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1.
Introduction

The purpose of this document is to present the methodology and principles used for the development of Test Tolerances for RRM tests 6.2.1: E-UTRAN FDD - Contention Based Random Access test and 6.2.3: E-UTRAN TDD – Contention Based Random Access test. These tests are part of GCF Priority 1.
The test cases in question, from TS 36.521-3, are:

· 6.2.1, E-UTRAN FDD – Contention Based Random Access test
· 6.2.3, E-UTRAN TDD – Contention Based Random Access test

This document describes the process to derive the Test Tolerances. 

2. 
Test Tolerances Methodology for 6.2.1: E-UTRAN FDD – Contention Based Random Access test in TS 36.521-3
The test conditions are defined in the following extract from TS 36.521-3 v9.1.0. A new Table 6.2.1.5-5 is required to define the uplink Timing error limit, shown with yellow highlight. Changes provided in a CR are also shown with yellow highlight.
6.2.1
E-UTRAN FDD – Contention Based Random Access test
<< Some clauses skipped >> 
6.2.1.5
Test requirement

Tables 6.2.1.5-1 and 6.2.1.5-2 define the primary level settings for E-UTRAN FDD – contention based random access test. Table 6.2.1.5-5 defines the timing error limit including test tolerances.
Table 6.2.1.5-1: Cell Specific Test requirement Parameters for E-UTRAN FDD – Contention Based Random Access test

	Parameter
	Unit
	Value
	Comments

	E-UTRA RF Channel Number
	
	1
	

	BWchannel
	MHz
	10
	

	OCNG Pattern 
	
	OP.1 FDD
	As defined in D.1.1.

	PDSCH parameters
	
	DL Reference Measurement Channel R.0 FDD
	As defined in A.1.1.

	PCFICH/PDCCH/PHICH parameters 
	
	DL Reference Measurement Channel R.6 FDD
	As defined in A.1.2.

	PBCH_RA
	dB
	0
	

	PBCH_RB
	dB
	
	

	PSS_RA
	dB
	
	

	SSS_RA
	dB
	
	

	PCFICH_RB
	dB
	
	

	PHICH_RA
	dB
	
	

	PHICH_RB
	dB
	
	

	PDCCH_RA
	dB
	
	

	PDCCH_RB
	dB
	
	

	PDSCH_RA
	dB
	
	

	PDSCH_RB
	dB
	
	

	OCNG_RA Note 1
	dB
	
	

	OCNG_RB Note 1 
	dB
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	dB
	3 + TT
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	dBm/15 KHz
	-98
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	dB
	3 + TT
	

	Io Note 2
	dBm/9 MHz
	-65.5 + TT
	

	RSRP Note 3
	dBm/15 KHz
	-95 + TT
	

	referenceSignalPower 
	dBm/15 KHz
	-5
	As defined in clause 6.3.2 in 3GPP TS 36.331 [5].

	Configured UE transmitted power (
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	dBm
	23
	As defined in clause 6.2.5 in 3GPP TS 36.101 [2].



	PRACH Configuration Index 
	-
	4
	As defined in table 5.7.1-2 in 3GPP TS 36.211 [9].

	Backoff Parameter Index
	-
	2
	As defined in table 7.2-1 in 3GPP TS 36.321 [11].

	Propagation Condition 
	-
	AWGN
	

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

Note 2: Io level has been derived from other parameters for information purpose. It is not a settable parameter.

Note 3: RSRP level has been derived from other parameters for information purposes. It is not a settable parameter.


<< Some clauses skipped >> 
Test 1: Correct behaviour when receiving random access response reception

· The power of the first preamble shall be -30 dBm to within the accuracy specified in Table 6.2.1.5-3

· The relative power for preamble ramping steps shall be 2 dB to within the accuracy specified in Table 6.2.1.5-4

· The transmit timing of all PRACH transmissions shall be within the accuracy specified in Table 6.2.1.5-5

Test 2: Correct behaviour when not receiving random access response reception

· The power of the first preamble shall be -30 dBm to within the accuracy specified in Table 6.2.1.5-3

· The relative power for preamble ramping steps shall be 2 dB to within the accuracy specified in Table 6.2.1.5-4

· The transmit timing of all PRACH transmissions shall be within the accuracy specified in Table 6.2.1.5-5

<< Functional test requirements in tests 3, 4, 5, 6 skipped >> 

Table 6.2.1.5-3: Absolute power tolerance for E-UTRAN FDD – Contention Based Random Access test 

	Tolerance

	Normal Conditions  
	Extreme Conditions  

	± 9.0 dB + TT
	± 12.0 dB + TT


Table 6.2.1.5-4: Relative power tolerance for E-UTRAN FDD – Contention Based Random Access test 

	power step size (Up or down)
	PRACH



	
	Normal Conditions
	Extreme Conditions

	ΔP [dB]
	[dB]
	[dB]

	2 ≤ ΔP < 3
	±3.0 + TT


	±5.0 + TT

	Note 1:
For extreme conditions an additional ± 2.0 dB relaxation is allowed for PRACH allocations


Table 6.2.1.5-5: Test requirements for Te Timing Error Limit for E-UTRAN FDD – Contention Based Random Access test

	Downlink Bandwidth (MHz)
	Te

	≥3
	12*TS + TT

	Note: TS is the basic timing unit defined in TS 36.211 [9]


The same treatment for Test Tolerances can be applied for both FDD and E-UTRAN TDD – Contention Based Random Access test. For the TDD test case 6.2.3 most parameters are identical to the FDD test case 6.2.1, but the PRACH Configuration Index is different and gives a different first preamble power. A separate calculation of first preamble power limits is therefore shown for TDD.    
3. 
Calculation of Test Tolerances
The test consists of six subtests with one cell configured; the difference between the Subtests is related to the UE behaviour scenarios for the random access procedure. Of the Subtests, only Test 1 and Test 2 require test system measurement uncertainties to be specified and Test Tolerances to be applied to the Test Requirements. Tests 3, 4, 5, and 6 are functional tests. 
The UE shall have the capability to calculate PRACH transmission power according to the PRACH power formula and apply this power level at the first preamble or additional preambles. The transmit timing of all PRACH transmissions shall be within the accuracy specified in TS 36.133. 
Both Test 1 and Test 2 have three measurements:

· Absolute power of first PRACH preamble

· Relative power of subsequent four PRACH preambles

· Timing of each PRACH preamble

The test system uncertainty needs to be specified for each of these measurements, and the test requirements needs to be widened by the amount of the test system uncertainty.

3.1
Calculations for Absolute Power Tolerance
As seen in the table 6.2.1.5-3 below the Test Tolerances that needs to be settled is for the normal and extreme conditions absolute power tolerance for Subtest 1 and 2.
Table 6.2.1.5-3: Absolute power tolerance for E-UTRAN FDD – Contention Based Random Access test 

	Tolerance

	Normal Conditions  
	Extreme Conditions  

	± 9.0 dB + TT
	± 12.0 dB + TT


The maximum overall test system uncertainty for this test is ±1.1 dB. The derivation is given in section 3.4 of this document. The test tolerances based on test requirements are as such for Subtest 1 and 2:
Formula: Upper limit + TT, Lower limit - TT

Normal conditions = ± 10.1 dB
Extreme conditions = ± 13.1 dB
3.2
Calculations for Relative Power Tolerance
As seen in the table 6.2.1.5-4 below the Test Tolerances that needs to be settled is for the PRACH relative power tolerance for Subtest 1 and 2.
Table 6.2.1.5-4: Relative power tolerance for E-UTRAN FDD – Contention Based Random Access test 

	power step size (Up or down)
	PRACH



	
	Normal Conditions
	Extreme Conditions

	ΔP [dB]
	[dB]
	[dB]

	2 ≤ ΔP < 3
	±3.0 + TT


	±5.0 + TT

	Note 1:
For extreme conditions an additional ± 2.0 dB relaxation is allowed for PRACH allocations


Based on TS 36.521-1 v9.1.0 maximum test system uncertainty value for power control relative power tolerance is ±0.7 dB. The test tolerances based on test requirements are as such for Subtest 1 and 2:

Formula: Upper limit + TT, Lower limit – TT 
Normal conditions = ± 3.7 dB
Extreme conditions = ± 5.7 dB

3.3
Calculations for Transmit Timing

The UE initial transmission timing error shall be less than or equal to (Te where the timing error limit value Te is specified in Table 6.2.1.5-5.
Table 6.2.1.5-5: Test requirements for Te Timing Error Limit for E-UTRAN FDD – Contention Based Random Access test
	Downlink Bandwidth (MHz)
	Te

	≥3
	12*TS + TT

	Note: TS is the basic timing unit defined in TS 36.211 [9]


The Test tolerance for uplink signal transmit timing relative to downlink is 3 * Ts, considered to be a reasonable uncertainty value for the Test system measurement of transmit timing. This was derived from taking 25% of the tightest UE core requirement, which is 12 * Ts for ≥3 MHz Channel bandwidth, giving a ±3 * Ts uncertainty.

Formula: Upper limit + TT, Lower limit – TT:

Normal conditions = ± 15 * TS
Extreme conditions = ± 15 * TS
3.4
Uncertainties affecting Absolute Power Measurement
Effect of Downlink signal level uncertainty

To determine the PRACH power, the UE uses the formula specified in TS 36.213 clause 6.1 as such:

· A preamble transmission power PPRACH is determined as 
PPRACH = min{
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,  PREAMBLE_RECEIVED_TARGET_POWER + PL}_[dBm], where 
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 is the configured UE transmitted power defined in [6]  and PL is the downlink pathloss estimate calculated in the UE.
In this case 
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 is signalled as + 23 dBm in TS 36.521-3 v9.7.0 Table H.2.6-1, and turns out to be much higher than the pathloss term, so the formula simplifies to:

PPRACH = PREAMBLE_RECEIVED_TARGET_POWER + PL [dBm],
From TS 36.321 clause 5.1.3:

5.1.3
Random Access Preamble transmission

The random-access procedure shall be performed as follows:

-
set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep;
preambleInitialReceivedTargetPower is signalled as -120 dBm in TS 36.521-3 v9.7.0 Table H.2.6-2, and DELTA_PREAMBLE is a value that depends on the PRACH Configuration Index and is different for FDD and TDD.

For the FDD Test case 6.2.1:

· PRACH Configuration Index 4 specified in TS 36.521-3 v9.7.0 Table 6.2.1.5-1 maps to Preamble format 0 in TS 36.211 Table 5.7.1-2 (Frame structure type 1 = FDD)
· Preamble format 0 maps to DELTA_PREAMBLE value = 0dB in TS 36.321 Table 7.6-1 

For the TDD Test case 6.2.3:

· PRACH Configuration Index 53 specified in TS 36.521-3 v9.7.0 Table 6.2.3.5-1 maps to Preamble format 4 in TS 36.211 Table 5.7.1-3 (Frame structure type 2 = TDD)
· Preamble format 4 maps to DELTA_PREAMBLE value = 8dB in TS 36.321 Table 7.6-1 

For the first preamble the term (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep evaluates to zero. 
The UE estimates pathloss according to the formula specified in TS 36.213 clause 5.1.1.1:
· PL is the downlink pathloss estimate calculated in the UE in dB and PL = referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is provided by higher layers and RSRP is defined in [5] and the higher layer filter configuration is defined in [11]
referenceSignalPower is signalled as -5 dBm in TS 36.521-3 v9.7.0 Table H.2.6-3 and the RSRP is nominally -95 dBm for both FDD and TDD, so the UE will calculate:
For the FDD Test case 6.2.1:

· PPRACH = -120 dBm +0dB + (-5 dBm – (-95 dBm)) = -30 dBm
For the TDD Test case 6.2.3:

· PPRACH = -120 dBm +8dB + (-5 dBm – (-95 dBm)) = -22 dBm

The key points are that the UE calculation of PPRACH gives different values for FDD and TDD, and that the power is directly dependent on RSRP, so any uncertainty in the test system downlink signal level will have an impact directly to variability in the UE PRACH power.
Downlink uncertainty values
The SS provides 1 cell with AWGN to the UE. We propose to control the following parameters:

· AWGN absolute power, Noc1 ±0.7 dB averaged over BWConfig
· Ratio of cell 1 signal / AWGN, Ês1 / Noc1 ±0.3 dB averaged over BWConfig
These values are commonly used in other RRM tests.
The RSRP is calculated as (
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Uplink power measurement uncertainty values
Uplink Absolute power measurement, ±0.7 dB
This value is used in other uplink power tests.

Overall PRACH absolute power uncertainty value
The overall uncertainty is derived by taking into account both the downlink and uplink uncertainties:

Test System Uncertainty = SQRT (Downlink AWGN absolute power uncertainty 2 + 
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 uncertainty 2 + Uplink power measurement uncertainty 2) = SQRT (0.72 + 0.32 + 0.72) = 1.03 dB, round up to 1.1 dB
3.5
Key Signal level parameters in test case

There is no need to change the signal level parameters to cover the variability from uncertainties; hence no offsets were applied. Therefore, the parameters are as such:
· 
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 = 3 dB
· 
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 = -98 dBm/15 kHz
· 
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 = 3 dB

· Io = -65.5 dBm/9 MHz

· RSRP = -95 dBm/15 kHz
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