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1 Introduction

In last RAN4 meeting, the channel model for leaky cable was discussed and a contribution [1] was agreed to introduce the channel model for leaky cable in tunnel. The RRM Simulation assumptions for leaky cable was also agreed in [2] for investigating RRM requirement in high speed scenarios. Based on the assumption, this contribution provides the simulation results of RLM, RSRP/RSRQ accuracy and cell identification.

2 Discussions
2.1 Simulation assumptions

In [1], the single tap delay line model was defined the for leaky cable scenario. The tap is Rician distributed, and the K-factor for the Rician distribution is 10dB, which means that the non-fading component power in the first tap is 10dB stronger than the power of the fading component. The parameters for leaky cable channel can be listed in Table 1.
Table 1: Leaky cable channel model
	Tap index
	Excess tap delay (ns)
	Relative power (dB)
	Distribution of amplitude per tap
	Doppler spectrum

	1
	0
	0.0
	Rician, K=10dB
	RICE, K=10dB, fshift=0, fmax = 30Hz 


For the RRM simulation assumptions for leaky cable, the important parameters for RLM, RSRP/RSRQ accuracy and cell identification are summarized respectively in [2].
2.2 Simulation results
2.2.1 RLM
By the link simulation, the PDCCH BLER simulation results under different channel models are shown in Figures 1- 3. For comparison purposes the PDCCH performance for ETU 70Hz channel is also plotted in Figure 4.
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Figure 1: PDCCH performance in AWGN
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Figure 2: PDCCH performance in EVA 875Hz
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Figure 3: PDCCH performance in leaky cable
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Figure 4: PDCCH performance in ETU 70Hz
Based on figures 1-4, the SNR values of Qout and Qin in different channel are showed in the Table 2.
Table 2: SNR value of Qin/Qout (Unit: dB)
	Antenna configuration
	Verification point
	Channel Model

	
	
	AWGN
	EVA 875Hz
	leaky cable
	ETU 70Hz (For Reference)

	1x2
	Qout
	-12.14
	-8.91
	-11.26
	-9.54

	
	Qin
	-7.23
	-4.14
	-5.29
	-5.07

	2x2
	Qout
	-12.17
	-9.60
	-11.76
	-10.18

	
	Qin
	-7.24
	-5.01
	-6.48
	-5.62


From the simulation results in Table 2, UE achieves the best PDCCH performance in AWGN due to ideal channel. Compared with AWGN, there is about 1dB performance loss in leaky cable channel. However, it can be seen that UE achieves better PDCCH performance in leaky cable channel than that in EVA 875 Hz. Compared with ETU 70Hz, UE can also obtain a better PDCCH performance in leaky cable channel.
Observation 1：Compared with ETU 70Hz in Rel-8, UE could obtain a good PDCCH performance in leaky cable channel.

2.2.2 RSRP/RSRQ Accuracy
The simulation results on RSRP/RSRQ measurement accuracy were summarized in Tables 3-5.
Table 3: RSRP/RSRQ accuracy results in AWGN
	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
	-1.20
	0.67
	2.06
	-1.87
	-1.18
	0.65
	2.02

	-6
	-1.00
	0.59
	1.84
	-1.59
	-0.99
	0.57
	1.82

	-5
	-0.82
	0.48
	1.68
	-1.30
	-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
	0.20
	0.70

	2
	-0.27
	0.19
	0.65
	-0.46
	-0.25
	0.19
	0.60

	3
	-0.24
	0.15
	0.56
	-0.41
	-0.24
	0.13
	0.52


Table 4: RSRP/RSRQ accuracy results in EVA 875Hz
	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 5: RSRP/RSRQ accuracy results in leaky cable
	SNR (dB)
	leaky cable RSRP accuracy
	leaky cable RSRQ accuracy

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

	-8
	-1.69
	0.14
	1.60
	1.83
	-1.62
	0.15
	1.60

	-7
	-1.38
	0.10
	1.34
	1.48
	-1.32
	0.11
	1.35

	-6
	-1.22
	0.06
	1.16
	1.28
	-1.13
	0.09
	1.15

	-5
	-0.96
	0.07
	0.97
	1.03
	-0.92
	0.06
	0.97

	-4
	-0.92
	0.03
	0.85
	0.95
	-0.84
	0.02
	0.81

	-3
	-0.72
	0.01
	0.75
	0.73
	-0.69
	0.03
	0.75

	-2
	-0.64
	0.03
	0.65
	0.67
	-0.60
	0.02
	0.63

	-1
	-0.55
	0.01
	0.56
	0.56
	-0.51
	0.03
	0.53

	0
	-0.45
	0.02
	0.49
	0.47
	-0.42
	0.03
	0.46

	1
	-0.42
	0.01
	0.42
	0.43
	-0.39
	0.02
	0.42

	2
	-0.37
	0.00
	0.35
	0.37
	-0.33
	0.01
	0.34

	3
	-0.31
	0.00
	0.31
	0.31
	-0.28
	0.01
	0.30


The RSRP/RSRQ accuracy under high Doppler conditions, which RF margin tightening has been considered, was introduced into TS 36.133 measurement performance requirements. When discussing measurement accuracy in the SI (performance enhancements for high speed scenario), it is natural that the accuracy requirements under high Doppler condition should be used as reference.
Table 6: Accuracy requirements under high Doppler condition

	RRM Measurements 
	Requirements 
	Side Condition (CRS Es/Iot)

	Intra RSRP absolute accuracy
	(6 dB
	(-6 dB

	Intra RSRP relative accuracy
	(3.3 dB
	(-6 dB

	Intra RSRQ absolute accuracy
	(4 dB
	(-6 dB


Considering 1.5dB~2dB RF margin, it could be observed that the current accuracy requirements under high Doppler conditions could be satisfied in leaky cable channel.
Observation 2: The measurement accuracy of RSRP and RSRQ in leaky cable channel could meet the current requirement under high Doppler conditions.
2.2.3 Cell Identification
The results are presented in terms of the cell detection delay. The cell detection delay is the time required by the UE to fully detect the cell (cell 3 in this case) by detecting its PSS/SSS sequences but excluding the L1 RSRP measurement period. In particular, we present the 90th percentile of the cell detection delay statistics.
Table 7: Cell detection delay for leaky cable channel (Unit: ms)
	Case#
	SINR

	
	-8dB
	-7dB
	-6dB

	1
	70
	30
	20

	2
	135
	55
	25

	3
	65
	35
	15

	4
	50
	25
	10

	5
	75
	40
	25

	6
	75
	40
	25

	7
	75
	35
	25

	8
	80
	35
	25


It can be observed that the cell detection delay in leaky cable channel is shorter than 200ms in all cases. Based on the simulation results for the cell identification in table 7, the following observation can be obtained
Observation 3: In leaky cable channel, the legacy cell identification latency can be satisfied in all cases, which means that the cell identification latency could be satisfied within 600ms with SINR=-6dB.

3 Conclusion

This contribution provides the RRM simulation results in under leaky cable channel, including RLM, RSRP/RSRQ accuracy and cell identification. In leaky cable channel, the following observations are given.
Observation 1：Compared with ETU 70Hz in Rel-8, UE could obtain a good PDCCH performance in leaky cable channel.

In Rel-8, AWGN and ETU 70Hz are chosen as testing channels for RLM. Because of the PDCCH performance difference between leaky cable channel and Rel-8 testing channels, the SNRs setting for RLM testing in leaky cable may need modifications.
Observation 2: The measurement accuracy of RSRP and RSRQ in leaky cable channel could meet the current requirements under high Doppler conditions.
Observation 3: In leaky cable channel, the legacy cell identification latency can be satisfied in all cases, which means that the cell identification latency could be satisfied within 600ms with SINR=-6dB.
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