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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The problem with narrow RSRQ measurement bandwidth in particular network deployment scenarios was first addressed at the RAN4#60 meeting [1], and has been at subsequent meetings. The general structure of test cases, test case parameters, as well as the required assistance from the network was discussed at the RAN4#64, RAN4#64bis and RAN4#65 meetings. 
At the RAN4#65 meeting several proposals were made regarding test cases, e.g. [2]-[5], where notably our contribution [2] and Anritsu’s contribution [3] were proposing similar test case parameter values,  and a way forward [6] was agreed where it was stated that the following parameter values shall be used for the requirements on and testing of Wideband RSRQ:
· AllowedMeasBW = 50 RBs
· N = 6 RBs
Moreover the wideband RSRQ measurements shall be carried out upon receiving explicit indication from the network. Provided that the following side conditions are met: 
· existing RSRQ conditions in 9.1.5 [7], and
· 0≤ Io1-Io2 ≤ X (see figure further below)
the wideband RSRQ shall fulfil:
Wideband RSRQ ≤ Reference RSRQ – Y dB
whereReference RSRQ is the RSRQ measured over the central 6 RBs.
Furthermore interested companies are requested to provide the following at RAN4#66:
· Test scenarios and number of test cases
· Parameters X, Y and Io1 for each test case

In this contribution we provide our proposal on test scenarios.
Testing of RSRQ Measurements over Wider Bandwidth
Background
When it is indicated by the network to the UE that it shall carry out wideband RSRQ measurements, the UE may carry out the measurements over parts of or over the full signalled allowed measurement bandwidth. How the measurements are carried out is up to the UE implementation as long as it accurately reflects the RSRQ over the allowed measurement bandwidth. 

[bookmark: _Ref336844217]Figure 1: Frequency characteristics of received signal and interference.

In a test scenario the interference may be modeled as having a lower level around the central subcarriers and a higher level outside those, Figure 1. The lower interference level here corresponds to guard band between the two UTRAN or E-UTRAN cells that are overlapping the E-UTRAN cell to be measured.
The following assumptions are made regarding the E-UTRAN cell to be measured:
· The cell is fully loaded and no boosting is used, hence Ês is constant across the DL system bandwidth.
· Allowed measurement bandwidth is M=50resource blocks.
· Within the central N=6resource blocks, the interference experienced due to neighbour cells etc is: Iot2
· Outside the central N=6resource blocks, the interference experienced due to neighbour cells etc is: Iot1
The RSRQ values as would be measured over the central 6 resource blocks by a legacy UE without support for wideband RSRQ is referred to as Reference RSRQ value and can be expressed as

As a contrast, the wideband RSRQ as measured over the full allowed measurement bandwidth of M resource blocks can be expressed as

This value represents what ideally shall be reported by the UE. The difference between the two RSRQ values can be expressed as  

The difference in received signal and interference can be expressed as 

Test scenarios and Parameter values
We propose a single test case in AWGN propagation conditions, where measurements are carried out on an inter-frequency neighbour cell. The particular propagation condition is chosen since requirements on measurement accuracy in [7] are only applicable in AWGN. 
For the testing we proposethe following valuesto be used:
· Ês/Iot1 = -3 dB
· Ês/Iot2 = 17 dB
Ês/Iot2 represents the signal conditions in the guard band between the two overlapping cells, and Ês/Iot1 the signal conditions outside the guard band. The latter has been selected such that the absolute accuracy requirement to fulfill is ±2.5 dB. For the given parameter values, Y=4.32 dB. To fully secure that a UE implementation carries out wideband RSRQ measurements when ordered to do so, Y > 5dB would be needed as pointed out in [3]. However it is not possible to construct a test case for which this is achieved.    
When it comes to absolute signal levels, we propose that the test is carried out with Iot2 at band-specific REFSENS level, with additional margin of 3 dB to cater e.g. for CA insertion loss. For Band 1 the REFSENs level is -97 dBm for 10MHz DL system bandwidth [8] transferring to -127.8 dBm/15 kHz, thus with margin applied Iot2 shall be -124.8 dBm/15kHz. Consequently Iot1 shall be -104.8 dBm/15kHz, resulting in Io1 of -103.0 dBm/15kHz. 
Repeating for all bands, the following Io1 levels are achieved:
[bookmark: _Ref345662134]Table 1: Band-specific levels of Io1
	Parameter
	E-UTRA operating bands
	Io1

	
	
	dBm/15kHz

	Conditions
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	-103

	
	9, 42, 43
	-102

	
	28
	-101.5

	
	2, 5, 7, 27, 41, [44]
	-101

	
	26
	-100.5

	
	3, 8, 12, 13, 14, 17, 20, 22
	-100

	
	25
	-99.5



Proposal 1: A single test case in AWGN signal conditions is proposed, where an inter-frequency neighbor cell is measured, and where the parameter values Ês/Iot1 = -3 dB (outside central 6 resource blocks) and Ês/Iot2 = 17 dB (inside central 6 resource blocks) are used. The test shall be executed at band-specific Io1 levels as specified in Table 1.
A test case proposal per duplex mode is provided in the Appendix.
Conclusions
We propose a single test case in AWGN propagation conditions, where wideband RSRQ is measured for an inter-frequency neighbour cell. The following signal conditions are proposed: Ês/Iot1 = -3 dB (outside central 6 resource blocks) and Ês/Iot2 = 17 dB (inside central 6 resource blocks). The signal levels are proposed to be based on Iot2 at band-specific REFSENS level plus a margin of 3dB. A similar test to verify inter-RAT absolute accuracy of RSRQ can also be defined for inter-RAT E-UTRA cell in TS 25.133. 
One test case proposal per duplex mode is provided in the Appendix.
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Appendix

[bookmark: _Toc336623824]A.9.x.x	FDD—FDD Inter frequency case
[bookmark: _Toc336623825]A.9.x.x.1	Test Purpose and Environment
The purpose of this test is to verify that the RSRQ measurement accuracy is within the specified limits when the UE has been ordered to measure wideband-RSRQ. This test will verify the requirements in Sections 9.1.6.3, and indirectly that the UE measures RSRQ over a wider bandwidth when ordered to do so by the network.
[bookmark: _Toc336623826]A.9.x.x.2	Test parameters
In this test case the two cells are on different carrier frequencies and measurement gaps are provided. The RSRQ inter frequency absolute accuracy requirement is tested by using test parameters in Table A.9.x.x.2-1. In the test, Cell 1 is the PCell and Cell 2 the target cell.

Table A.9.x.x.2-1: RSRQ FDD-FDD Inter frequency test parameters
	Parameter
	Unit
	Test 1

	
	
	Cell 1
	Cell 2

	E-UTRA RF Channel Number
	
	1
	2

	BWchannel
	MHz
	10
	10

	Gap Pattern Id
	
	0
	-

	PBCH_RA
	dB
	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 
	
	
	

	Measurement bandwidth
	

	22—27
	0—49

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

	PDSCH allocation
	

	13—36
	-

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

	
Note2

	bandwidth
	

	0—49
	0—21, 28—49
	22—27

	
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 23, 24
	dBm/15 kHz
	-80
	-104.8
	-124.8

	
	Band 9
	
	
	-103.8
	-123.8

	
	Band 28
	
	
	-103.3
	-123.3

	
	Bands 2, 5, 7, 27
	
	
	-102.8
	-122.8

	
	Band 26
	
	
	-102.3
	-122.3

	
	Bands 3, 8, 12, 13, 14, 17, 20, 22
	
	
	-101.8
	-121.8

	
	Band 25
	
	
	-101.3
	-121.3

	

	bandwidth
	

	0—49
	0—21, 28—49
	22—27

	
	
	dB
	-1.75
	-3
	17

	RSRPNote3
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 23, 24
	dBm/15 kHz
	-81.75
	-107.8

	
	Band 9
	
	
	-106.8

	
	Band 28
	
	
	-106.3

	
	Bands 2, 5, 7, 27
	
	
	-105.8

	
	Band 26
	
	
	-105.3

	
	Bands 3, 8, 12, 13, 14, 17, 20, 22
	
	
	-104.8

	
	Band 25
	
	
	-104.3

	RSRQNote3
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 23, 24
	dB
	-14.76
	-15.2

	
	Band 9
	
	
	

	
	Band 28
	
	
	

	
	Bands 2, 5, 7, 27
	
	
	

	
	Band 26
	
	
	

	
	Bands 3, 8, 12, 13, 14, 17, 20, 22
	
	
	

	
	Band 25
	
	
	

	IoNote3
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 23, 24
	dBm/9 MHz
	-50
	-75.6

	
	Band 9
	
	
	-74.6

	
	Band 28
	
	
	-74.1

	
	Bands 2, 5, 7, 27
	
	
	-73.6

	
	Band 26
	
	
	-73.1

	
	Bands 3, 8, 12, 13, 14, 17, 20, 22
	
	
	-72.6

	
	Band 25
	
	
	-72.1

	

	bandwidth
	

	0—49
	0—21, 28—49
	22—27

	
	
	dB
	-1.75
	-3
	17

	Propagation condition
	-
	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 Nocto be fulfilled.
Note 3: 	RSRQ, RSRP and Io levels have been derived from other parameters for information purposes. They are not settable parameters themselves. Moreover the stated values represent the weighted average over the allowed measurement bandwidth. 
Note 4: 	RSRP and RSRQ minimum requirements are specified assuming independent interference and noise at each receiver antenna port.



[bookmark: _Toc336623827]A.9.x.x.3	Test Requirements
The RSRQ measurement accuracy shall fulfill the requirements in Section 9.1.6.3.


A.9.x.y	TDD—TDD Inter frequency case
[bookmark: _GoBack]A.9.x.y.1	Test Purpose and Environment
The purpose of this test is to verify that the RSRQ measurement accuracy is within the specified limits when the UE has been ordered to measure wideband-RSRQ. This test will verify the requirements in Sections 9.1.6.3, and indirectly that the UE measures RSRQ over a wider bandwidth when ordered to do so by the network.
A.9.x.y.2	Test parameters
In this test case the two cells are on different carrier frequencies and measurement gaps are provided. The RSRQ inter frequency absolute accuracy requirement is tested by using test parameters in Table A.9.x.y.2-1. In the test, Cell 1 is the PCell and Cell 2 the target cell.

Table A.9.x.y.2-1: RSRQ TDD-TDD Inter frequency test parameters
	Parameter
	Unit
	Test 1

	
	
	Cell 1
	Cell 2

	E-UTRA RF Channel Number
	
	1
	2

	BWchannel
	MHz
	10
	10

	Gap Pattern Id
	
	0
	-

	Special subframe configurationNote1
	
	6
	6

	Uplink-downlink configurationNote1
	
	1
	1

	PBCH_RA
	dB
	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
	
	
	

	Measurement bandwidth
	

	22—27
	0—49

	PDSCH Reference measurement channel defined in A.3.1.1.2
	
	R.0 TDD
	-

	PDSCH allocation
	

	13—36
	-

	PDCCH/PCFICH/PHICH Reference measurement channel defined in A.3.1.2.2
	
	R.6 TDD
	R.6 TDD

	OCNG Patterns defined in A.3.2.2.1 (OP.1 TDD) and A.3.2.2.2 (OP.2 FDD)
	
	OP.1 TDD
	OP.2 TDD

	
Note3

	bandwidth
	

	0—49
	0—21, 28—49
	22—27

	
	Bands 33, 34, 35, 36, 37, 38, 39, 40
	dBm/15 kHz
	-80
	-104.8
	-124.8

	
	Bands42, 43
	
	
	-103.8
	-123.8

	
	Bands 41, [44]
	
	
	-102.8
	-122.8

	

	bandwidth
	

	0—49
	0—21, 28—49
	22—27

	
	
	dB
	-1.75
	-3
	17

	RSRPNote4
	Bands 33, 34, 35, 36, 37, 38, 39, 40
	dBm/15 kHz
	-81.75
	-107.8

	
	Bands 42, 43
	
	
	-106.8

	
	Bands 41, [44]
	
	
	-105.8

	RSRQNote4
	Bands 33, 34, 35, 36, 37, 38, 39, 40
	dB
	-14.76
	-15.2

	
	Bands 42, 43
	
	
	

	
	Bands 41, [44]
	
	
	

	IoNote4
	Bands 33, 34, 35, 36, 37, 38, 39, 40
	dBm/9 MHz
	-50
	-75.6

	
	Bands 42, 43
	
	
	-74.6

	
	Bands 41, [44]
	
	
	-73.6

	

	bandwidth
	

	0—49
	0—21, 28—49
	22—27

	
	
	dB
	-1.75
	-3
	17

	Propagation condition
	-
	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 Nocto be fulfilled.
Note 4: 	RSRQ, RSRP and Io levels have been derived from other parameters for information purposes. They are not settable parameters themselves. Moreover the stated values of RSRQ represent the weighted average over the allowed measurement bandwidth. 
Note 5: 	RSRP and RSRQ minimum requirements are specified assuming independent interference and noise at each receiver antenna port.



A.9.x.y.3	Test Requirements
The RSRQ measurement accuracy shall fulfill the requirements in Section 9.1.6.3.
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