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1.
Introduction
This discussion paper relates to the Radio Link Monitoring Test case for FDD 7.3.1 in TS 36.521-3 [1].
For RRM, “prototype” test cases are defined in Annex A of TS 36.133 [2]. 
This Tdoc describes the process to derive the Test Tolerances.

The usage and content of TS 36.903 [6], on derivation of test tolerances for multi-cell RRM tests, is agreed. TS 36.903 [6] is a good place to store the collection of relevant documents and spreadsheets, to provide a reference on deriving Test Tolerances for future RRM test cases.   

2. Test case in TS 36.521-3
The test conditions are defined in the following extract from TS 36.521-3 [1]:

7.3.1
E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync

Editor’s note: This test case is incomplete. The following aspects are either missing or not yet determined:

· The Test system uncertainties applicable to this test are undefined

· The Test tolerances applicable to this test are undefined

· Some test parameters are still undefined since they are not settled in TS36.133

<< Some clauses skipped >> 

7.3.1.1
Test purpose

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 TS36.133 section 7.6.
7.3.1.3
Minimum conformance requirements

When the downlink radio link quality estimated over the last [200] ms period becomes worse than the threshold Qout, Layer 1 of the UE shall send an out-of-sync indication to the higher layers within [200] ms Qout evaluation period. A Layer 3 filter shall be applied to the out-of-sync indications as specified in TS36.331. 

The out-of-sync and in-sync evaluations shall be performed as specified in section 4.2.1 in TS36.213. Two successive indications from Layer 1 shall be separated by at least [10] ms.

The transmitter power shall be turned off within [40] ms after expiry of T310 timer as specified in TS36.331section 5.3.11.
The normative reference for this requirement is TS36.133 [4] clause 7.6.2 and A.7.3.1.
Table 7.3.1.4.1-1: 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 
	
	R.0 FDD
	R.1 FDD
	R.0 FDD
	R.1 FDD
	As specified in section A.1.1

	PCFICH/PDCCH/PHICH parameters
	
	R.6 FDD
	R.7 FDD
	R.6 FDD
	R.7 FDD
	As specified in section A.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
	10
	10
	10
	10
	

	Transmit antennas
	
	1
	2
	1
	2
	

	In sync transmission parameters
	DCI format
	
	1C
	1C
	1C
	1C
	As defined in section 5.3.3.1.4 in TS 36.212

	
	Number of Control OFDM symbols
	
	2
	2
	2
	2
	In sync threshold Qin and the corresponding hypothetical PDCCH/PCFICH transmission parameters are as specified in TS36.133 in section 7.6.1 and Table 7.6.1-2 respectively.

	
	Aggregation level 
	CCE
	4
	4
	4
	4
	

	
	(A, (B
	
	0
	-3
	0
	-3
	

	
	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 36.212

	
	Number of Control OFDM symbols
	
	2
	2
	2
	2
	Out of sync threshold Qout and the corresponding hypothetical PDCCH/PCFICH transmission parameters are as specified in TS36.133 in section 7.6.1 and Table 7.6.1-1 respectively.

	
	Aggregation level 
	CCE
	8
	8
	8
	8
	

	
	(A, (B
	
	0
	-3
	0
	-3
	

	
	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
	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. 

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

	Propagation channel
	
	AWGN
	AWGN
	ETU 70 Hz
	ETU 70 Hz
	

	T1
	s
	[1]
	[1]
	[1]
	[1]
	

	T2
	s
	[0.4]
	[0.4]
	[0.4]
	[0.4]
	

	T3
	s
	[0.5]
	[0.5]
	[0.5]
	[0.5]
	


Table 7.3.1.5-1: Cell specific test parameters for E-UTRAN FDD (cell # 1) for out-of-sync 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
	10
	10

	Transmit antennas
	
	1
	2

	OCNG Pattern defined in D.1 (FDD) 
	
	OP.1 FDD
	OP.1 FDD

	(A, (B
	
	0
	-3

	PCFICH_RB
	dB
	4
	1

	PDCCH_RA
	dB
	0
	-3

	PDCCH_RB
	dB
	0
	-3

	PBCH_RA
	dB
	0
	-3

	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
	
	

	SNR1
	dB
	[-4.7 +TT]
	[-4.9 +TT]

	SNR2
	dB
	[-9.5 +TT]
	[-9.5 +TT]

	SNR3
	dB
	[-13.5 +TT]
	[-13.5 +TT]
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N


	dBm/15 kHz
	-98
	-98

	Propagation condition
	
	AWGN
	AWGN

	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.
Note 4:
The signal contains PDCCH for UEs other than the device under test as part of OCNG.

Note 5: 
SNR levels correspond to the signal to noise ratio over the cell-specific reference signal REs.


3. Calculation of Test Tolerances
The test consists of four subtests with one cell configured; the difference between the subtests is the number of transmitter antennas and the propagation channel. Each subtest consists of three successive time periods, with time duration of T1, T2 and T3 respectively. Figure 3-1 shows the three different time durations and the corresponding variation of the downlink SNR in the active cell to emulate out-of-sync states.
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Figure 3-1: SNR variation for out-of-sync testing
As seen in the table 7.3.1.5-1 above the Test Tolerances that needs to be settled is for the different SNR absolute values per time period for each subtest.
As seen in the table 7.3.1.4.1-1 above subtest 1 and 2 has static AWGN propagation channels and subtest 3 and 4 has fading ETU 70Hz propagation channels. The SNR tolerances will therefore differ between subtest 1&2 and subtest 3&4.

In paper [3], there is a suggested grouping of the demodulation (TS36.521-1, clause 8) and the CSI reporting (TS36.521-1, clause 9) tests. In that paper Radio Link Monitoring is grouped together with CSI. However we suggest grouping the RLM tests together with Demodulation tests instead, the difference in AWGN and SNR uncertainties are the same for RLM. This is a subject for discussion and agreement in chapter 4.
In the first version of TR36.903 v0.0.2 [6] a similar assumption is made, se Annex B.7. The uncertainty values are chosen to be the same as the performance tests in section 8 of TS 36.521-1.

In Annex A.4 in [4] the following parameters are identified for RRM RLM (for information):
· 1 cell

· 10MHz Channel BW

· OCNG so that cell is fully allocated

· 1 Tx antenna or 2 Tx antennas 

· 2 Rx antennas (assumed)

· TDD: UL/DL Configuration 1 and Special subframe configuration 6 defined in TC A.7.3.3.

· Reference measurement channel according to:

· PDSCH FDD, TDD clauses A.3.1.1.1, A.3.1.1.2 in 36.133 [4]

· Partial RB allocation

· FDD: 10 DL subframes per radio frame

· TDD: 6 DL subframes per radio frame

· Noc (AWGN) specified as dBm/15kHz, constant across Ch BW

· Various Propagation conditions

· SNR changes according to time periods during test

· Reports CQI as:

· PUCCH 1-0 (wideband CQI, no PMI reporting)

Summary:

No new requirements arise from Radio Link Monitoring: 

With the assumption that RLM tests falls in the same grouping as performance/demodulation the following calculations are used:
In the discussion paper [4] by Anritsu the Total Test System Uncertainty is described and calculated for demodulation test cases in TS36.521-1. The following example is given in chapter 4 of [4]:
Overall system uncertainty for fading conditions comprises three quantities:

1. Signal-to-noise ratio uncertainty

2. Fading profile power uncertainty
3. Effect of AWGN flatness and signal flatness
Items 1, 2 and 3 are assumed to be uncorrelated so can be root sum squared:
AWGN flatness and signal flatness has x 0.25 effect on the required SNR, so use sensitivity factor of x 0.25 for the uncertainty contribution. 

Test System uncertainty = SQRT (Signal-to-noise ratio uncertainty 2 + Fading profile power uncertainty 2 + (0.25 x AWGN flatness and signal flatness) 2)

Signal-to-noise ratio uncertainty ±0.3 dB

Fading profile power uncertainty ±0.5 dB

AWGN flatness and signal flatness ±2.0 dB
Putting numbers into the formula for single antenna transmission with fading (Test 3), we get:

Test System uncertainty = SQRT (0.3 2 + 0.5 2 + (0.25 x 2.0) 2) = 0.768dB, round to 0.8dB.
For two antenna transmission (Test 4) the Fading profile power uncertainty is ±0.7dB (same as demodulation test case 8.2.1.3.), so we get:

Test System uncertainty = SQRT (0.3 2 + 0.7 2 + (0.25 x 2.0) 2) = 0.911dB, round to 0.9dB.
· The Radio Link Monitoring tests SNR uncertainty for subtest 3 (fading) should be 0.8dB.
· The Radio Link Monitoring tests SNR uncertainty for subtest 4 (fading) should be 0.9dB.
For subtest 1&2 (static) the corresponding calculation would be:
Test System uncertainty = SQRT (Signal-to-noise ratio uncertainty 2 + (0.25 x AWGN flatness and signal flatness) 2)
Signal-to-noise ratio uncertainty ±0.3 dB
AWGN flatness and signal flatness ±2.0 dB
Putting numbers into the formula, we get:
· Test System uncertainty = SQRT (0.3 2 + (0.25 x 2.0) 2) = 0.583dB, round to 0.6dB.
3.1 Test tolerance offset
The following test tolerance offsets are suggested:
With reference to to picture 3-1.
SNR1+TT
SNR2+TT

SNR3-TT

The critical SNR value for the out-of-sync test is when Qout is passed, the core requirement are based on that the UE detects out-of-sync when SNR goes under Qout. The UE shall then turn of it’s transmitter within [240] ms. Hence the TT is added to SNR2 and substracted from SNR3.
This will give the following SNR values including the TT’s (original SNR requirements from Table 7.3.1.5-1 and Table 7.3.1.5-2 in [1]):
Subtest 1:

SNR1 = - 4.7 + 0.6 = - 4.1 dB
SNR2 = - 9.5 + 0.6 = - 8.9 dB
SNR3 = - 13.5 - 0.6 = - 14.1 dB
Subtest 2:

SNR1 = - 4.9 + 0.6 = - 4.3 dB
SNR2 = - 9.5 + 0.6 = - 8.9 dB
SNR3 = - 13.5 - 0.6 = -14.1 dB
Subtest 3:

SNR1 = - 1.4 + 0.8 = - 0.6 dB
SNR2 = - 5.5 + 0.8 = - 4.7 dB
SNR3 = - 11.5 - 0.8 = - 12.3 dB
Subtest 4:

SNR1 = - 2.3 + 0.9 = - 1.4 dB
SNR2 = - 6.2 + 0.9 = - 5.3 dB
SNR3 = - 12.2 - 0.9 = - 13.1 dB
Se [8] for the corresponding CR to this discussionpaper.
4. Discussion and Agreement
· Treat RLM test in the same way as Performance/Demodulation tests in TS36.521-1
· Agree on derived test tolerances in section 3.1
· Agree on Test tolerance offsets and calculated SNR’s in section 3.1.
· Agree on the corresponding CR in [8]
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