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1. Introduction
In RAN4#49, a CR on radio link monitoring (RLM) [3] requirements was agreed upon for populating the core-requirements section in [1]. In this contribution, test cases for out-of-sync and in-sync are provided based on the proposal in [5]. 
2. Discussion
The discussion paper [5] is used as the basis for the test cases presented in this contribution. Some considerations for RLM testing are discussed in [6] and test proposals are made in [7]. The signal conditions for the test cases and the breadth of testing (i.e., BW and transmit antenna combinations) are similar to that suggested in [7].
2.1 Propagation channel

A test propagation channel to be used has the following characteristics:

1. frequency selectivity,

2. static, i.e. no variation in time,

3. 3-taps sampled at Ts with delays/coefficients as specified in Table 1.

(Note 1: This channel response is currently defined for normal CP. A corresponding channel for extended CP has to be defined if a need for testing extended CP is seen.
Note 2: The leading coefficient is set to unity. The coefficients can be scaled such that the channel gain is unity – the coefficients for the three delays with scaling becomes 0.8728, -0.2182 + 0.3753j and -0.1135 + 0.1920j respectively.)

	Delay in Ts (us)
	Coefficient value

	0 (0 us)
	1

	70 (2.27 us)
	-0.25+0.43j

	140 (4.56 us)
	-0.13 + 0.22j


Table 1. An example three tap static channel that can be used in the tests
2.2 Bandwidths
Tests for two BWs are proposed: 10 MHz and 1.4 MHz.
2.3 Transmit antenna configuration
Tests for SIMO and SFBC are proposed.
2.4 Testing separately for out-of-sync and in-sync
As described in Section 4 of [5], out-of-sync and in-sync can be tested separately.

2.5 Summary of cases
The following test cases are provided in the next section:
Out-of-sync:

1) 1.4 MHz, SIMO

2) 1.4 MHz, SFBC

3) 10 MHz, SIMO

4) 10 MHz, SFBC

In-sync:

5) 1.4 MHz, SIMO

6) 1.4 MHz, SFBC

7) 10 MHz, SIMO

8) 10 MHz, SFBC

3. Test Proposal

A.7.3
Radio Link Monitoring

A.7.3.1
E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync
A.7.3.1.1
Test Purpose and Environment

The purpose of this test is to verify that the UE properly detects the out of sync for the purpose of monitoring downlink radio link quality of the serving cell. This test will partly verify the E-UTRAN FDD radio link monitoring requirements in section 7.6.

The test parameters are given in Tables A.x.1, A.x.2 and A.x.3 below. There is one cell (cell #1), which is the active cell, in the test. The test consists of three successive time periods, with time durations of T1, T2 and T3 respectively. Figure A.x.1 shows the variation of the downlink SNR in the active cell to emulate out of sync state. Prior to the start of the time duration T1, the UE shall be fully synchronized to cell # 1. The UE shall be configured for simultaneous ACK/NACK and periodic CQI reporting in PUCCH 1-0 mode with a reporting periodicity of 2 ms.
Table A.x.1: General test parameters for E-UTRAN FDD out-of-sync testing
	Parameter
	Unit
	Value
	Comment

	
	
	Test 1
	Test 2
	Test 3
	Test 4
	

	PDSCH parameters 
	
	TBD
	TBD
	R.0 FDD
	TBD
	As specified in section A.3.1.1.1.

	PCFICH/PDCCH/PHICH parameters
	
	TBD
	TBD
	R.6 FDD
	TBD
	As specified in section A.3.1.2.1. PDSCH of TBS = [TBD], QPSK is scheduled by PDCCH DCI format 1A with transmission parameters identical to the out-of-sync PDCCH/PCFICH transmission parameters as defined in Table 7.6.1-1.

	Active cell
	
	Cell 1
	Cell 1
	Cell 1
	Cell 1
	Cell 1 is on E-UTRA RF channel number 1

	CP length

	
	Normal
	Normal
	Normal
	Normal
	

	E-UTRA RF Channel Number
	
	1
	1
	1
	1
	One E-UTRA FDD carrier frequency is used.

	E-UTRA Channel Bandwidth (BWchannel)
	MHz
	1.4
	1.4
	10
	10
	

	Transmit antennas
	
	1
	2
	1
	2
	

	MIMO correlation matrix
	
	1x2 Low 
	2x2 Low
	1x2 Low
	2x2 Low
	As defined in section B.2.3 in TS 36.101

	In sync transmission parameters
	DCI format
	
	1C
	1C
	1C
	1C
	As defined in section 5.3.3.1.4 in TS 36.213

	
	Number of Control OFDM symbols
	
	4
	4
	2
	2
	

	
	Aggregation level 
	CCE
	4
	4
	4
	4
	

	
	Ratio of PDCCH to RS EPRE
	
	0
	-3
	0
	-3
	

	
	Ratio of PCFICH to RS EPRE
	
	4
	1
	4
	1
	

	Out of sync transmission parameters
	DCI format
	
	1A
	1A
	1A
	1A
	As defined in section 5.3.3.1.4 in TS 36.213

	
	Number of Control OFDM symbols
	
	4
	4
	2
	2
	

	
	Aggregation level 
	CCE
	4
	4
	8
	8
	

	
	Ratio of PDCCH to RS EPRE
	dB
	4
	1
	4
	1
	

	
	Ratio of PCFICH to RS EPRE
	dB
	4
	1
	4
	1
	

	DRX
	
	OFF
	OFF
	OFF
	OFF
	

	Layer 3 filtering
	
	Enabled
	Enabled
	Enabled
	Enabled
	Counters:

N310 = [21]; N311 = 1

	T310 timer
	ms
	0
	0
	0
	0
	T310 is disabled

	T311 timer
	ms
	1000
	1000
	1000
	1000
	T311 is enabled

	Periodic CQI reporting mode
	
	PUCCH 1-0
	PUCCH 1-0
	PUCCH 1-0
	PUCCH 1-0
	As defined in table 7.2.2-1 in TS 36.213. Simultaneous transmission of CQI and ACK/NACK allowed by setting simultaneousAckNackAndCQI

to TRUE.

	CQI reporting periodicity
	ms
	2
	2
	2
	2
	Minimum CQI reporting periodicity

	Propagation channel
	
	Static 3-tap
	Static 3-tap
	Static 3-tap
	Static 3-tap
	Static 3-tap channel is defined in 36.101 Annex B, Table TBD.

	T1
	s
	0.5
	0.5
	0.5
	0.5
	


	T2
	s
	0.5
	0.5
	0.5
	0.5
	

	T3
	s
	0.5
	0.5
	0.5
	0.5
	


Table A.x.2: Cell specific test parameters for E-UTRAN FDD (cell # 1) for radio link monitoring tests (# 1 and # 2)

	Parameter
	Unit
	Test 1
	Test 2

	
	
	T1
	T2
	T3
	T1
	T2
	T3

	E-UTRA RF Channel Number
	
	1
	1

	BWchannel
	MHz
	1.4
	1.4

	Transmit antennas
	
	1
	2

	OCNG Pattern defined in A.3.2.1 (FDD) 
	
	TBD
	TBD

	PCFICH_RB
	dB
	4
	4
	4
	1
	1
	1

	PDCCH_RA
	dB
	
4
	4
	4
	-3
	-3
	-3

	PDCCH_RB
	dB
	4
	4
	4
	-3
	-3
	-3

	PBCH_RA
	dB
	0
	0

	PBCH_RB
	dB
	
	

	PSS_RA
	dB
	
	

	SSS_RA
	dB
	
	

	PHICH_RA
	dB
	
	

	PHICH_RB
	dB
	
	

	PDSCH_RA
	dB
	
	

	PDSCH_RB
	dB
	
	

	OCNG_RANote 1
	dB
	
	

	OCNG_RBNote 1 
	dB
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	dBm/15 kHz
	-98
	-98
	-98
	-98
	-98
	-98

	Ior1
	dBm
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Ior2
	dBm
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Ior3
	dBm
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Note 1:
OCNG shall be used such that the resources in cell # 1 are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.

Note 2:
The uplink resources for CQI reporting are assigned to the UE prior to the start of time period T1.

Note 3:
The timers and layer 3 filtering related parameters are configured prior to the start of time period T1.


Table A.x.3: Cell specific test parameters for E-UTRAN FDD (cell # 1) for radio link monitoring tests (# 3 and # 4)

	Parameter
	Unit
	Test 1
	Test 2

	
	
	T1
	T2
	T3
	T1
	T2
	T3

	E-UTRA RF Channel Number
	
	1
	1

	BWchannel
	MHz
	10
	10

	Transmit antennas
	
	1
	2

	OCNG Pattern defined in A.3.2.1 (FDD) 
	
	TBD
	TBD

	PCFICH_RB
	dB
	4
	4
	4
	1
	1
	1

	PDCCH_RA
	dB
	
4
	4
	4
	-3
	-3
	-3

	PDCCH_RB
	dB
	4
	4
	4
	-3
	-3
	-3

	PBCH_RA
	dB
	0
	0

	PBCH_RB
	dB
	
	

	PSS_RA
	dB
	
	

	SSS_RA
	dB
	
	

	PHICH_RA
	dB
	
	

	PHICH_RB
	dB
	
	

	PDSCH_RA
	dB
	
	

	PDSCH_RB
	dB
	
	

	OCNG_RANote 1
	dB
	
	

	OCNG_RBNote 1 
	dB
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	dBm/15 kHz
	-98
	-98
	-98
	-98
	-98
	-98

	Ior1
	dBm
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Ior2
	dBm
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Ior3
	dBm
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Note 1:
OCNG shall be used such that the resources in cell # 1 are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.

Note 2:
The uplink resources for CQI reporting are assigned to the UE prior to the start of time period T1.

Note 3:
The timers and layer 3 filtering related parameters are configured prior to the start of time period T1.
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Figure 7.x.1. SNR variation for out-of-sync testing
A.7.3.1.2
Test Requirements

The UE behaviour in each test during time durations T1, T2 and T3 shall be as follows:

During time duration T1 and T2 the UE shall continuously report CQI according to the configured CQI mode (PUCCH 1-0) with a periodicity of 2 ms. 

For the first [400] ms from the start of T3, the NACKs sent by the UE on PUCCH and UL DTX durations are monitored by the system simulator. 
The test shall counted towards a success if 

a) the fraction of the NACKs and UL DTX corresponding to the DL transmissions for the first 400 ms from the start of T3 exceeds 10%, and
b) the UE stops reporting the CQI within [440] ms from the start of duration T3 

The rate of correct events observed during repeated tests shall be at least 90%.

NOTE: According to the requirements in section 7.6.2.1, the transmitter power shall be turned off within [40] ms from the expiry of T310 timer which should occur at time instant C in Figure 7.x.1. Therefore, the UE is expected to turn its transmitter off within [400] ms + [40] ms = 440 ms from the start of duration T3.
A.7.3.2
E-UTRAN FDD Radio Link Monitoring Test for In-sync
A.7.3.1.1
Test Purpose and Environment

The purpose of this test is to verify that the UE properly detects the in sync for the purpose of monitoring downlink radio link quality of the serving cell. This test will partly verify the E-UTRAN FDD radio link monitoring requirements in section 7.6.

The test parameters are given in Tables A.x.4, A.x.5 and A.x.6 below. There is one cell (cell #1), which is the active cell, in the test. The test consists of five successive time periods, with time durations of T1, T2, T3, T4 and T5 respectively. Figure A.x.2 shows the variation of the downlink SNR in the active. Prior to the start of the time duration T1, the UE shall be fully synchronized to cell # 1. The UE shall be configured for simultaneous ACK/NACK and periodic CQI reporting in PUCCH 1-0 mode with a reporting periodicity of 2 ms.
Table A.x.4: General test parameters for E-UTRAN FDD in-sync testing
	Parameter
	Unit
	Value
	Comment

	
	
	Test 1
	Test 2
	Test 3
	Test 4
	

	PDSCH parameters 
	
	TBD
	TBD
	R.0 FDD
	TBD
	As specified in section A.3.1.1.1.

	PCFICH/PDCCH/PHICH parameters
	
	TBD
	TBD
	R.6 FDD
	TBD
	As specified in section A.3.1.2.1. 

	Active cell
	
	Cell 1
	Cell 1
	Cell 1
	Cell 1
	Cell 1 is on E-UTRA RF channel number 1

	CP length

	
	Normal
	Normal
	Normal
	Normal
	

	E-UTRA RF Channel Number
	
	1
	1
	1
	1
	One E-UTRA FDD carrier frequency is used.

	E-UTRA Channel Bandwidth (BWchannel)
	MHz
	1.4
	1.4
	10
	10
	

	Transmit antennas
	
	1
	2
	1
	2
	

	MIMO correlation matrix
	
	1x2 Low 
	2x2 Low
	1x2 Low
	2x2 Low
	As defined in section B.2.3 in TS 36.101

	In sync transmission parameters
	DCI format
	
	1C
	1C
	1C
	1C
	As defined in section 5.3.3.1.4 in TS 36.213

	
	Number of Control OFDM symbols
	
	4
	4
	2
	2
	

	
	Aggregation level 
	CCE
	4
	4
	4
	4
	

	
	Ratio of PDCCH to RS EPRE
	
	0
	-3
	0
	-3
	

	
	Ratio of PCFICH to RS EPRE
	
	4
	1
	4
	1
	

	Out of sync transmission parameters
	DCI format
	
	1A
	1A
	1A
	1A
	As defined in section 5.3.3.1.4 in TS 36.213

	
	Number of Control OFDM symbols
	
	4
	4
	2
	2
	

	
	Aggregation level 
	CCE
	4
	4
	8
	8
	

	
	Ratio of PDCCH to RS EPRE
	dB
	4
	1
	4
	1
	

	
	Ratio of PCFICH to RS EPRE
	dB
	4
	1
	4
	1
	

	DRX
	
	OFF
	OFF
	OFF
	OFF
	

	Layer 3 filtering
	
	Enabled
	Enabled
	Enabled
	Enabled
	Counters:

N310 = 1; N311 = 1

	T310 timer
	ms
	2600
	2600
	2600
	2600
	T310 is enabled

	T311 timer
	ms
	1000
	1000
	1000
	1000
	T311 is enabled

	Periodic CQI reporting mode
	
	PUCCH 1-0
	PUCCH 1-0
	PUCCH 1-0
	PUCCH 1-0
	As defined in table 7.2.2-1 in TS 36.213. Simultaneous transmission of CQI and ACK/NACK allowed by setting simultaneousAckNackAndCQI

to TRUE.

	CQI reporting periodicity
	ms
	2
	2
	2
	2
	Minimum CQI reporting periodicity

	Propagation channel
	
	Static 3-tap
	Static 3-tap
	Static 3-tap
	Static 3-tap
	Static 3-tap channel is defined in 36.101 Annex B, Table TBD.

	T1
	s
	0.5
	0.5
	0.5
	0.5
	


	T2
	s
	0.5
	0.5
	0.5
	0.5
	

	T3
	s
	1
	1
	1
	1
	

	T4
	s
	0.5
	0.5
	0.5
	0.5
	

	T5
	s
	0.5
	0.5
	0.5
	0.5
	


Table A.x.5: Cell specific test parameters for E-UTRAN FDD (cell # 1) for radio link monitoring tests (# 1 and # 2)

	Parameter
	Unit
	Test 1
	Test 2

	
	
	T1
	T2
	T3
	T4
	T5
	T1
	T2
	T3
	T4
	T5

	E-UTRA RF Channel Number
	
	1
	1

	BWchannel
	MHz
	1.4
	1.4

	Transmit antennas
	
	1
	2

	OCNG Pattern defined in A.3.2.1 (FDD) 
	
	TBD
	TBD

	PCFICH_RB
	dB
	4
	1

	PDCCH_RA
	dB
	4
	-3

	PDCCH_RB
	dB
	4
	-3

	PBCH_RA
	dB
	`
0
	0

	PBCH_RB
	dB
	
	

	PSS_RA
	dB
	
	

	SSS_RA
	dB
	
	

	PHICH_RA
	dB
	
	

	PHICH_RB
	dB
	
	

	PDSCH_RA
	dB
	
	

	PDSCH_RB
	dB
	
	

	OCNG_RANote 1
	dB
	
	

	OCNG_RBNote 1 
	dB
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	dBm
	-98


	-98



	Ior1
	dBm
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Ior2
	dBm
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Ior3
	dBm
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Ior4
	dBm
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Ior5
	dBm/15 KHz
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Note 1:
OCNG shall be used such that the resources in cell # 1 are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.

Note 2:
The uplink resources for CQI reporting are assigned to the UE prior to the start of time period T1.

Note 3:
The timers and layer 3 filtering related parameters are configured prior to the start of time period T1.


Table A.x.6: Cell specific test parameters for E-UTRAN FDD (cell # 1) for radio link monitoring tests (# 3 and # 4)

	Parameter
	Unit
	Test 1
	Test 2

	
	
	T1
	T2
	T3
	T4
	T5
	T1
	T2
	T3
	T4
	T5

	E-UTRA RF Channel Number
	
	1
	1

	BWchannel
	MHz
	10
	10

	Transmit antennas
	
	1
	2

	OCNG Pattern defined in A.3.2.1 (FDD) 
	
	TBD
	TBD

	PCFICH_RB
	dB
	4
	1

	PDCCH_RA
	dB
	4
	-3

	PDCCH_RB
	dB
	4
	-3

	PBCH_RA
	dB
	`
0
	0

	PBCH_RB
	dB
	
	

	PSS_RA
	dB
	
	

	SSS_RA
	dB
	
	

	PHICH_RA
	dB
	
	

	PHICH_RB
	dB
	
	

	PDSCH_RA
	dB
	
	

	PDSCH_RB
	dB
	
	

	OCNG_RANote 1
	dB
	
	

	OCNG_RBNote 1 
	dB
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	dBm/15 kHz
	-98


	-98



	Ior1
	dBm
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Ior2
	dBm
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Ior3
	dBm
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Ior4
	dBm
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Ior5
	dBm
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Note 1:
OCNG shall be used such that the resources in cell # 1 are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.

Note 2:
The uplink resources for CQI reporting are assigned to the UE prior to the start of time period T1.

Note 3:
The timers and layer 3 filtering related parameters are configured prior to the start of time period T1.
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Figure 7.x.2. SNR variation for in-sync testing
A.7.3.2.2
Test Requirements

The UE behaviour in each test during time durations T1, T2, T3, T4 and T5 shall be as follows:

During time durations T1, T2, T3 and T4 the UE shall continuously report CQI according to the configured CQI mode (PUCCH 1-0) with a periodicity of 2 ms. 

For the first [200] ms from the start of T3, the UE shall continuously report CQI according to the configured CQI mode (PUCCH 1-0) with a periodicity of 2 ms. 

The rate of correct events observed during repeated tests shall be at least 90%.

NOTE: According to the requirements in TS 36.331 section 5.3.11.2, the T310 timer should be stopped if N311 consecutive in-sync indications are received. If the UE fails to stop the timer, the timer expires and turns its transmitter off before instant F in Figure 7.x.2 where time duration E—F corresponds to 200 ms. This duration is derived from in-sync evaluation period equal to [100] ms + [40] ms time duration allowed for turning off the transmitter + implementation margin, leading to [200] ms.
5. Conclusions
Proposals for test cases for RLM requirements based on [5] were made in this contribution.
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