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1.
Introduction

Conformance Test specification TS 36.521-1 [1] does not currently contain uncertainty parameters for the demodulation performance tests in Clause 8 or the Reporting of Channel State Information in Clause 9. Similarly, TS 36.521-3 [2] does not currently contain uncertainty parameters for the RRM tests. 

Previous contributions in [5] and [7] have only considered the DL demodulation performance tests, and [6] points out that the same figures could not be applied to some RRM tests. This paper surveys the range of possible AWGN and signal-to-noise requirements, and aims to provide a consistent approach to specifying the acceptable uncertainty of the Test System.

In RAN4, the Test System uncertainties applicable to eNB UL demodulation tests have been agreed in [8].

2.
Summary

The core requirements involving AWGN were surveyed using TS 36.101 [3] and TS 36.133 [4]. The aim was to get an initial survey of the types of requirement. The results are given in Annex A, in categories A.1 to A.5 with notes on the key parameters for the Downlink signal.

For determining the AWGN and SNR requirements, four groups of test were identified Category A.2 and A.4 are related, so the 5 categories became 4 groups. These groups are given in section 3 of this document, which gives a brief summary with proposed parameters and uncertainties.

As different parameters are critical for different groups of test, we propose that Annex F of TS 36.521-1 or TS 36.521-3 should use the relevant values according to the type of test. We do not propose to merge all the requirements into a “tightest superset” applicable to all tests, because this would constrain test system implementation unnecessarily. For example, absolute AWGN level is critical for RSRP tests but not critical for demodulation tests.

3. Types of test

In terms of AWGN and signal-to-noise requirements, the tests can be grouped as follows:

Group A: Demodulation

Critical parameters:

· SNR averaged over transmission Bandwidth

In this type of test there is one cell, and the signal-to-noise ratio (sometimes together with fading) determines the test outcome, for example throughput. This is a similar scenario to that agreed for UL demodulation tests in [8]. Other parameters such as absolute AWGN level or AWGN flatness need to be controlled to ensure that the test complies with the side conditions and is not adversely affected by SS uncertainties, but they are not classed as directly critical to the measurement result.

As the downlink signal is OFDM, for correct demodulation it may be necessary to constrain the local SNR variation if signal flatness and AWGN flatness happen to be of opposite sign. A placeholder for this parameter has been included, but the value is FFS. It is also FFS whether the constraint on max difference between adjacent Resource Blocks is needed for downlink.    

Table A: Proposed parameters and uncertainties for Group A tests

	
	Parameter
	Unit
	Value 
	Uncertainty

	
	AWGN Bandwidth
	MHz
	≥ 1.08, 2.7, 4.5, 9, 13.5, 18

NRB x 180kHz according to BWConfig

	
	AWGN absolute power uncertainty, averaged over BWConfig

	dB
	As per test
	[+/-3]

	
	AWGN flatness and signal flatness, max deviation for any Resource Block, relative to average over BWConfig

	dB
	-
	[+/-2]

	
	[AWGN flatness and signal flatness, max difference between adjacent Resource Blocks]
	dB
	-
	[+/-0.5]

	
	AWGN peak to average ratio
	
	≥10 dB @0.001%

	
	Signal-to noise ratio uncertainty, averaged over downlink transmission Bandwidth
	dB
	As per test
	[+/-0.3]

	
	Signal-to noise ratio variation for any resource block, relative to average over downlink transmission Bandwidth
	dB
	-
	[+/-FFS]


Group B: CSI reporting including sub-band requirements

Critical parameters:

· SNR averaged over transmission Bandwidth

· SNR averaged over each sub-band

In this type of test there is one cell, and the channel conditions are varied by changing both the fading and the signal-to-noise ratio. Some tests use sub-band reporting, and measure the throughput gain when the UE is scheduled to receive in the best sub-bands. For a fair test it is important for the SS to provide consistent SNR in all relevant sub-bands (6 RBs for 10MHz Ch BW or 8 RBs for 20MHz Ch BW), so this parameter is also classed as critical.

For the purpose of this document, A.7.3: Radio Link Monitoring in TS 36.133 [4] counts as a CSI test.

As before other parameters such as absolute AWGN level need to be controlled to ensure that the test complies with the side conditions and is not adversely affected by SS uncertainties, but they are not classed as directly critical to the measurement result.   

Table B: Proposed parameters and uncertainties for Group B tests

	
	Parameter
	Unit
	Value 
	Uncertainty

	
	AWGN Bandwidth
	MHz
	≥9 or 18

NRB x 180kHz according to BWConfig

	
	AWGN absolute power, averaged over BWConfig

	dB
	As per test
	[+/-3]

	
	AWGN flatness and signal flatness, max deviation for any Resource Block, relative to average over BWConfig

	dB
	-
	[+/-2]

	
	AWGN peak to average ratio
	
	≥10 dB @0.001%

	
	Signal-to noise ratio, averaged over downlink transmission Bandwidth
	dB
	As per test
	[+/-0.3]

	
	Signal-to noise ratio variation for any sub-band, relative to average over downlink transmission Bandwidth
	dB
	-
	[+/-FFS]


Group C: Mobility tests dependent on RSRP

Critical parameters, Intra-freq tests:

· SNR of Cell 1

· SNR of Cell 2

Critical parameters, Inter-freq tests:

· SNR of Cell 1

· SNR of Cell 2

· Absolute noise level on carrier 1

· Absolute noise level on carrier 2

In this type of test there are typically two cells. The stimulus is to change the cell conditions as seen by the UE, and the UE should respond by taking action such as reporting an event or reselecting to another cell. The UE will evaluate conditions on each cell to determine the correct action.

The UE is normally making a comparison between the two cells. In practice this means that the critical parameters are slightly different depending on whether the two cells are intra-frequency or inter-frequency.

For intra-frequency the AWGN absolute level is common to both cells, and therefore not critical for a comparative measurement between two RSRP values. The SNR of each cell then determines its ranking.

For inter-frequency the RSRP for each cell is determined by the AWGN absolute level for that cell and the SNR for that cell. When the UE makes a comparison between the two RSRP values both the absolute AWGN level of each cell and the SNR of each cell then determine its ranking.

It is FFS which RBs the UE uses to evaluate RSRP. 

As before there will be other parameters that need to be controlled to ensure that the test complies with the side conditions and is not adversely affected by SS uncertainties, but do not directly affect the measurement result.   

Table C: Proposed parameters and uncertainties for Group C tests

	
	Parameter
	Unit
	Value 
	Uncertainty

	
	AWGN Bandwidth
	MHz
	≥ 1.08 or, 9

NRB x 180kHz according to BWConfig

	
	AWGN absolute power, averaged over BWConfig, each carrier


	dB
	As per test
	[+/-.0.7]

	
	AWGN flatness and signal flatness, max deviation for any Resource Block, relative to average over BWConfig

	dB
	-
	[+/-1.0]

	
	AWGN peak to average ratio
	
	≥10 dB @0.001%

	
	Signal-to-noise ratio, averaged over downlink transmission Bandwidth
	dB
	As per test
	[+/-0.3]


Group D: UE Measurement performance

Critical parameters, RSRP Intra-freq tests:

· Absolute level of noise

· SNR of Cell 1, over 6 RBs used for measurement bandwidth

· SNR of Cell 2, over 6 RBs used for measurement bandwidth

Critical parameters, RSRP Inter-freq tests:

· Absolute level of noise on carrier 1

· Absolute level of noise on carrier 2

· SNR of Cell 1, over 6 RBs used for measurement bandwidth

· SNR of Cell 2, over 6 RBs used for measurement bandwidth

Critical parameters, RSRQ Intra-freq tests and Inter-freq tests:

· SNR of Cell 1, over 6 RBs used for measurement bandwidth

· SNR of Cell 2, over 6 RBs used for measurement bandwidth

This group of measurements is more specialised, because the aim is to directly test the measurement performance of the UE. Typically there are two cells, and the UE makes relative or absolute measurements of RSRP or RSRQ according to the sub-test. The stimulus is constant during the test.

The RSRP for each cell is determined by the AWGN absolute level for that carrier and the SNR for that cell. For most measurements therefore both the absolute AWGN level and the SNR determine the reported value. However, for these tests 36.133 [4] specifies the UE measurement bandwidth to be over the 6 RBs numbered 22 to 27, and so the power of these RBs relative to average therefore becomes critical. The flatness has therefore been given a tighter value for the 9MHz BWConfig used for these test cases.

Intra-frequency relative RSRP is an exception, where the AWGN absolute level cancels out.

RSRQ is always a relative measurement of the wanted power compared to the total power on that carrier. As SNR is a ratio compared to the AWGN, the AWGN absolute level cancels out for all RSRQ measurements.

Table D: Proposed parameters and uncertainties for Group D tests

	
	Parameter
	Unit
	Value 
	Uncertainty

	
	AWGN Bandwidth
	MHz
	≥9

NRB x 180kHz according to BWConfig

	
	AWGN absolute power, averaged over BWConfig, each carrier


	dB
	As per test
	[+/-.0.7]

	
	AWGN flatness and signal flatness, max deviation for any Resource Block, relative to average over BWConfig

	dB
	-
	[+/-1.0]

	
	AWGN peak to average ratio
	
	≥10 dB @0.001%

	
	Signal-to noise ratio, averaged over downlink transmission Bandwidth
	dB
	As per test
	[+/-0.3]


4. Recommendations

If the principles of the above proposal are agreed, the next steps would be:

· The set of parameters for each group of tests is agreed, and the values where possible

· CRs are drafted for representative tests in TS 36.521-1 and TS 36.521-3
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Annex A: Analysis of core requirements

For this analysis, the RAN4 core specifications TS 36.101 [3] and TS 36.133 [4] were used, as they contain the most up-to-date information on UE requirements and RRM tests.

A.1 Demodulation of a DL Physical channel

Examples:

36.101 [3] 8.2.1, 8.2.2: FDD, TDD Demodulation of PDSCH

36.101 [3] 8.4.1, 8.4.2: FDD, TDD Demodulation of PDCCH/PCFICH (DL Phy Chans as per C.3.2)

36.101 [3] 8.5.1, 8.5.2: FDD, TDD Demodulation of PHICH (DL Phy Chans as per C.3.2)

· Various Channel BWs

· 1 Tx antenna, 2 Tx antenna or 4 Tx antenna 

· 2 Rx antennas

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

· Full or single RB allocation (OCNG used in unallocated RBs)

· Ref Meas Channels  R.25 26 and 27 have full RB allocation in subframes 1-9 but 41 in subframe 0

· Various Propagation conditions

· Various SNRs

Summary:

Similar to Demodulation of an UL Physical channel as specified in [8], with main differences: 

· Also has 2 or 4 Tx antenna scenarios

· OCNG used in unallocated RBs 

A.2 Reporting of Channel State Information

Examples:

36.101 [3] 9.2: CQI reporting definition under AWGN

36.101 [3] 9.3: CQI reporting definition under fading

36.101 [3] 9.4: Reporting of Precoding Matrix Indicator (PMI)

· DL Phy Chans as per C.3.2

· 10MHz or 20MHz Channel BW

· PDSCH transmission modes:

·  1 (single antenna port)

·  6 (Tx diversity or Closed-loop spatial multiplexing using a single transmission layer)

· 1 Tx antenna or 2 Tx antennas 

· 2 Rx antennas

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

· Precoding granularity 8 or 50 RBs

· Reference measurement channel according to:

· Clause A.4

· Full RB allocation

· FDD: 8 DL subframes per radio frame (avoids subframes 0 and 5)

· TDD: UL/DL Configuration 2, 4 DL subframes per radio frame (avoids subframes 0 and 5)

· R.2 FDD, TDD clauses A.3.3, A.3.4

· Full RB allocation

· FDD: 10 DL subframes per radio frame

· TDD: UL/DL 1, 4 DL subframes per radio frame

· Propagation conditions normal, Annex B.1, Annex B.2.4 with 
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· Various SNRs

· Reports CQI as:

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

· PUCCH 1-1 (wideband CQI, single PMI reporting)

· PUCCH 3-0 (sub-band CQI configured by higher layers, no PMI reporting)

· PUSCH 3-1 (sub-band CQI configured by higher layers, single PMI reporting)

· PUSCH 1-2 (wideband CQI, multiple PMI reporting)

Summary:

New requirements arising from Reporting of Channel State Information: 

· Precoding granularity

· Sub-band CQI reporting

A.3 RRM: E-UTRAN RRC_IDLE state, E-UTRAN RRC CONNECTED Mode Mobility, RRC Connection Control, Timing and Signalling Characteristics, UE Measurements Procedures

Examples:

36.133 [4] A.4.2: Cell Re-selection

36.133 [4] A.4.3: E-UTRAN to UTRAN Cell Re-Selection assumed to have same parameters for E-UTRAN
36.133 [4] A.4.4: E-UTRAN to GSM Cell Re-Selection assumed to have same parameters for E-UTRAN
36.133 [4] A.4.5: E-UTRAN to HRPD Cell Re-Selection assumed to have same parameters for E-UTRAN
36.133 [4] A.4.6: E-UTRAN to cdma2000 1x Cell Re-Selection assumed to have same parameters for E-UTRAN

36.133 [4] A.5.1: E-UTRAN Handover

36.133 [4] A.5.2: Handover to other RATs assumed to have same parameters for E-UTRAN
36.133 [4] A.5.3: E-UTRAN Handover to Non-3GPP RATs assumed to have same parameters for E-UTRAN

36.133 [4] A.6.1: RRC Re-establishment

36.133 [4] A.6.2: Random Access

36.133 [4] A.7.1: UE Transmit Timing

36.133 [4] A.7.2: UE Timing Advance

36.133 [4] A.8.1: E-UTRAN FDD Intra-frequency Measurements

36.133 [4] A.8.2: E-UTRAN TDD Intra-frequency Measurements

36.133 [4] A.8.3: E-UTRAN FDD Inter-frequency Measurements

36.133 [4] A.8.4: E-UTRAN TDD Inter-frequency Measurements

36.133 [4] A.8.5: E-UTRAN FDD - UTRAN FDD Measurements assumed to have same parameters for E-UTRAN
36.133 [4] A.8.6: E-UTRAN TDD - UTRAN FDD Measurements assumed to have same parameters for E-UTRAN
36.133 [4] A.8.7: E-UTRAN TDD – UTRAN TDD Measurements assumed to have same parameters for E-UTRAN
36.133 [4] A.8.8: E-UTRAN FDD – GSM Measurements assumed to have same parameters for E-UTRAN

36.133 [4] A.8.9: E-UTRAN FDD - UTRAN TDD measurements assumed to have same parameters for E-UTRAN

36.133 [4] A.8.10: E-UTRAN TDD – GSM Measurements assumed to have same parameters for E-UTRAN

· 2 cells, intra-freq or inter-freq, or 1 cell

· 1.4 MHz or 10MHz Channel BW

· Cell reselection based on RSRP

· OCNG so that both cells are fully allocated

· 1 Tx antenna (assumed)

· 2 Rx antennas (assumed)

· TDD: UL/DL Configuration 1 and Special subframe configuration 6 defined in TC A.4.2.2 and others

· Reference measurement channel assumed to be 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 (other cells interference assumed to be constant over subcarriers and time, modelled as AWGN)

· SNR changes according to time periods during test

Summary:

New requirements arising from this group: 

· Test outcome determined by RSRP values as seen by UE 
A.4 RRM: Radio Link Monitoring

Examples:

36.133 [4] A.7.3: Radio Link Monitoring

· 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: 

A.5 RRM: Measurement Performance Requirements

Examples:

36.133 [4] A.9.1: RSRP

36.133 [4] A.9.2: RSRQ

· 2 cells, intra-freq or inter-freq, or 1 cell

· 10MHz Channel BW

· 6RB Measurement bandwidth

· OCNG so that cell is fully allocated

· 1 Tx antenna assumed 

· 2 Rx antennas, independent AWGN at each port

· TDD Configuration:

· UL/DL Configuration 1 and Special subframe configuration 6 defined in TC A.9.1.2 and others

· UL/DL Configuration 1 and Special subframe configuration 0 defined in TC A.9.2.4

· 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 (24 RBs)

· 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 values

· AWGN Propagation conditions (no fading)

· Various SNR values

Summary:

New requirements arising from Measurement Performance Requirements: 

· 6RB Measurement bandwidth
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