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1.
Introduction

At RAN4#67 in Fukuoka, R4-133079 [1] was agreed to incorporate LTE450 MHz, Band 31, in TS 36.101.
For the RRM Test cases in TS 36.133 Annex A, two new features are introduced:

· The highest channel BW supported is 5MHz

· The Refsens value is degraded 6.5dB compared to Band 1 

This discussion paper looks at the effect on RRM 9.x test cases, and gives Anritsu’s views on how these could be specified.
2.
Scope of Test cases affected 
R4-133038 [2] contains the statement:
·  Chapter 9 RRM test cases

· Define OCNG and RMC for 5MHz channels

· Duplicate the 10MHz FDD tests in Chapter 9 for 5MHz
In Anritsu’s understanding, the tests affected are FDD intra-freq and inter-freq RSRP and RSRQ.
· As no Carrier Aggregation scenarios which include band 31 are defined, CA tests are not covered

· At this stage it is assumed that FDD/TDD interworking using Band 31 is not required  
· At this stage it is not clear whether eICIC or FeICIC is applicable to Band 31

This discussion paper covers the basic FDD intra-freq and inter-freq RSRQ tests only.

3.
Key parameters and constraints: Intra-frequency RSRQ test 
The existing FDD test case A.9.2.1 for 10MHz Ch BW has 3 subtests:

Test 1 is designed to set Io/Ch BW close to -50dBm, the highest level at which absolute RSRQ accuracy is specified. The Es/Iot for both Cells is set to -1.76dB, above the -3dB breakpoint at which ±2.5dB absolute accuracy applies under normal conditions. The RSRQ difference between Cell 2 and Cell 1 is set to 0dB, and is not near any side condition. 
Test 2 is designed to set Io/Ch BW at a mid-range value. The Es/Iot for both Cells is set to -4.7dB, below the -3dB breakpoint but above -6dB, so ±3.5dB absolute accuracy applies under normal conditions. The RSRQ difference between Cell 2 and Cell 1 is set to 0dB, and is not near any side condition.
Test 3 is designed to set Io/15kHz fairly close to the band-dependent minimum Io level. The Es/Iot for both Cells is set to -5.46dB, below the -3dB breakpoint but above -6dB, so ±3.5dB absolute accuracy applies under normal conditions. The RSRQ difference between Cell 2 and Cell 1 is set to 0dB, and is not near any side condition.

There is no relative accuracy requirement for intra-frequency RSRQ. 

When the test is performed with 5MHz Ch BW instead of 10MHz, the strategy is: 
· For Test 1, keep Io/Ch BW close to -50dBm breakpoint by increasing Noc/15kHz

· Increase Noc/15kHz for Test 1 by 3dB to -81.76dBm, to give same Io value as before

· Increase Noc/15kHz for Test 2 by 3dB to -100.85dBm, to give same Io value as before
· Es/Noc values are unchanged, hence Es/Iot for each cell remains the same

· Absolute RSRQ levels remains the same 
· For Test 3, use Noc/15kHz value for Band 31 following the band-dependent Refsens degradation 
· Set Noc/15kHz to -109.5dBm, following 6.5dB Refsens degradation compared to Band 1
· The resulting Io/Ch BW for Test 3 is 3dB lower, but this is acceptable.
The resulting test case for TS 36.133 Annex is shown below, with changes compared to the 10MHz Ch BW Test case A.9.1.1 shown in yellow highlight. Redundant rows and table notes have been removed.   
A.9.2.x
FDD Intra frequency case for 5MHz bandwidth
A.9.2.x.1
Test Purpose and Environment

The purpose of this test is to verify that the RSRQ measurement accuracy is within the specified limits. This test will verify the requirements in Clause 9.1.5.1.

A.9.2.x.2
Test parameters

In this test case all cells are on the same carrier frequency. The absolute accuracy of RSRQ intra frequency measurement is tested by using the parameters in Table A.9.2.1.2-1. In all test cases, Cell 1 is the PCell and Cell 2 the target cell.
Table A.9.2.x.2-1: RSRQ FDD Intra frequency 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
	5
	5
	5

	Measurement bandwidth
	
[image: image1.wmf]PRB

n


	22—27
	22—27 
	22—27 

	PDSCH Reference measurement channel defined in A.3.1.1.1
	
	R.0 FDD
	-
	R.0 FDD
	-
	R.0 FDD
	-

	PDSCH allocation
	
[image: image2.wmf]PRB

n


	13—36 
	-
	13—36 
	-
	13—36 
	-

	PDCCH/PCFICH/PHICH Reference measurement channel defined in A.3.1.2.1
	
	R.6 FDD
	R.6 FDD
	R.6 FDD

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

	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_RANote1
	
	
	
	
	
	
	

	OCNG_RBNote1 
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	Band 31
	dBm/15 kHz
	-81.76
	-100.85
	-109.5
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	dB
	-1.76
	-1.76
	-4.70
	-4.70
	-5.46
	-5.46

	RSRPNote3
	Band 31
	dBm/15 kHz
	-78.76
	-78.76
	-103.75
	-103.75
	-113.5
	-113.5

	RSRQNote3
	Band 31
	dB
	-14.77
	-14.77
	-16.76
	-16.76
	-17.34
	-17.34

	IoNote3
	Band 31
	dBm/4.5 MHz
	-50.01
	-73.01
	-82.19
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	dB
	3
	3
	-2.9
	-2.9
	-4
	-4

	Propagation condition
	-
	AWGN
	AWGN
	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 
[image: image6.wmf]oc
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 to be fulfilled.

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

Note 4:
RSRP and RSRQ minimum requirements are specified assuming independent interference and noise at each receiver antenna port.


A.9.2.x.3
Test Requirements

The RSRQ measurement accuracy shall fulfil the requirements in Clause 9.1.5.1.

Grey highlight indicates Reference Measurement Channels, OCNG patterns and Measurement RBs that will also need to change.      
4.
Key parameters and constraints: Inter-frequency RSRQ test 
The existing FDD test case A.9.2.3 for 10MHz Ch BW has 3 subtests:

Test 1 is designed to set Io/Ch BW close to -50dBm, the highest level at which absolute RSRQ accuracy is specified. The Es/Iot for both Cells is set to -1.75dB, above the -3dB breakpoint at which ±2.5dB absolute accuracy applies under normal conditions. The RSRQ difference between Cell 2 and Cell 1 is set to 0dB, and is not near any side condition. 

Test 2 is designed to set Io/Ch BW at a mid-range value. The Es/Iot for both Cells is set to -4.0dB, below the -3dB breakpoint but above -6dB, so ±3.5dB absolute accuracy applies under normal conditions. The RSRQ difference between Cell 2 and Cell 1 is set to 0dB, and is not near any side condition.

Test 3 is designed to set Io/15kHz fairly close to the band-dependent minimum Io level. The Es/Iot for both Cells is set to -4.0dB, below the -3dB breakpoint but above -6dB, so ±3.5dB absolute accuracy applies under normal conditions. The RSRQ difference between Cell 2 and Cell 1 is set to 0dB, and there are no side conditions relating to this value.

In Test 1 the Es/Iot for both Cells is set to -1.75dB, above the -3dB breakpoint at which ±3dB relative accuracy applies under normal conditions.
In Test 2 and Test 3 the Es/Iot for both Cells is set to -4.0dB, below the -3dB breakpoint but above -6dB, so ±4dB relative accuracy applies under normal conditions.
For all tests the RSRP difference and Io difference between Cell 2 and Cell 1 are set to 0dB, and are not near any side condition.

When the test is performed with 5MHz Ch BW instead of 10MHz, the strategy is: 
· For Test 1, keep Io/Ch BW close to -50dBm breakpoint by increasing Noc/15kHz

· Increase Noc/15kHz for Test 1 by 3dB to -77dBm, to give same Io value as before

· Increase Noc/15kHz for Test 2 by 3dB to -101.7dBm, to give same Io value as before
· Es/Noc values are unchanged, hence Es/Iot for each cell remains the same

· Absolute and relative RSRQ values remains the same 
· For Test 3, use Noc/15kHz value for Band 31 following the band-dependent Refsens degradation 
· Set Noc/15kHz to -113dBm, following 6.5dB Refsens degradation compared to Band 1

· The resulting Test 3 Io/Ch BW for both frequencies is 3dB lower, but this is acceptable.
The resulting test case for TS 36.133 Annex is shown below, with changes compared to the 10MHz Ch BW Test case A.9.2.3 shown in yellow highlight. The baseline is TS 36.133 v11.4.0:    
A.9.2.y
FDD—FDD Inter frequency case for 5MHz bandwidth
A.9.2.y.1
Test Purpose and Environment

The purpose of this test is to verify that the RSRQ measurement accuracy is within the specified limits. This test will verify the requirements in Sections 9.1.6.1 and 9.1.6.2.

A.9.2.y.2
Test parameters

In this test case the two cells are on different carrier frequencies and measurement gaps are provided. Both RSRQ inter frequency absolute and relative accuracy requirements are tested by using test parameters in Table A.9.2.3.2-1. In all tests, Cell 1 is the PCell and Cell 2 the target cell.
Table A.9.2.y.2-1: RSRQ FDD—FDD Inter frequency 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
	2
	1
	2
	1
	2

	BWchannel
	MHz
	5
	5
	5
	5
	5
	5

	Gap Pattern Id
	
	0
	-
	0
	-
	0
	-

	Measurement bandwidth 
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	22—27
	22—27
	22—27

	PDSCH Reference measurement channel defined in A.3.1.1.1
	
	R.0 FDD
	-
	R.0 FDD
	-
	R.0 FDD
	-

	PDSCH allocation
	
[image: image8.wmf]PRB

n


	13—36 
	-
	13—36 
	-
	13—36 
	-

	PDCCH/PCFICH/PHICH Reference measurement channel defined in A.3.1.2.1
	
	R.6 FDD
	R.6 FDD
	R.6 FDD

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

	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_RANote1
	
	
	
	
	
	
	

	OCNG_RBNote1 
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	Bands 1, 4, 6, 10, 11, 18, 19, 21, 23 and 24
	dBm/15 kHz
	-77
	-77
	-101.70
	-101.70
	-119.5
	-119.5

	
	Band 9
	
	
	
	
	
	-118.5
	-118.5

	
	Band 28
	
	
	
	
	
	-118
	-118

	
	Bands 2, 5, 7, 26 and 27 Note 5 
	
	
	
	
	
	-117.5
	-117.5

	
	Bands 3, 8, 12, 13, 14, 17, 20, 22 and 29 Note 6
	
	
	
	
	
	-116.5
	-116.5

	
	Band 25
	
	
	
	
	
	-116
	-116

	
	Band 31
	
	
	
	
	
	-113
	-113
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	dB
	-1.75
	-1.75
	-4.00
	-4.00
	-4.00
	-4.00

	RSRPNote3
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 23 and 24
	dBm/15 kHz
	-78.75
	-78.75
	-105.70
	-105.70
	-123.5
	-123.5

	
	Band 9
	
	
	
	
	
	-122.5
	-122.5

	
	Band 28
	
	
	
	
	
	-122
	-122

	
	Bands 2, 5, 7, 26 and 27 Note 5 
	
	
	
	
	
	-121.5
	-121.5

	
	Bands 3, 8, 12, 13, 14, 17, 20, 22 and 29 Note 6
	
	
	
	
	
	-120.5
	-120.5

	
	Band 25
	
	
	
	
	
	-120
	-120

	
	Band 31
	
	
	
	
	
	-117
	-117

	RSRQNote3
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 23 and 24
	dB
	-14.76
	-14.76
	-16.25
	-16.25
	-16.25
	-16.25

	
	Band 9
	
	
	
	
	
	
	

	
	Band 28
	
	
	
	
	
	
	

	
	Bands 2, 5, 7, 26 and 27 Note 5 
	
	
	
	
	
	
	

	
	Bands 3, 8, 12, 13, 14, 17, 20, 22 and 29 Note 6
	
	
	
	
	
	
	

	
	Band 25
	
	
	
	
	
	
	

	
	Band 31
	
	
	
	
	
	
	

	IoNote3
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 23 and 24
	dBm/4.5 MHz
	-50.01
	-50.01
	-75.47
	-75.47
	-93.27
	-93.27

	
	Band 9
	
	
	
	
	
	-92.27
	-92.27

	
	Band 28
	
	
	
	
	
	-91.77
	-91.77

	
	Bands 2, 5, 7, 26 and 27 Note 5 
	
	
	
	
	
	-91.27
	-91.27

	
	Bands 3, 8, 12, 13, 14, 17, 20, 22 and 29 Note 6
	
	
	
	
	
	-90.27
	-90.27

	
	Band 25
	
	
	
	
	
	-89.77
	-89.77

	
	Band 31
	
	
	
	
	
	-86.77
	-86.77
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	dB
	-1.75
	-1.75
	-4.0
	-4.0
	-4.0
	-4.0

	Propagation condition
	-
	AWGN
	AWGN
	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: 
RSRQ, RSRP and Io levels have been derived from other parameters for information purposes. They are not settable parameters themselves.

Note 4: 
RSRP and RSRQ minimum requirements are specified assuming independent interference and noise at each receiver antenna port.

Note 5: 
For Band 26, the tests shall be performed with the assigned E-UTRA channel bandwidth within 865-894 MHz.

Note 6:
Band 29 is used only for E-UTRA carrier aggregation with other E-UTRA bands.


A.9.2.3x.3
Test Requirements

The RSRQ measurement accuracy shall fulfil the requirements in Sections 9.1.6.1 and 9.1.6.2.

Grey highlight indicates Reference Measurement Channels, OCNG patterns and Measurement RBs that will also need to change.      
As Band 31 can only fit 1 5MHz carrier, the inter-freq test will always be inter-band. To avoid complexity, it has been assumed that 5MHz carriers are used on both bands. 5MHz Ch BW is currently supported on all FDD bands.   
5. Summary and recommendations

Based on the above analysis, Anritsu’s recommendation for the 5MHz RSRQ test cases are as below:
· Introduce A.9.2.x RSRQ FDD Intra frequency test case, 5MHz, with parameters as shown
· Introduce A.9.2.y RSRQ FDD Inter frequency test case, 5MHz, with parameters as shown
· Confirm that FDD/TDD interworking using Band 31 is not required
· Establish whether eICIC or FeICIC in Band 31 is within the scope of the Work Item
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