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1.
Introduction
This discussion paper relates to the intra frequency E-UTRAN TDD relative RSRP accuracy Test case 9.1.2.2 in TS 36.521-3 [1].
For RRM, “prototype” test cases are defined in Annex A of TS 36.133 [2]. 
A CR introducing uncertainties and Test Tolerances for Test case 9.1.2.2 in TS 36.521-3 is provided in [4].
This Tdoc 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 are defined in the following extract from TS 36.521-3 [1]:

9.1.2.2
TDD Intra Frequency Relative Accuracy of RSRP

<< Some clauses skipped >> 

9.1.2.2.5
Test requirement

Table 9.1.2.2.5-2  defines the primary level settings including test tolerances for all tests. 

Each RSRP TDD intra-frequency relative accuracy test shall meet the accuracy test requirements in table 9.1.2.2.5-1 and the reported values test requirements in table 9.1.2.2.5-3. The mapping of measured quantity is defined in Table 9.1.2.2.5-3. The range in the signalling may be larger than the guaranteed accuracy range.
Table 9.1.2.2.5-1: RSRP TDD Intra frequency relative accuracy, test requirements
	Parameter
	Unit
	Accuracy [dB]
	Conditions1

	
	
	Normal condition
	Extreme condition
	Bands 1, 4, 6, 10, 18, 19, 33, 34, 35, 36, 37, 38, 39, 40
	Bands 2, 5, 7, 11, 17
	Bands 3, 8, 12, 13, 14
	Band 9

	
	
	
	
	Io
	Io
	Io
	Io

	RSRP for Ês/Iot > -3 dB
	dBm
	(2 + TT
	(3 + TT
	-121dBm/15kHz … -50dBm/ BWChannel
	-119dBm/15kHz … -50dBm/ BWChannel
	-118dBm/15kHz … -50dBm/ BWChannel
	-120dBm/15kHz … -50dBm/ BWChannel

	RSRP for Ês/Iot ≥ -6 dB
	dBm
	(3 + TT
	(3 + TT
	-121dBm/15kHz … -50dBm/ BWChannel
	-119dBm/15kHz … -50dBm/ BWChannel
	-118dBm/15kHz … -50dBm/ BWChannel
	-120dBm/15kHz … -50dBm/ BWChannel

	Note 1: Io is assumed to have constant EPRE across the bandwidth.
Note 2: The parameter Ês/Iot is the minimum Ês/Iot of the pair of cells.to which the requirement applies.


Table 9.1.2.2.5-2: RSRP TDD Intra frequency relative accuracy test parameters
	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	
	
	Cell 1
	Cell 2
	Cell 1
	Cell 2
	Cell 1
	Cell 2

	E-UTRA RF Channel Number
	
	1
	1
	1

	BWchannel
	MHz
	10
	10
	10

	Special subframe configurationNote1
	
	6
	6
	6

	Uplink/downlink configurationNote1
	
	1
	1
	1

	Measurement bandwidth
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	22—27
	22—27
	22—27

	PDSCH Reference measurement channel defined in A.1.2
	
	R.0 TDD
	-
	R.0 TDD
	-
	R.0 TDD
	-

	PDSCH allocation
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	13—36 
	-
	13—36 
	-
	13—36 
	-

	PDCCH/PCFICH/PHICH Reference measurement channel defined in A.2.2
	
	R.6 TDD
	R.6 TDD
	R.6 TDD

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

	PBCH_RA
	dB
	0
	0
	0
	0
	0
	0

	PBCH_RB
	
	
	
	
	
	
	

	PSS_RA
	
	
	
	
	
	
	

	SSS_RA
	
	
	
	
	
	
	

	PCFICH_RB
	
	
	
	
	
	
	

	PHICH_RA
	
	
	
	
	
	
	

	PHICH_RB
	
	
	
	
	
	
	

	PDCCH_RA
	
	
	
	
	
	
	

	PDCCH_RB
	
	
	
	
	
	
	

	PDSCH_RA
	
	
	
	
	
	
	

	PDSCH_RB
	
	
	
	
	
	
	

	OCNG_RANote2
	
	
	
	
	
	
	

	OCNG_RBNote2 
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	Bands 33, 34, 35, 36, 37, 38, 39 and 40
	dBm/15 kHz
	-106 
	-106
	-88
	-88
	-116
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	dB
	2.5+TT
	-6+TT
	2.5+TT
	-6+TT
	0.5+TT
	-5.76 +TT

	RSRPNote4
	Bands 33, 34, 35, 36, 37, 38, 39 and 40
	dBm/15 kHz
	-100
+TT
	-105
+TT
	-82+TT
	-87+TT
	-113
+TT
	-117
+TT

	IoNote4
	Bands 33, 34, 35, 36, 37, 38, 39 and 40
	dBm/9 MHz
	-70+TT
	-70+TT
	-52+TT
	-52+TT
	-82.43+TT
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	dB
	6+TT
	1+TT
	6+TT
	1+TT
	3+TT
	-1+TT

	Propagation condition
	-
	AWGN
	AWGN
	AWGN

	Note 1: 
For special subframe and uplink-downlink configurations see Tables 4.2-1 and 4.2-2 in 3GPP TS 36.211.   

Note 2: 
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 3: 
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 4: 
RSRP and Io levels have been derived from other parameters for information purposes. They are not settable parameters themselves.

Note 5:
RSRP minimum requirements are specified assuming independent interference and noise at each receiver antenna port.


Table 9.1.2.2.5-3: RSRP TDD Intra frequency relative accuracy requirements for the reported values

	
	Test 1
	Test 2
	Test 3

	Normal Conditions

	Lowest reported value (Cell 2)
	RSRP_(x - FFS) 
	RSRP_(x - FFS) 
	RSRP_(x - FFS) 

	Highest reported value (Cell 2)
	RSRP_(x + FFS)
	RSRP_(x + FFS)
	RSRP_(x + FFS)

	Extreme Conditions

	Lowest reported value (Cell 2)
	RSRP_(x - FFS) 
	RSRP_(x - FFS) 
	RSRP_(x - FFS) 

	Highest reported value (Cell 2)
	RSRP_(x + FFS)
	RSRP_(x + FFS)
	RSRP_(x + FFS)

	RSRP_x is the reported value of Cell 1


3. Discussion
The test case has 3 subtests: Test 1, Test 2 and Test 3. 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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The subtests are designed to test the UE at three points in the level range over which the relative RSRP accuracy requirement applies:

In all the 3 cases, the minimum Ês/Iot of the pair of cells is Ês/Iot ≥ -6 dB, thus the relative accuracy requirement is +/-3dB in normal conditions for all cases. The side condition to satisfy is 
· Test 1 applies at a mid-range power, Io just around -70dBm

· Test 2 applies at the highest power, Io just below -50dBm

· Test 3 applies at the lowest power, just above Ref. sensitivity

In all subtests the Ês/Iot value for the weaker cell 2 is set near the bottom of the range of Ês/Iot  ( -6 dB given in the core requirement 36.133 [2]. The UE measures the relative value of RSRP of cell 1 and cell 2. 
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 ±0.7 dB averaged over BWConfig
· AWGN absolute power, Noc ±1.0 dB for PRBs #22-27
· Ratio of cell 1 signal / AWGN, Ês1 / Noc ±0.3 dB averaged over BWConfig
· Ratio of cell 1 signal / AWGN, Ês1 / Noc ±0.8 dB for PRBs #22-27
· Ratio of cell 2 signal / AWGN, Ês2 / Noc ±0.3 dB averaged over BWConfig
· Ratio of cell 2 signal / AWGN, Ês2 / Noc ±0.8 dB for PRBs #22-27
In this test the UE measures the absolute power of Cell 1 and Cell 2 over specific Physical Resource Block (PRB) numbers #22 to #27. The generic AWGN parameters values similar to those used in performance tests are therefore unsuitable, because the AWGN flatness specification would allow a large deviation for the absolute power in PRBs #22 to #27.

Two sets of parameters are therefore given. The set averaged over the configured bandwidth have similar values to those already proposed for other tests. The set averaged over PRBs #22 to #27 have wider values, but constraining the deviation enough not to widen the RSRP reporting range too much.

We note also that the outcome of this test is a range of allowed RSRP difference values reported by the UE. The UE reporting accuracy given in 36.521-3 Table 9.1.2.2.3-1 (and repeated in Table 9.1.2.2.5-1) is therefore taken into account when determining the test limits, although it is not an uncertainty of the test system itself.       

This choice forms a minimum set (separately for PRBs #22-27, and for “averaged over BWConfig“), so the superposition principle can be applied if necessary.
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 selectively copied from Table 9.1.2.2.5-2 in TS 36.521-3 [1]. Note that Table 9.1.2.2.5-1 does not contain any parameters settable by the test system, and that Table 9.1.2.2.5-3 contains test limits that will be modified by the Test Tolerances at step g). The key parameters are selected as the minimum set to define the cell power levels, which are Noc, Cell 1 Es/Noc and Cell 2 Es/Noc. All the other parameters such as RSRP, Es/Iot and Io are derived, and not independently settable by the Test system.
The key parameters appear in section a) of the accompanying spreadsheet. The table layout has been adapted from Table 9.1.2.2.5-2 in TS 36.521-3 [1], to make it consistent with other RRM Test Tolerance spreadsheets and to allow 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.

c) Uncertainties
The choice of uncertainties is covered in section 4 of this document. They appear in section c) in the accompanying spreadsheet. 
d) Controlled parameters critical to verdict
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.

It is therefore essential to identify those parameters determining the test verdict. In this test case there are two aspects to consider:

· The uncertainties in the stimulus set by the Test system (Downlink signal)

· The uncertainties in the UE response (RSRP reports) 
The stimulus set by the Test system should be within the constraints (side conditions) for the UE measurement. For each cell they are the Es/Iot range, the RSRP power range, and the Io power range, over which the UE meets the specified Relative RSRP reporting accuracy. The 5 controlled parameters listed in the accompanying spreadsheet have been derived by study of the test case and by careful reading of the relevant clauses in TS 36.133 [2]. The reason for each parameter being critical to the test verdict is given briefly in the “Comment” column of section d) in the accompanying spreadsheet. Information about the value to be achieved is given later in the “Comment” column of section g) in the spreadsheet.
The uncertainty in UE reporting relative accuracy is also listed in a separate row. Both Cell 1 and Cell 2 have direct impact on the relative accuracy. An error of 1dB either in the Cell 1 power or Cell 2 would cause 1dB error in the Cell 1 RSRP – Cell 2 RSRP. The range of reported results is affected by both the Test system stimulus setting uncertainty and the UE reporting accuracy.  

In general all the values are listed for Test 1, Test 2 and Test 3.
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 for all tests. 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,

· In Test 1, the effect of Cell 2 Es/Noc uncertainty on Cell 1 Es/Iot  is x 0.557
These factors can also be derived intuitively, by looking at the pie chart for Test 1 in section 3. For example, Cell 2 forms 20.2% / (16%+20.2%) of the total interference to Cell 1, which is 0.557. 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 36.902 [7]. Although [7] relates to W-CDMA, the same principles apply to LTE. Uncertainties are calculated separately for Tests 1, 2 and Test 3.
For the test system uncertainties the normal procedure of combining uncorrelated uncertainties root-sum-square is followed.

When the test system uncertainties and the UE relative RSRP reporting accuracy are combined, the (root-sum square of test system uncertainties) is added arithmetically to the UE Relative RSRP reporting accuracy. If all the uncertainties were combined root-sum square, the resulting smaller test limits could case a conformant test system to fail a conformant UE, which would be unacceptable.
e) Determine parameters to offset

We observe that for all tests the Ês/Iot of the weaker cell 2 is very close to the lower limit of -6dB with nominal conditions. It is clear that the test equipment uncertainties could take the UE outside the allowed range, so the Es/Noc of Cell 2 is therefore increased by an amount sufficient to achieve Cell 2 Es/Iot >=-6dB. 

Note that by doing this, the Ês/Iot for the stronger cell 1 will drop a little lower than the original value. The check that all other controlled parameters meet their required range is done in step g).

We also observe that the nominal Io for Test 1 is -70dBm, but this is not a breakpoint for relative RSRP reporting and the variability from test system uncertainty will not have a significant effect. Therefore no offset is taken here. Note that for the other tests 2 and 3 the Test system uncertainty will not take the minimum or maximum Io values outside their limits either, so no offset is required.

The RSRP values for both cells remain inside the allowed range, and are checked in step g).
f) Parameters modified by Test Tolerances

Based on the decision in e), the set of parameters in a) and b) is reproduced in section f) of the accompanying spreadsheet, but this time modified by the Test Tolerances (applied offsets).
The Es/Noc of Cell 2 is increased by an amount sufficient to achieve Cell 2 Es/Iot >=-6dB. The actual offset required is +1.0dB for Tests 1 and 2, and Test 3. These values are found empirically by observing the minimum/maximum parameter values in step g). There are two alternatives on how to select the offset of Test 3. If applying 0.8dB offset, the lowest Es/Iot for Cell 2 can get even closer to -6dB limit (-5.93dB). However, this will introduce artificially non-integer value of RSRP difference of two cells. Considering Test 1 and Test 2 already stress the limit -6dB value, it is reasonable to allow cell 2 using -5.73dB instead to keep a integer setting. Therefore the 1dB offset is applied here in Test 3. 
Re-derived parameters are calculated using the same methods as were used in step b).
g) Check controlled parameters Min/Max

Using a format similar to that in step d), the nominal value of each controlled parameter is recalculated, as at least some will have changed from the original due to the application of the Test Tolerances in step f).

The minimum and maximum values, due to variability from uncertainties, of controlled parameters is then calculated and compared against the requirements (Es/Iot range, RSRP power range, and the Io power range). It is not necessary to calculate all parameters during each test, so a selection is made of those critical to the test verdict. The critical requirement for each parameter is given briefly in the “Comment” column of section g) in the accompanying spreadsheet. The cases closest to limit (in these test cases, all limits are one-sided) are identified by turquoise cells in the spreadsheet. If all the stimulus requirements are met, then the chosen stimulus offsets are acceptable.

It can be seen that with the uncertainty values and Test Tolerances proposed, the stimulus requirements are met.
For this test, the verdict is based on the RSRP values reported by the UE. As stated earlier, the reported values are affected by:

· The uncertainties in the stimulus set by the Test system (Downlink signal)

· The uncertainties in the UE response (RSRP reports) 
Having ensured that the stimulus set by the Test system remains within the side conditions, and knowing its uncertainty, we now need to calculate the range of RSRP values that a conformant UE could report. The reporting accuracy and mapping table are given in 36.521-3 [1] Tables 9.1.2.2.3-1 and 9.1.2.2.3-2: 
Table 9.1.2.2.3-1: RSRP TDD Intra frequency relative accuracy, test requirements
	Parameter
	Unit
	Accuracy [dB]
	Conditions1

	
	
	Normal condition
	Extreme condition
	Bands 1, 4, 6, 10, 18, 19, 33, 34, 35, 36, 37, 38, 39, 40
	Bands 2, 5, 7, 11, 17
	Bands 3, 8, 12, 13, 14
	Band 9

	
	
	
	
	Io
	Io
	Io
	Io

	RSRP for Ês/Iot > -3 dB
	dBm
	(2 + TT
	(3 + TT
	-121dBm/15kHz … -50dBm/ BWChannel
	-119dBm/15kHz … -50dBm/ BWChannel
	-118dBm/15kHz … -50dBm/ BWChannel
	-120dBm/15kHz … -50dBm/ BWChannel

	RSRP for Ês/Iot ≥ -6 dB
	dBm
	(3 + TT
	(3 + TT
	-121dBm/15kHz … -50dBm/ BWChannel
	-119dBm/15kHz … -50dBm/ BWChannel
	-118dBm/15kHz … -50dBm/ BWChannel
	-120dBm/15kHz … -50dBm/ BWChannel

	Note 1: Io is assumed to have constant EPRE across the bandwidth.
Note 2: The parameter Ês/Iot is the minimum Ês/Iot of the pair of cells.to which the requirement applies.


The reporting range of RSRP is defined from -140 dBm to -44 dBm with 1 dB resolution.

The mapping of measured quantity is defined in Table 9.1.2.2.3-2. The range in the signalling may be larger than the guaranteed accuracy range.

Table 9.1.2.2.3-2: RSRP measurement report mapping

	Reported value
	Measured quantity value
	Unit

	RSRP_00
	RSRP ( -140
	dBm

	RSRP_01
	-140 ( RSRP < -139
	dBm

	RSRP_02
	-139 ( RSRP < -138
	dBm

	…
	…
	…

	RSRP_95
	-46 ( RSRP < -45
	dBm

	RSRP_96
	-45 ( RSRP < -44
	dBm

	RSRP_97
	-44 ( RSRP
	dBm


The acceptable range of RSRP values is calculated taking into account the uncertainties in the stimulus set by the Test system, the uncertainties in the UE response, and the UE measurement report mapping function. The calculation is done in section g) of the accompanying spreadsheet.
The RSRP values calculated are for both normal and extreme conditions. 
6. Recommendations

· The accompanying CR in [4] to introduce uncertainties and Test Tolerances for RRM test case 9.1.2.2 is agreed.
· The principle of deriving Test Tolerances for RRM test case 9.1.2.2, as given in this discussion paper, is endorsed by RAN5.
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