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1. Introduction

Radio link monitoring tests are part of phase II-A test suite [1]. There has been considerable progress in the last meeting on the test scenarios and methodology. It was agreed that companies will provide SNR results in RAN4#50 for alignment purposed. The final results will be used in the out of sync and in sync test case.

In this contribution we provide SNR distribution for the agreed scenarios (antenna/bandwidth configurations, channel models etc) and assumptions [2]. 

2. Simulated Scenarios
The following scenarios are simulated for out of sync (DCI format 1A) and in sync (DCI format 1C) for both FDD and TDD as agreed in [2]. 
· BW: 10 MHz, antenna configuration: 1x2 (SIMO) in AWGN
· BW: 10 MHz, antenna configuration: 2x2 (MIMO) in AWGN
· BW: 10 MHz, antenna configuration: 1x2 (SIMO) in 6-tap static channel 
· BW: 10 MHz, antenna configuration: 2x2 (MIMO) in 6-tap static channel
3. Simulation Results
3.1. E-UTRA FDD Case: 10 MHz
3.1.2. E-UTRA FDD: AWGN Results

Figure 1: SNR distribution for DCI format 1A for 10 MHz E-UTRAN FDD in AWGN; Out of sync detection
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Figure 2: SNR distribution for DCI format 1C for 10 MHz E-UTRAN FDD in AWGN; In sync detection

The ideal and recommended out of sync and in sync SNR levels (recommended include implementation margins) for these FDD scenarios are given in table 1 and 2 respectively. The SNR levels in (1x2) are lower compared to those in (2x2) because of higher PCFICH/PDCCH power boosting (3 dB higher) used in the former scenario. The same explanation applies for rest of the scenarios in the subsequent sections.
Table 1: Ideal SNR levels for in sync and out of sync in 10 MHz FDD case

	Scenario
	SNR [dB]

	Bandwidth [MHz]
	Antenna configuration
	In sync level: 

2% BLER
	Out of sync level:

10% BLER 

	10 MHz
	1x2
	-7.5
	-12.5

	10 MHz
	2x2
	-4.5
	-9.5


Table 2: Recommended SNR levels for in sync and out of sync in 10 MHz FDD case

	Scenario
	SNR [dB]

	Bandwidth [MHz]
	Antenna configuration
	In sync level: 

2% BLER
	Out of sync level:

10% BLER 

	10 MHz
	1x2
	-6.5
	-13.5

	10 MHz
	2x2
	-3.5
	-10.5


3.1.3. E-UTRA FDD: Static 6-tap Channel Results
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Figure 3: SNR distribution for DCI format 1A for 10 MHz E-UTRAN FDD in 6-tap; Out of sync detection (Green: 1 Tx; Blue: Tx diversity)
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Figure 4: SNR distribution for DCI format 1C for 10 MHz E-UTRAN FDD in 6-tap; In sync detection (Green: 1 Tx; Blue: Tx diversity)
The ideal and recommended out of sync and in sync SNR levels (recommended include implementation margins) for these FDD scenarios are given in table 3 and 4 respectively. 
Table 3: Ideal SNR levels for in sync and out of sync in 10 MHz FDD case

	Scenario
	SNR [dB]

	Bandwidth [MHz]
	Antenna configuration
	In sync level: 

2% BLER
	Out of sync level:

10% BLER 

	10 MHz
	1x2
	-6
	-11.5

	10 MHz
	2x2
	-3.5
	-8


Table 4: Recommended SNR levels for in sync and out of sync in 10 MHz FDD case

	Scenario
	SNR [dB]

	Bandwidth [MHz]
	Antenna configuration
	In sync level: 

2% BLER
	Out of sync level:

10% BLER 

	10 MHz
	1x2
	-5
	-12.5

	10 MHz
	2x2
	-2.5
	-9


3.2. E-UTRA TDD Case: 10 MHz
3.1.2. E-UTRA TDD: AWGN Results

[image: image4.png]CCH BLER

10 MHz, TDD, out-sync

10"+

10

<

10°

1 Il Il I
13 12 -1 10 -9 -8 -7 6
SNR per antenna [dB]





Figure 5: SNR distribution for DCI format 1A for 10 MHz E-UTRAN TDD in AWGN; Out of sync detection (Blue: 1 Tx; Green: Tx diversity)
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Figure 6: SNR distribution for DCI format 1C for 10 MHz E-UTRAN TDD in AWGN; In sync detection
The ideal and recommended out of sync and in sync SNR levels (recommended include implementation margins) for these TDD scenarios are given in table 5 and 6 respectively. 
Table 5: Ideal SNR levels for in sync and out of sync in 10 MHz TDD case

	Scenario
	SNR [dB]

	Bandwidth [MHz]
	Antenna configuration
	In sync level: 

2% BLER
	Out of sync level:

10% BLER 

	10 MHz
	1x2
	-7
	-11.5

	10 MHz
	2x2
	-4.5
	-9


Table 6: Recommended SNR levels for in sync and out of sync in 10 MHz TDD case

	Scenario
	SNR [dB]

	Bandwidth [MHz]
	Antenna configuration
	In sync level: 

2% BLER
	Out of sync level:

10% BLER 

	10 MHz
	1x2
	-5.5
	-12.5

	10 MHz
	2x2
	-3
	-9.5


3.1.3. E-UTRA TDD: Static 6-tap Channel Results
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Figure 7: SNR distribution for DCI format 1A for 10 MHz E-UTRAN TDD in 6-tap; Out of sync detection (Green: 1 Tx; Blue: Tx diversity)
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Figure 8: SNR distribution for DCI format 1C for 10 MHz E-UTRAN TDD in 6-tap; In sync detection (Green: 1 Tx; Blue: Tx diversity)
The ideal and recommended out of sync and in sync SNR levels (recommended include implementation margins) for these TDD scenarios are given in table 7 and 8 respectively. 
Table 7: Ideal SNR levels for in sync and out of sync in 10 MHz TDD case

	Scenario
	SNR [dB]

	Bandwidth [MHz]
	Antenna configuration
	In sync level: 

2% BLER
	Out of sync level:

10% BLER 

	10 MHz
	1x2
	-5.5
	-10.5

	10 MHz
	2x2
	-3.5
	-7.5


Table 8: Recommended SNR levels for in sync and out of sync in 10 MHz TDD case

	Scenario
	SNR [dB]

	Bandwidth [MHz]
	Antenna configuration
	In sync level: 

2% BLER
	Out of sync level:

10% BLER 

	10 MHz
	1x2
	-4.5
	-11.5

	10 MHz
	2x2
	-2
	-8.5


4. Proposed SNR Levels in Test Cases

According to [2] the SNR level in out of sync and in sync will vary as shown in figures 9 and 10 respectively. 
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Figure 9: SNR variation for out-of-sync testing [2]
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Figure 10: SNR variation for in-sync testing [2]
Based on the simulation results presented in section 3, we provide recommended values for SNR levels (i.e. for all SINR1-5 levels shown in figures 9 and 10) in the next sections for all scenarios (1 Tx and 2 Tx for TDD and FDD modes). 

In deriving these levels (SINR1-5) the corresponding BLER assumed are shown in table 9.

Table 9: Assumptions on BLER values for deriving SNR1-5 levels
	SNR levels
	DCI format
	BLER [%]

	SINR1
	1A
	0.05

	SINR2
	1A
	5-8

	SINR3
	1A
	25

	SINR4
	1C
	5-8

	SINR5
	1C
	0.1


4.1. E-UTRA FDD: AWGN
Table 10: Recommended SNR1-5 levels for FDD in sync and out of sync tests: AWGN
	SNR levels
	DCI format
	SNR value [dB]

	
	
	Antenna configuration

	
	
	1x2
	2x2

	SINR1
	1A
	-8
	-5

	SINR2
	1A
	-12
	-9

	SINR3
	1A
	-13
	-10

	SINR4
	1C
	-8
	-5

	SINR5
	1C
	-6.5
	-3.5


4.2. E-UTRA FDD: 6-tap channel
Table 11: Recommended SNR1-5 levels for FDD in sync and out of sync tests: 6-tap channel
	SNR levels
	DCI format
	

SNR value [dB]

	
	
	Antenna configuration

	
	
	1x2
	2x2

	SINR1
	1A
	-7
	-4

	SINR2
	1A
	-10
	-7.5

	SINR3
	1A
	-12.5
	-9

	SINR4
	1C
	-7
	-4.5

	SINR5
	1C
	-5
	-2.5


4.3. E-UTRA TDD: AWGN
Table 12: Recommended SNR1-5 levels for TDD in sync and out of sync tests: AWGN
	SNR levels
	DCI format
	SNR value [dB]

	
	
	Antenna configuration

	
	
	1x2
	2x2

	SINR1
	1A
	-7
	-4

	SINR2
	1A
	-11
	-8.5

	SINR3
	1A
	-12
	-9.5

	SINR4
	1C
	-7.5
	-5

	SINR5
	1C
	-5.5
	-3.5


4.4. E-UTRA TDD: 6-tap channel
Table 13: Recommended SNR1-5 levels for TDD in sync and out of sync tests: 6-tap channel
	SNR levels
	DCI format
	SNR value [dB]

	
	
	Antenna configuration

	
	
	1x2
	2x2

	SINR1
	1A
	-6.5
	-3.5

	SINR2
	1A
	-9.5
	-7

	SINR3
	1A
	-11.5
	-8.5

	SINR4
	1C
	-6.5
	-4

	SINR5
	1C
	-4.5
	-2


5. Summary

In this paper we have provided SNR versus PDCCH BLER results corresponding to the out of sync and in sync test case scenarios in AWGN and in 6-tap static channels. The results can be used for aligning SNR levels, which are to be used in the proposed radio link monitoring test cases. 
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