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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, RAN4#65 and RAN4#66 meetings – see e.g. our contribution for the latter [2]. 
At RAN4#66 a way forward was agreed [3] where interested companies were invited to analyse the following parameters for test conditions:
· RE configuration
· Config 1: All REs are transmitted
· Config 2: On victim cell only CRS from antenna ports 0 and 1 are transmitted, and all other are set to zero power, as proposed in [4].
· Parameters for Ês/Iot ≥ -3dB and Ês/Iot ≥ -6dB
· Parameter X, Y
· Minimum number of RBs assumed to be used in WB-RSRQ
Additionally it was stated in [3] that test cases are only to be introduced for Ês/Iot ≥ -3dB. Already before it had been agreed that the following parameter values shall be used for the requirements on and testing of WB-RSRQ:
· AllowedMeasBW = 50 RBs
· N = 6 RBs (see figure further below)
and further that the WB-RSRQ measurements shall fulfil:
· Wideband RSRQ ≤ Reference RSRQ – Y dB
where Reference RSRQ is the RSRQ measured over the central 6 RBs. 

In this contribution we provide our considerations on test parameters.
Test Parameters
Minimum number of RBs to assume
It has been agreed that Wideband RSRQ measurement shall be applicable for AllowedMeasBandwidth of 10 MHz or larger. Moreover it has been agreed that the requirements apply for AllowedMeasBandwidth of 50 RBs [5]. We therefore propose that the assumed number shall be 50 RBs. It shall be noted that this figure is relevant when setting parameter Y in the requirements,
Wideband RSRQ ≤ Reference RSRQ – Y dB
but otherwise does not force the UE towards a particular implementation. 
Proposal 1: The assumed number of RBs upon which the WB-RSRQ value is based shall be 50. Note that this figure impacts the value that shall be used as reference in test cases, but otherwise does not imply a particular UE implementation.
Test configuration 1 – fully loaded cells
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=6 resource blocks, the interference experienced due to neighbour cells etc is: Iot2
· Outside the central N=6 resource 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 WB-RSRQ is referred to as Reference RSRQ value and can be expressed as

As a contrast, the WB-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  



and the difference in interference levels as
.
In earlier analysis [2] we proposed a single test case in AWGN, where an inter-frequency neighbour cell is measured. The following SINR levels were proposed:
· Ês/Iot1  -3 dB
· Ês/Iot2  17 dB
where 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 was 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 WB-RSRQ measurements when ordered to do so, Y > 5dB would be needed as pointed out in [6]. However it is not possible to construct a test case for which this is achieved. 
When it comes to absolute signal levels, we proposed 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 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: _Ref352829745]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



Test config 1: For full-load case 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. Pass criterion shall be Y = 4dB, note though that the test is not conclusive. The test shall be executed at band-specific Io1 levels as specified in Table 1.  
Test configuration 2 – low-loaded victim cell
The following assumptions are made regarding the E-UTRAN cell to be measured:
· The cell is completely muted except for CRS from Tx ports 0 and 1, and synchronization signals. 
· Allowed measurement bandwidth is M=50resource blocks.
· Within the central N=6 resource blocks, the interference experienced due to neighbour cells etc is: Iot2
· Outside the central N=6 resource 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 WB-RSRQ is referred to as Reference RSRQ value and can be expressed as


and the WB-RSRQ as 
.
The difference between the RSRQ values can be expressed as

and the difference between the interference levels as 

.

For the testing we propose the following values to be used:
· CRS: 
· Ês/Iot1  -3 dB
· RS Ês/Iot2  17 dB
· SCH: 
· Ês/Iot2  17 dB
· All other REs: 
· Ês/Iot1 -∞ dB
· Ês/Iot2 -∞ dB

Iot2 represents the interference level in the guard band between the two overlapping cells, and Iot1 the corresponding interference outside the guard band. RS Ês/Iot1 has been selected such that the absolute accuracy requirement to fulfill is ±2.5 dB. For the given parameter values, Reference RSRQ – Wideband RSRQ = 7.72dB, thus allowing Y=5 dB to be used and still leaving margin for RAN5.
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 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 -104.1 dBm/15kHz. 
Repeating for all bands, the following Io1 levels are achieved:
Table 2: 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
	-103.1

	
	28
	-102.6

	
	2, 5, 7, 27, 41, [44]
	-102.1

	
	26
	-101.6

	
	3, 8, 12, 13, 14, 17, 20, 22
	-101.1

	
	25
	-100.6



Test config 2: For low-load case a single test case in AWGN signal conditions is proposed, where an inter-frequency neighbor cell is measured, and where the parameter values RS Ês/Iot1 = -3 dB (outside central 6 resource blocks) and RS Ês/Iot2 = 17 dB, SCH Ês/Iot2 = 17 dB (inside central 6 resource blocks) are used. The other REs fulfill Ês/Iot1 -∞ and Ês/Iot2 -∞.The pass criterion shall be Y=5. The test shall be executed at band-specific Io1 levels as specified in Table 2. Resulting bound regarding signal levels becomes X=8.2 dB. This test is conclusive.
Summary
Test configuration 1 does not provide the necessary separation between legacy RSRQ and WB-RSRQ, and hence is not conclusive. Test configuration2, however, where all but CRSs from TX ports 0 and 1 and synchronization signals are muted, provide sufficient separation for tests to be conclusive regarding whether the UE is supporting WB-RSRQ functionality. Hence we propose WB-RSRQ functionality test to be carried out using test configuration 2.
Proposal 2: WB-RSRQ shall be tested using a single test case in AWGN where an inter-frequency neighbour cell is measured over the bandwidth of 50 RBs. The Rx levels are Io2 over the central 6 RBs, and Io1 outside the central 6 RBs. All REs in the inter-frequency neighbour cell are muted except CRS from Tx ports 0 and 1, and synchronization signals. Inside the central 6 RBs, Ês/Iot2 = 17 dB for CRS and synchronization signals, otherwise Ês/Iot2 -∞. Outside the central 6 RBs, Ês/Iot1 = -3 dB for CRS and otherwise Ês/Iot1 -∞. Further X = 8.2 dB with absolute levels proposed above. The pass criterion is Y = 5. 

Conclusions
We have provided our considerations on test parameters, summarized by the following proposals: 
[bookmark: _GoBack]Proposal 1: The assumed number of RBs upon which the WB-RSRQ value is based shall be 50. Note that this figure impacts the value that shall be used as reference in test cases, but otherwise does not imply a particular UE implementation.
Proposal 2: WB-RSRQ shall be tested using a single test case in AWGN where an inter-frequency neighbour cell is measured over the bandwidth of 50 RBs. The Rx levels are Io2 over the central 6 RBs, and Io1 outside the central 6 RBs. All REs in the inter-frequency neighbour cell are muted except CRS from Tx ports 0 and 1, and synchronization signals. Inside the central 6 RBs, Ês/Iot2 = 17 dB for CRS and synchronization signals, otherwise Ês/Iot2 -∞. Outside the central 6 RBs, Ês/Iot1 = -3 dB for CRS and otherwise Ês/Iot1 -∞. Further X = 8.2 dB with absolute levels proposed above. The pass criterion is Y = 5. 
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