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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 test 6.1.1  and 6.1.3. These tests are part of GCF Priority 1.
The test cases in question, from TS 36.521-3, are :

· 6.1.1, E-UTRAN FDD Intra-frequency RRC Re-establishment
· 6.1.3, E-UTRAN TDD Intra-frequency RRC Re-establishment
This document describes the process to derive the Test Tolerances. The calculations are provided in the accompanying spreadsheet.

2. 
Test case in TS 36.521-3

The test conditions of  6.1.1 are defined in the following extract from TS 36.521-3 v9.1.0. 
6.1.1
E-UTRAN FDD Intra-frequency RRC Re-establishment 
<< Some clauses skipped >> 
Table 6.1.1.4.1-1: General test parameters for E-UTRAN FDD intra-frequency RRC Re-establishment test case

	Parameter
	Unit
	Value
	Comment

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

	PCFICH/PDCCH/PHICH parameters
	
	DL Reference Measurement Channel R.6 FDD
	As specified in section A.2.1

	Initial conditions
	Active cell
	
	Cell 1
	

	
	Neighbouring cell
	
	Cell 2
	

	Final condition
	Active cell
	
	Cell 2
	

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

	Channel Bandwidth (BWchannel)
	MHz
	10
	

	N310
	-
	1
	Maximum consecutive out-of-sync indications from lower layers

	N311
	-
	1
	Minimum consecutive in-sync indications from lower layers

	T310
	ms
	0
	Radio link failure timer; T310 is disabled

	T311
	ms
	3000
	RRC re-establishment timer

	DRX
	
	OFF
	

	CP length
	
	Normal
	

	Access Barring Information
	-
	Not Sent
	No additional delays in random access procedure.

	PRACH configuration index
	
	4
	As specified in table 5.7.1-2 in TS 36.211

	Time offset between cells
	ms
	3
	Asynchronous cells
3ms or 92160*Ts

	T1
	s
	5
	

	T2
	ms
	200 
	

	T3
	s
	3
	


<< Some clauses skipped >> 
6.1.1.5
Test requirement

 Table 6.1.1.5-1 defines the primary level settings including test tolerances for E-UTRAN FDD Intra-frequency RRC Re-establishment test case.
Table 6.1.1.5-1: Cell specific test parameters for E-UTRAN FDD intra-frequency RRC Re-establishment test case

	Parameter
	Unit
	Cell 1
	Cell 2

	
	
	T1
	T2
	T3
	T1
	T2
	T3

	E-UTRA RF Channel Number
	
	1
	1

	BWchannel
	MHz
	10
	10

	OCNG Patterns defined in A.3.2.1.1 (OP.1 FDD) and in A.3.2.1.2 (OP.2  FDD)
	
	OP.1 FDD
	OP.1 FDD
	OP.2 FDD
	OP.2 FDD
	OP.2 FDD
	OP.1 FDD

	PBCH_RA
	dB
	0
	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_RANote 1
	dB
	
	

	OCNG_RBNote 1 
	dB
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	dB
	1.54 + TT
	-Infinity
	-Infinity
	-3.79 + TT
	4 + TT
	4 + TT
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 Note 2
	dBm/15 KHz
	-98
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	dB
	7 + TT
	-Infinity
	-Infinity
	4 + TT
	4 + TT
	4 + TT

	RSRP Note 3
	dBm/15 KHz
	-91 +TT
	-Infinity
	-Infinity
	-94 + TT
	-94 + TT
	-94 + TT

	Propagation Condition 
	
	AWGN

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

Note 2: Interference from other cells and noise sources not specified in the test is assumed to be constant over subcarriers and time and shall be modelled as AWGN of appropriate power for 
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 to be fulfilled.

Note 3: RSRP levels have been derived from other parameters for information purposes. They are not settable parameters themselves.


The test conditions of  6.1.3 are defined in the following extract from TS 36.521-3 v9.6.0. 
6.1.3
E-UTRAN TDD Intra-frequency RRC Re-establishment
<< Some clauses skipped >> 
Table 6.1.3.4.1-1: General test parameters for E-UTRAN TDD intra-frequency RRC Re-establishment test case
	Parameter
	Unit
	Value
	Comment

	PDSCH parameters
	
	DL Reference Measurement Channel R.0 TDD
	As specified in section A.1.2

	PCFICH/PDCCH/PHICH parameters
	
	DL Reference Measurement Channel R.6 TDD
	As specified in section A.2.2

	Initial conditions
	Active cell
	
	Cell 1
	

	
	Neighbouring cell
	
	Cell 2
	

	Final condition
	Active cell
	
	Cell 2
	

	E-UTRA RF Channel Number
	
	1
	Only one TDD carrier frequency is used.

	Channel Bandwidth (BWchannel)
	MHz
	10
	

	N310
	-
	1
	Maximum consecutive out-of-sync indications from lower layers

	N311
	-
	1
	Minimum consecutive in-sync indications from lower layers

	T310
	 
ms
	0
	Radio link failure timer; T310 is disabled

	T311
	ms
	3000
	RRC re-establishment timer

	DRX
	
	OFF
	

	CP length
	
	Normal
	

	Access Barring Information
	-
	Not Sent
	No additional delays in random access procedure.

	Special subframe configuration
	
	6
	As specified in table 4.2-1 in TS 36.211

	Uplink-downlink configuration
	
	1
	As specified in table 4.2-2 in TS 36.211

	PRACH configuration index
	
	53
	As specified in table 5.7.1-3 in TS 36.211

	Time offset between cells
	(s
	3
	Synchronous cells
3(s or 92*Ts

	T1
	s
	5
	

	T2
	ms
	200
	

	T3
	s
	3
	


<< Some clauses skipped >> 
6.1.3.5
Test requirement

 Table 6.1.3.5-1 defines the primary level settings including test tolerances for E-UTRAN TDD Intra-frequency RRC Re-establishment test case.
Table 6.1.3.5-1: Cell specific test parameters for E-UTRAN TDD intra-frequency RRC Re-establishment test case
	Parameter
	Unit
	Cell 1
	Cell 2

	
	
	T1
	T2
	T3
	T1
	T2
	T3

	E-UTRA RF Channel Number
	
	1
	1

	BWchannel
	MHz
	10
	10

	OCNG Patterns defined in D.2.1 (OP.1 TDD) and in D.2.2 (OP.2  TDD)
	
	OP.1 TDD
	OP.1 TDD
	OP.2 TDD
	OP.2 TDD
	OP.2 TDD
	OP.1 TDD

	PBCH_RA
	dB
	0
	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_RANote 1
	dB
	
	

	OCNG_RBNote 1 
	dB
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	dB
	1.54+TT
	-Infinity
	-Infinity
	-3.79+TT
	4+TT
	4+TT
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 Note 2
	dBm/15 KHz
	-98
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	dB
	7+TT
	-Infinity
	-Infinity
	4+TT
	4+TT
	4+TT

	RSRP Note 3
	dBm/15 KHz
	-91+TT
	-Infinity
	-Infinity
	-94+TT
	-94+TT
	-94+TT

	Propagation Condition 
	
	AWGN

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

Note 2:
Interference from other cells and noise sources not specified in the test is assumed to be constant over subcarriers and time and shall be modelled as AWGN of appropriate power for 
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 to be fulfilled.

Note 3:
RSRP levels have been derived from other parameters for information purposes. They are not settable parameters themselves.


We note that the level and time parameters for FDD and TDD respectively in tables 6.1.1.5-1 and 6.1.3.5-1-are identical, so the same treatment for Test Tolerances can be applied for both Test cases. The TDD test case 6.1.3 is synchronous, meaning that the two cells are time offset by only 3 (s. Symbols therefore overlap, and intra-frequency interference has to be considered for TDD. Taking this into account will ensure that the proposed solution can be applied to both FDD and TDD test cases.    

3. 
Discussion

The test case has 3 time periods: T1, T2 and T3. To analyse the test case it is helpful to visualise these as pie-charts showing the distribution of power, as below:
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3.1 Observations
· T1 is the only time period during which Cell 1 and Cell 2 are both present
· During T1 Cell 1 is 3 dB stronger than Cell 2
· During T2 and T3 Cell 1 does not exist
· The AWGN remains the same absolute power during T1, T2 and T3.

3.2 Handover Criteria and Test case verdict

The design of the test case requires Cell 1 and Cell 2 to be detectable during T1, but the relative RSRP difference between Cell 2 and Cell 1 does not appear to be critical.

A detailed analysis of the test case is given in section 5 of this document.

4. 
Choice and values of uncertainties to be specified

The SS provides AWGN and 2 intra-frequency cells to the UE. We propose to control the following parameters:

· AWGN absolute power, Noc ±1.0 dB
· Ratio of cell 1 signal / AWGN, Ês1 / Noc ±0.3 dB
· Ratio of cell 2 signal / AWGN, Ês2 / Noc ±0.3 dB
This choice forms a minimum set, so the superposition principle can be applied if necessary. For these test cases the signals are not faded, and the values for Ês / Noc are chosen to be similar to other intra-frequency test cases. The absolute level of Noc is not critical, and is specified as ±1.0 dB.
5. 
Calculation of Test Tolerances

General approach

The general approach is given in the steps below:    

a) Copy the originally specified key parameters from the core requirements

b) Where relevant, calculate derived parameters from the core requirements

c) Define uncertainties for a minimum set of parameters

d) Define controlled parameters (critical to the test verdict), calculate sensitivity factors and uncertainty

e) Determine which original or derived parameters to offset (apply Test Tolerances to) and by how much

f) Recalculate original or derived parameters including Test Tolerances

g) Check that the controlled parameters meet requirements to get the correct test verdict

Each step is explained below, and the calculations are given in the accompanying spreadsheet.    
a) Original specified key parameters

The key parameters are copied from Table 6.1.1.5-1 in TS 36.521-3 v9.1.0. The key parameters are selected as the minimum set to define the cell power levels, and which are subject to a test system uncertainty which may affect the verdict of the test. 

The key parameters appear in section a) of the accompanying spreadsheet. The layout for Cell 1 and Cell 2 is similar to Table 6.1.1.5-1 in TS 36.521-3, but the AWGN is given a separate set of columns for each frequency. This allows the spreadsheet calculations to be done in a consistent way. 

b) Derived parameters

A number of derived parameters are calculated, using the base information in a). The reason for deriving each additional parameter is given in the “Comment” column of section b) in the accompanying spreadsheet. 

In this test case at the start of T2, Cell 1 disappears, and the UE is expected to re-establish the link using Cell 2.
c) Uncertainties

The choice of uncertainties is covered in section 4 of this document. They appear in section c) of the accompanying spreadsheet. 

d) Controlled parameters critical to verdict

A diagram giving the powers of Cell 1 and Cell 2 during T1, T2 and T3 is provided in section 3 of this document. This is the most appropriate view to analyse the critical parameters for this test.
· During T1, the UE is in RRC_CONNECTED state and both Cell 1 and Cell 2 are present, and must be detectable. The relevant conditions are defined in the following extract from TS 36.133 v9.4.0:

8.1.2.2.1
E-UTRAN FDD intra frequency measurements

8.1.2.2.1.1
E-UTRAN intra frequency measurements when no DRX is used
<< Some clauses skipped >> 

A cell shall be considered detectable when 

-
RSRP related side condition given in Section 9.1 are fulfilled for a corresponding Band,

-
SCH_RP|dBm > -127 dBm for Bands 1, 4, 6, 10, 11, 18, 19, 21 and SCH  Ês/Iot > - 6 dB.

-
SCH_RP|dBm( -126 dBm for Band 9 and SCH Ês/Iot  > - 6 dB,

-
SCH_RP |dBm( -125 dBm for Bands 2, 5, 7, 17 and SCH Ês/Iot >  - 6 dB,

-
SCH_RP |dBm( -124 dBm for Bands 3, 8, 12, 13, 14, 20 and SCH Ês/Iot > - 6 dB.
To find the relevant conditions for RSRP, we have to select the relevant part of TS 36.133 clause 9.1, which is:
9.1.2
Intra-frequency RSRP Accuracy Requirements

9.1.2.1
Absolute RSRP Accuracy

The requirements for absolute accuracy of RSRP in this section apply to a cell on the same frequency as that of the serving cell.
The accuracy requirements in Table 9.1.2.1-1 are valid under the following conditions:

Cell specific reference signals are transmitted either from one, two or four antenna ports.

Conditions defined in 36.101 Section 7.3 for reference sensitivity are fulfilled.

RSRP|dBm( -127 dBm for Bands 1, 4, 6, 10, 11, 18, 19, 21, 33, 34, 35, 36, 37, 38, 39, 40, 
RSRP|dBm( -126 dBm for Bands 9, 

RSRP|dBm( -125 dBm for Bands 2, 5, 7, 17,

RSRP|dBm( -124 dBm for Bands 3, 8, 12, 13, 14, 20.
To fulfil these conditions Cell 1 and Cell 2 Es/Iot must be ≥ -6dB, and the tightest requirement for both SCH and RSRP power is ≥ -124dBm.
· During T2 and T3, Cell 2 is present, and must be detectable. Since the test verdict is only dependent on the UE being able send PRACH, the relevant conditions are defined in the following extract from TS 36.133 v9.4.0:

4.2.2.3
Measurements of intra-frequency E-UTRAN cells

The UE shall be able to identify new intra-frequency cells and perform RSRP and RSRQ measurements of identified intra-frequency cells without an explicit intra-frequency neighbour list containing physical layer cell identities.

The UE shall be able to evaluate whether a newly detectable intra-frequency cell meets the reselection criteria defined in TS36.304 within Tdetect,EUTRAN_Intra when that Treselection= 0 .  An intra frequency cell is considered to be detectable if:

-
RSRP|dBm > -124 dBm for Bands 1, 4, 6, 10, 11, 18, 19, 21,  33, 34, 35, 36, 37, 38, 39, 40 and RSRP Ês/Iot ( -4 dB,

-
RSRP|dBm( -123 dBm for Bands 9 and RSRP Ês/Iot ( -4 dB,

-
RSRP|dBm( -122 dBm for Bands 2, 5, 7, 17 and RSRP Ês/Iot ( -4 dB,
-
RSRP|dBm( -121 dBm for Bands 3, 8, 12, 13, 14, 20 and RSRP Ês/Iot ( -4 dB,

-
SCH_RP|dBm > -124 dBm for Bands 1, 4, 6, 10, 11, 18, 19, 21, 33, 34, 35, 36, 37, 38, 39, 40 and SCH Ês/Iot  ( -4 dB,

-
SCH_RP|dBm(-123 dBm for Band 9 and SCH Ês/Iot ( -4 dB, 

-
SCH_RP |dBm( -122 dBm for Bands 2, 5, 7, 17 and SCH Ês/Iot  ( -4 dB,
-
SCH_RP |dBm( -121 dBm for Bands 3, 8, 12, 13, 14, 20 and SCH Ês/Iot  ( -4 dB.
To fulfil these conditions Cell 2 Es/Iot must be ≥ -4dB, and the tightest requirement for both SCH and RSRP power is ≥ -121dBm.

Cell 1 and Cell 2 Es/Iot are therefore controlled parameters, and so are Cell 1 and Cell 2 SCH and RSRP power. Information about the value to be achieved is given later in the “Comment” column of section g) in the spreadsheet
In many RRM test cases, and particularly intra-frequency multi-cell tests, there is not a simple one-to-one relationship between the parameters that can be set by the test equipment, and their effect on parameters determining the test verdict.

In general all the values are listed for each time interval T1, T2 and T3 but as cell 1 is not present during T2 and T3 those entries are greyed out (the formulae are left in place for use by future test cases).
Having identified the parameters critical to the test verdict which need to be controlled, we now need to consider how they are affected by the parameters which can be set by the test equipment. This is done by working out “sensitivity factors”. A sensitivity factor is just the ratio (effect on a critical parameter y / a test equipment uncertainty x), and is usually in dB/dB. Often it can be derived by inspection as one or zero. For example, an error of 1dB in the absolute AWGN level Noc would cause 1dB error in the Cell 1 RSRP, so the sensitivity factor is 1.000 during T1. However the same error of 1dB in the absolute AWGN level Noc would cause no change to Cell 2 Es/Iot, because all other powers are specified relative to Noc, so the sensitivity factor is zero.

In some cases, the sensitivity factor is an intermediate value. For example, the Cell 2 Es/Noc has an effect on Cell 1 Es/Iot which depends on ratios of the powers making up the total. In such cases a sensitivity factor value between 0 and 1 results. It is important to calculate these correctly to obtain the overall uncertainty.

For example,

· During T1, the effect of Cell 2 Es/Noc uncertainty on Cell 1 Es/Iot  is x 0.715
These factors can also be derived intuitively, by looking at the pie chart for T1 in section 3. For example, Cell 2 forms 29.5% / (11.7%+29.5%) of the total interference to Cell 1, which is 0.715. A change in the power of Cell 2 Es/Noc alone is diluted in the overall interference.

Having filled in the matrix of sensitivity factors, the accompanying spreadsheet calculates the overall uncertainty for each controlled parameter, taking into account the uncertainties and sensitivity factors for each parameter that can be set by the test equipment. This process follows the superposition principle. More details and explanation can be found in section 4 of TS 36.903. Uncertainties are calculated separately for T1, T2 and T3.
The normal procedure of combining uncorrelated uncertainties root-sum-square is followed. 
e) Determine parameters to offset

During T1 for both Cell 1 and Cell 2 the uncertainties do not take Es/Iot or RSRP and SCH power outside the allowed range.

During T2 and T3, the uncertainties do not take Cell 2 Es/Iot or RSRP and SCH power outside the allowed range.

From the calculation in the accompanying excel sheet, the controlled parameters meet all requirements without any offsets. No offsets are therefore required either during T1, T2 or T3.
f) Parameters modified by Test Tolerances

As no offsets have been applied, all values are the same as in section b).

g) Check controlled parameters Min/Max

It can be seen that with the uncertainty values and Test Tolerances proposed, all the requirements are met.
6. Treatment of E-UTRAN TDD intra-frequency RRC Re-establishment test case 6.1.3
TS 36.521-3 also contains a similar TDD intra-frequency RRC Re-establishment test case in clause 6.1.3. The TDD test case 6.1.3 is synchronous, meaning that the two cells are time offset by 3µs. As intra-frequency interference has already been considered for the FDD case, it will be no worse for TDD.   

The TDD test case in 6.1.3 has the same 3 time intervals T1, T2 and T3 and the signal levels are similar, so we propose to apply the same level uncertainties and Test Tolerances approach as for FDD. The tab “TC 6.1.3” was therefore copied from the tab “TC 6.1.1”, with minor edits to correct references .
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