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1
Introduction
In the last RAN4 meeting, the simulation results for RLM test cases were presented by some companies. However, there was a noticeable misalignment between simulation results presented by different companies, and the problem about the use of the static 6-tap channel was raised due to the extremely high r.m.s. delay spread and the possible PCI dependence of performance. Consequently, it was proposed that ETU 0 Hz channel model should be used instead of the Static 6-tap channel model [1]. After the meeting, some concerns about ETU 0 Hz were pointed out, i.e. it would be difficult to align the simulation results among some companies due to the ambiguities of the definition of the signal power, that is, SNR value in ETU 0 Hz. Therefore, the alternative channels such as ETU 70 Hz and Modified 6-tap channel were proposed to simulate the RLM test cases.

In this contribution, we present the simulation results for the new test conditions including the RLM9-16.
2
Simulation assumptions
Simulation assumptions in this study are based on assumption in [2]. Table 1 shows the simulation scenarios for RLM simulations, where new eight test cases such as RLM9-16 are added. Table 2 shows the details of the modified static 6-tap channel model. Table 3 and 4 show the simulation assumptions for out-of sync scenario and in-sync scenario, respectively.
Table 1 Simulation scenarios
	Scenario
	Description
	CFI
	Cell ID
	Propagation model
	Antenna correlation
	Verification point

	RLM1
	1x2 8CCE DCI1A 10MHz
	2
	0
	AWGN
	Low
	10%

	RLM2
	1x2 8CCE DCI1A 10MHz
	2
	0
	Static 6 tap
	Low
	10%

	RLM3
	2x2 8CCE DCI1A 10MHz SFBC
	2
	0
	AWGN
	Low
	10%

	RLM4
	2x2 8CCE DCI1A 10MHz SFBC
	2
	0
	Static 6 tap
	Low
	10%

	RLM5
	1x2 4CCE DCI1C 10MHz
	2
	0
	AWGN
	Low
	2%

	RLM6
	1x2 4CCE DCI1C 10MHz
	2
	0
	Static 6 tap
	Low
	2%

	RLM7
	2x2 4CCE DCI1C 10MHz SFBC
	2
	0
	AWGN
	Low
	2%

	RLM8
	2x2 4CCE DCI1C 10MHz SFBC
	2
	0
	Static 6 tap
	Low
	2%

	RLM9
	1x2 8CCE DCI1A 10MHz
	2
	0
	ETU 70 Hz
	Low
	10%

	RLM10
	2x2 8CCE DCI1A 10MHz SFBC
	2
	0
	ETU 70 Hz
	Low
	10%

	RLM11
	1x2 4CCE DCI1C 10MHz
	2
	0
	ETU 70 Hz
	Low
	2%

	RLM12
	2x2 4CCE DCI1C 10MHz SFBC
	2
	0
	ETU 70 Hz
	Low
	2%

	RLM13
	1x2 8CCE DCI1A 10MHz
	2
	0
	Modified static 6-tap
	Low
	10%

	RLM14
	1x2 8CCE DCI1A 10MHz SFBC
	2
	0
	Modified static 6-tap
	Low
	10%

	RLM15
	1x2 4CCE DCI1C 10MHz
	2
	0
	Modified static 6-tap
	Low
	2%

	RLM16
	1x2 4CCE DCI1C 10MHz SFBC
	2
	0
	Modified static 6-tap
	Low
	2%


Table 2 Details of the modified static 6-tap channel

	Tap delay in Ts (ns)
	Relative Power [dB]
	Relative phase [degrees]

	0 (0 ns)
	0
	0

	18 (586 ns)
	0
	0

	36 (1172 ns)
	0
	0

	54 (1758 ns)
	0
	0

	72 (2344 ns)
	0
	0

	90 (2930 ns)
	0
	0


Table 3 Out-of sync PCFICH/PDCCH assumptions
	Common parameters
	Value

	General setup
	PDCCH and PCFICH are tested jointly i.e. miss detection of PCFICH implies a miss detection of PDCCH

	Performance requirement
	SNR required to fulfill the target quality

	Channel coding
	According to Sections 5.3.3 and 5.3.4 of 36.212

	Physical channel processing
	According to Sections 6.7 and 6.8 of 36.211

	
	

	Power allocation: 1 TX 1 
	PDCCH_RA = PDCCH_RB = 4 dB 

PCFICH_RA = PCFICH_RB = 4 dB



	Power allocation: 2 TX 1
	PDCCH_RA = PDCCH_RB = 1 dB 

PCFICH_RA = PCFICH_RB = 1 dB



	PHICH duration
	Normal 

	Number of PHICH groups 2
	Ng=1

	PDCCH content
	All PDCCH resources (in addition to the desired PDCCH) shall be occupied by non-zero data. Transmission power for non-desired PDCCH should be de-boosted so that the total transmission power should be the maximum transmission power.

	Cyclic prefix
	Normal

	Scheduling rate
	Ten subframes per radio frame (all subframes occupied)

	Blind decoding
	Not taken into account in the simulations

	Interference
	AWGN

	Channel estimation
	Practical and realizable channel and noise estimates with no a-priori knowledge of the channel state information

	Simulation length
	10000 subframes at minimum

	TDD frame structure
	Uplink-downlink configuration: 1 

Special subframe configuration: 4


Note 1:
The power allocation values PDCCH_RA and PDCCH_RB are given as defined in the Section 3.3 of 36.101. 

Note 2:
The number of PHICH groups for normal cyclic prefix is equal to ceiling[Ng(N_DL_RB/8)], where N_DL_RB is the downlink bandwidth configuration (number of resource blocks).
Table 4 In-sync PCFICH/PDCCH assumptions
	Common parameters
	Value

	General setup
	PDCCH and PCFICH are tested jointly i.e. miss detection of PCFICH implies a miss detection of PDCCH

	Performance requirement
	SNR required to fulfill the target quality

	Channel coding
	According to Sections 5.3.3 and 5.3.4 of 36.212

	Physical channel processing
	According to Sections 6.7 and 6.8 of 36.211

	
	

	Power allocation: 1 TX 1 
	PDCCH_RA = PDCCH_RB = 0 dB 

PCFICH_RA = PCFICH_RB = 4 dB



	Power allocation: 2 TX 1
	PDCCH_RA = PDCCH_RB = -3 dB 

PCFICH_RA = PCFICH_RB = 1 dB



	PHICH duration
	Normal 

	Number of PHICH groups 2
	Ng=1

	PDCCH content
	All PDCCH resources (in addition to the desired PDCCH) shall be occupied by non-zero data. Transmission power for non-desired PDCCH should be de-boosted so that the total transmission power should be the maximum transmission power.

	Cyclic prefix
	Normal

	Scheduling rate
	Ten subframes per radio frame (all subframes occupied)

	Blind decoding
	Not taken into account in the simulations

	Interference
	AWGN

	Channel estimation
	Practical and realizable channel and noise estimates with no a-priori knowledge of the channel state information

	Simulation length
	10000 subframes at minimum

	TDD frame structure
	Uplink-downlink configuration: 1 

Special subframe configuration: 4


Note 1:
The power allocation values PDCCH_RA and PDCCH_RB are given as defined in the Section 3.3 of 36.101. 

Note 2:
The number of PHICH groups for normal cyclic prefix is equal to ceiling[Ng(N_DL_RB/8)], where N_DL_RB is the downlink bandwidth configuration (number of resource blocks).

3
Simulation results

Figures 1 and 2 show the PCFICH/PDCCH BLER performance for out-of sync scenario (RLM1 – 4, 9 – 10, 13 – 14) and in-sync scenario (RLM5 – 8, 11 – 12, 15 – 16), respectively.  The channel models in these simulations are AWGN, static 6path channel model, ETU 70 Hz, and Modified static 6-tap. Also, the total received power for PDCCH is the same for both 1Tx case and 2Tx case due to PCFICH/PDCCH power boosting. Therefore, the BLER performances for 1Tx case are almost the same as those for 2Tx case in AWGN, static 6path, and Modified static 6-tap channel models. The numerical data are summarized in the table 5.
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Figure 1 Simulation results for out-of sync scenario
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Figure 2 Simulation results for in-sync scenario
Table 5 Numerical data

(a) RLM 1 – 8

	SNR [dB]
	BLER

	
	RLM1
	RLM2
	RLM3
	RLM4
	RLM5
	RLM6
	RLM7
	RLM8

	-15
	0.98800
	1.0000
	0.98900
	1.0000
	0.99800
	1.0000
	0.99800
	1.0000

	-14
	0.92700
	1.0000
	0.93200
	1.0000
	0.99500
	0.99900
	0.99500
	0.99900

	-13
	0.70000
	0.99700
	0.70100
	0.99800
	0.98900
	0.99900
	0.98900
	0.99900

	-12
	0.32200
	0.98600
	0.30400
	0.98700
	0.96900
	0.99700
	0.97000
	0.99700

	-11
	0.089900
	0.93100
	0.075500
	0.93500
	0.90500
	0.99400
	0.90700
	0.99400

	-10
	0.028500
	0.79500
	0.020600
	0.80200
	0.73300
	0.98600
	0.73700
	0.98700

	-9
	0.0095400
	0.59700
	0.0061400
	0.60800
	0.43000
	0.96400
	0.43700
	0.96900

	-8
	0.0027800
	0.34500
	0.0017200
	0.36000
	0.14500
	0.91200
	0.14600
	0.92200

	-7
	0.00054000
	0.11600
	0.00028000
	0.12000
	0.020500
	0.80800
	0.020100
	0.82200

	-6
	-
	0.018100
	-
	0.018700
	0.0010200
	0.64800
	0.0010400
	0.66400

	-5
	-
	0.0012800
	-
	0.0016600
	-
	0.44200
	-
	0.46300

	-4
	-
	-
	-
	-
	-
	0.22900
	-
	0.24800

	-3
	-
	-
	-
	-
	-
	0.077600
	-
	0.084500

	-2
	-
	-
	-
	-
	-
	0.015000
	-
	0.016200

	-1
	-
	-
	-
	-
	-
	0.0016800
	-
	0.0015200

	0
	-
	-
	-
	-
	-
	-
	-
	-


(b) RLM 9 – 16
	SNR [dB]
	BLER

	
	RLM9
	RLM10
	RLM11
	RLM12
	RLM13
	RLM14
	RLM15
	RLM16

	-15
	0.97800
	0.98800
	-
	-
	1.0000
	1.0000
	1.0000
	0.99900

	-14
	0.92400
	0.94600
	-
	-
	1.0000
	1.0000
	0.99900
	0.99900

	-13
	0.80600
	0.81800
	-
	-
	0.99900
	0.99900
	0.99900
	0.99800

	-12
	0.62000
	0.58700
	-
	-
	0.99500
	0.99500
	0.99700
	0.99700

	-11
	0.40800
	0.32100
	-
	-
	0.96700
	0.97100
	0.99400
	0.99400

	-10
	0.22600
	0.13300
	0.79100
	0.80900
	0.85700
	0.86800
	0.98600
	0.98600

	-9
	0.10900
	0.043800
	0.61800
	0.61000
	0.60400
	0.62200
	0.96200
	0.96500

	-8
	0.046700
	0.013400
	0.41300
	0.36600
	0.30400
	0.31600
	0.89600
	0.90300

	-7
	0.019100
	0.0044200
	0.23300
	0.16600
	0.11200
	0.11700
	0.73800
	0.75100

	-6
	0.0072400
	0.0014000
	0.10700
	0.053100
	0.029200
	0.029100
	0.48600
	0.50100

	-5
	0.0031200
	0.00032000
	0.041400
	0.011500
	0.0055400
	0.0059400
	0.23000
	0.24300

	-4
	0.0012200
	6.0000e-05
	0.013200
	0.0017600
	0.00088000
	0.0010000
	0.072200
	0.078700

	-3
	0.00062000
	0.0000
	0.0035400
	0.00022000
	0.00016000
	0.00014000
	0.012900
	0.014300

	-2
	0.00016000
	0.0000
	0.00084000
	6.0000e-05
	0.0000
	0.0000
	0.0011000
	0.0016000

	-1
	0.00012000
	0.0000
	0.00024000
	0.0000
	0.0000
	0.0000
	8.0000e-05
	4.0000e-05

	0
	2.0000e-05
	0.0000
	4.0000e-05
	0.0000
	0.0000
	0.0000
	0.0000
	0.99900


3
Conclusions
This contribution presents PDCCH/PCFICH simulation results for radio link monitoring without receiver impairments.
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