumptions for the link adaptation evaluation. And Table 6.4.1-2 is the simulation assumptions for fixed MCS evaluation. The simulations corresponding to Table 6.4.1-1 and Table 6.4.1-2 are just for performance evaluation.
Table 6.4.1-1: Simulation assumptions for UE demodulation performance evaluation under the new high speed train scenario (Link adaptation)
	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10

	Duplex mode
	
	FDD

	MCS
	
	Link adaptation with OLLA
PUCCH 1-0 periodic CQI feedback mode

	Propagation condition and correlation matrix
	SFN
	
	Dynamic Bidirectional SFN channel as specified in 6.2.3.1: 

· Doppler shift, relative time delay and relative power change with time;

· Static channel matrix as defined in B.1 in 36.101;

· Velocity of train: 

· Option 1: 350km/h

· Option 2: 30km/h (75Hz)as baseline for performance comparison 

	
	Leaky cable
	
	Channel for leaky cable to repeater in Tunnel as specified in 6.2.3.2

The performance under AWGN is provided for performance comparison

	Antenna configuration
	
	2x2

	Transmission mode
	
	TM3

	Reference receiver
	
	MMSE-IRC

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical


Table 6.4.1-2: Simulation assumptions for UE demodulation performance evaluation under the new high speed train scenario (fixed MCS)
	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10

	Duplex mode
	
	FDD

	MCS
	
	MCS#19 (R.35-4 FDD)

	Propagation condition and correlation matrix
	SFN
	
	Dynamic Bidirectional SFN channel as specified in 6.2.3.1:

· Doppler shift, relative time delay and relative power change with time;

· Static channel matrix as defined in B.1 in 36.101;

· Velocity of train: 

· Option 1: 350km/h

· Option 2: 30km/h (75Hz)as baseline for performance comparison 

	
	Leaky cable
	
	Channel for leaky cable to repeater in Tunnel as specified in 6.2.3.2

· The performance under AWGN is provided for performance comparison

	Antenna configuration
	
	2x2

	Transmission mode
	
	TM3

	Reference receiver
	
	MMSE-IRC

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical


To compare the link level performances under the new high speed train scenarios, two optional velocities are assumed in Table 6.4.1-1 and Table 6.4.1-2. The simulation results for both shall be provided.
6.4.2
Performance characterization
6.4.2.1
Bidirectional SFN scenario (RRH sharing the same cell id)

The simulation results of PDSCH under Bidirectional SFN scenario according to the simulation assumptions in 6.4.1 are captured in Figure 6.4.2.1-1 to 6.4.2.1-4.Comparing the simulation results under 350km/h and 30km/h, the significant performance gap is observed by using the legacy UE.
[image: image30.emf]0 5 10 15 20 25 30

0

5

10

15

20

25

30

35

40

45

50

55

SNR (dB)

Throughput (Mbps)

 

 

350km/h modified legacy UE

350km/h HeUE

30km/h legacy UE


(a)Link adaptive simulation results
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(b)Fixed MCS simulation results
Figure 6.4.2.1-1 PDSCH simulation results Huawei, HiSilicon [R4-155657]
[image: image32.png]Throughput(Mbps)

SFN scenarios

55

w
o

w

N
o

—SFN75
— SFN875|
—EVAT5

16 18 20 22 24
SNR(dB)




(a) Link adaptive simulation results
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(b) Fixed MCS simulation results
Figure 6.4.2.1-2 PDSCH simulation results CATT [R4-155454]
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(a) Throughput under link adapation with OLLA
[image: image35.png]12
1

08
06 —e—30km/h (75Hz)
04
—e—350km/h
0.2 (850Hz)
0

2 4 6 8 10 12 14 16 18 20
SNR(dB)




(b) Throughput under MCS 14
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(c) Throughput under MCS 19
Figure 6.4.2.1-3 PDSCH simulation results CMCC [R4-155978]
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(a) Simulation results of the legacy receiver with link adaption and distance between radio heads is 1000m. 
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(b) Simulation results of the legacy receiver with link adaption and distance between radio heads is 500m. 
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(c) Simulation results of the legacy receiver with fixed MCS=19 and distance between radio heads is 1000m
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(d) Simulation results of the legacy receiver with fixed MCS=19 and distance between radio heads is 500m

Figure 6.4.2.1-4 PDSCH simulation results Ericsson [R4-156001]
6.4.2.2
Leaky cable in tunnel
The simulation result of PDSCH under leaky cable scenario according to the simulation assumptions in 6.4.1 is captured in Figure 6.4.2.2-1.
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(a) Link adaptation performance
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(b) Fixed MCS performance
Figure 6.4.2.2-1 PDSCH simulation results under the channel model for leaky cable in tunnel, Huawei, HiSilicon (R4-155662)
6.4.2.3
Summary of evaluation
· Bidirectional SFN scenario

Based on the observation in 6.4.2.1, the significant performance gap is observed under 350km/h and 30km/h in the identified scenario. So the performance enhancement needs to be considered.
· Leaky cable scenario

To guarantee the UE demodulation performance under the leaky cable channel specified in 6.2.3 would not be challenging. There is no need to introduce the new demodulation performance requirement for the scenario of the leaky cable in tunnel.
<Unchanged sections omitted>

<Fifth modified section>

6.5.2.1
Bidirectional SFN scenario (RRH sharing the same cell id)

6.5.2.1.1
PUSCH/PUCCH analysis
The key to guarantee the BS demodulation performance in the high speed scenario is to correctly conduct the Doppler frequency tracking. To improve the BS demodulation performance for Bidirectional SFN scenario, it is desirable for BS to separately estimate the Doppler shift and compensate it for the received signal on each RRH separately.
The existing high speed train (HST) demodulation requirements in 8.2.3 of TS36.104, which verify the estimation and compensation of the Doppler shift in the dynamic channel model, could be applied to BS supporting Bidirectional SFN scenario.
6.5.2.1.2
PRACH analysis
The issue for PRACH under the high speed scenario is identified. The current cyclic shift restriction set defined in TS36.211 for high speed cells is limited to frequency offset within PRACH, i.e., +/-1.25KHz, the Doppler shift out of the range of [-1.25KHz, +1.25KHz] would cause the detection ambiguity. And this issue also exists in the existing high speed scenario. To avoid the detection ambiguity, the PRACH enhancement under the high speed scenario is needed.
In the following, the analyses from companies are captured.
In R4-155668, the issue of detection ambiguity is analyzed. Assuming 
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(b) 
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Figure 6.5.2.1.2-1: Cross-correlation function for the PRACH when the Doppler shift is beyond the range of [-1.25KHz, +1.25KHz]
6.5.2.1.2.1
PRACH Detection for Very High Speed Cells

Let us denote 
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 is within [-1.25KHz, +1.25KHz], the PRACH detection needs to be implement by using three detection windows [5, 6, 7], which correspond to the Zadoff-Chu sequences with the cyclic shifts 
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 is the cyclic shifts corresponding to the frequency shift of 1.25KHz for 
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When Doppler shifts exceed +/-1.25KHz, the absolute correlations between the received Zadoff-Chu sequence with frequency offsets in the range of [-2*1.25KHz, +2*1.25KHz] with the shifted Zadoff-Chu sequence corresponding to cyclic shifts of 
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 is shown in Figure 6.5.2.1.2.1-1.


[image: image61]
Figure 6.5.2.1.2.1-1. Correlation of Zadoff-Zhu sequence with frequency offset

As observed from Figure 6.5.2.1.2.1-1 that when the frequency offset exceeds the range of [-1.25KHz, +1. 25KHz], the PRACH maximum correlation will take place with the cyclic shifted ZC sequence with shifts of
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, which is outside of the three detection windows for frequency offset in the range of [-1.25KHz, +1. 25KHz]. Therefore, in order to support PRACH detection when frequency offset exceeds the range of [-1.25KHz, +1. 25KHz], additional detection widows need to be used.


[image: image63]
Figure 6.5.2.1.2.1-2. PRACH Detection with five detection windows for Frequency Offsets within [-2.5KHz, +2.5KHz]

In Figure 6.5.2.1.2.1-2, 
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denote the cyclic shift detection windows corresponding to the frequency offset of 
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. As long as the Doppler frequency offset is within [-2.5KHz, +2.5KHz], the maximum correlation between the received PRACH preamble and the reference PRACH preambles will take place in one of the detection windows, and thus the receiver should be able to catch the transmitted PRACH preamble.
In order to avoid detection ambiguity, the PRACH Detection with five detection windows should be used together with the new proposed restricted set of the cyclic shifts. Once the new proposed restricted set of the cyclic shifts is used, there will be no detection ambiguity, since regardless the maximum correlation value is detected by which detection window, the receiver knows the transmitted Zadoff-Chu sequence is
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, since UE will not transmit Zadoff-Chu sequence  with the cyclic shifts 
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, which were excluded from the new restricted set of the cyclic shifts. 

To have better performance in PRACH detection, at the receiver side, the received power delay profiles (PDPs) from these five detection windows can be combined to make the final PRACH detection decision.
6.5.2.1.2.2
Summary

When the Doppler frequency shift exceeds the range of exceeds the range of [-1.25KHz, +1.25KHz], a five detection windows, which corresponding to cyclic shifts of 
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 may be used together with the new proposed restricted set of the cyclic shifts for PRACH detection. The use of five detection windows allows the receiver to detect PRACH preambles when Doppler frequency up to [-2.5KHz, +2.5KHz]. The use of the new proposed restricted set of the cyclic shifts will avoid the detection ambiguity after PRACH preambles are detected. 
6.5.2.2
Leaky cable in tunnel
· PUSCH/PUCCH analysis
The simulation results of PUSCH and PUCCH under leaky cable scenario according to the simulation assumptions in 6.5.1 are captured in Figure 6.5.2.2-1 to 6.5.2.2-1. 
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(a) PUSCH simulation results
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(b) PUCCH simulation results

Figure 6.5.2.2-1: BS simulation results under leaky cable channel model, Huawei [R4-155665]
6.5.2.3
Summary of evaluation and analysis
· Bidirectional SFN scenario

The BS performance under Bidirectional SFN scenarios can be verified by the existing high speed train (HST) demodulation requirements in 8.2.3 of TS36.104. So there is no need to specify the new BS demodulation performance requirements for the Bidirectional SFN scenario.
For PRACH, the Doppler shift out of the range of [-1.25KHz, +1.25KHz] would cause the detection ambiguity. To avoid the detection ambiguity, the PRACH enhancement under the high speed scenario is needed.
· Leaky cable scenario

Due to the small Doppler shift, the leaky cable scenario would not be challenging for BS demodulation. It is proposed not to consider specifying the new BS demodulation performance requirements under the scenario of leaky cable in tunnel.
<Unchanged sections omitted>

3 References
[1] 3GPP TR 36.878 V1.1.0
Black line: Correlation between reference ZC sequence and received ZC sequence with frequency offset


Red/blue solid lines: Correlation between cyclic shifted ZC sequences (+/- du) and received ZC sequence with frequency offset


Red/blue dash lines: Correlation between cyclic shifted ZC sequences (+/- 2du) and received ZC sequence with frequency offset
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