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1.
Introduction

At RAN4#66bis in Chicago, proposals were put forward in [1] to capture the Wideband RSRQ inter-frequency accuracy requirement. Useful discussion ensued, but no consensus was reached. A Way forward was agreed in R4-131364 [2], but notes that “the basis for the Ideal wideband RSRQ value (under conditions where Io is not constant across the channel BW) is FFS”.
This discussion paper aims to achieve a common technical understanding, and gives Anritsu’s views on how the requirement could be specified. It also considers the relationship to a practical test case.
2.
Understanding of Core requirement
An extract from R4-131952 [1] is given here, using Wideband RSRQ Inter frequency absolute accuracy as an example, selected because it is the expected test scenario:
9.1.6.3
Absolute WB-RSRQ Accuracy

The requirements in this section shall apply when the measurement configuration message received by the UE contains widebandRSRQ-Meas parameter in TS 36.331 [2]. The measurement bandwidth of wideband RSRQ measurement shall be larger than 6RBs.

The accuracy requirements in Table 9.1.6.3-1 are valid under the following conditions:

The value of the parameter, AllowedMeasBandwidth in TS 36.331 [2], is 50 resource blocks or larger

Cell specific reference signals are transmitted either from one, two or four antenna ports.

Conditions defined in TS 36.101 [5] Clause 7.3 for reference sensitivity are fulfilled.

RSRP|dBm according to Annex B.3.1 for a corresponding Band.
Table 9.1.6.3-1: Wideband RSRQ Inter frequency absolute accuracy

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot1

Note2
	Io1-Io2 Note 1
	Io1 range

	
	
	
	
	E-UTRA operating bands
	Minimum Io1
	Maximum Io1

	dB
	dB
	dB
	dB
	
	dBm/15kHz
	dBm/BWChannel

	(2.5
	(4
	(-3 dB
	0 ≤Io1-Io2 ≤ TBD
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	-121
	-50

	
	
	
	
	9, 42, 43
	-120
	-50

	
	
	
	
	28
	-119.5
	-50

	
	
	
	
	2, 5, 7, 27, 41, [44]
	-119
	-50

	
	
	
	
	26
	-118.5 Note 3
	-50

	
	
	
	
	3, 8, 12, 13, 14, 17, 20, 22, 29 Note 5
	-118
	-50

	
	
	
	
	25
	-117.5
	-50

	(3.5
	(4
	(-6 dB
	
	Note 4
	Note 4
	Note 4

	NOTE 1:   Io1 is the Io level in the resource blocks other than central 6 resource blocks within the AllowedMeasBandwidth in TS 36.331 [2] and Io2 is the Io level in central 6 resource blocks.
NOTE 2:   Iot1 is the received power spectrum density of total interference and noise for all the resource blocks, other than central 6 resource blocks. 
NOTE 3:
The condition has the minimum Io1 of -119 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 4:
The same bands and the same Io1 conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.

NOTE 5:
Band 29 is used only for E-UTRA carrier aggregation with other E-UTRA bands.


In Anritsu’s understanding, there are two related points which prevented agreement of R4-131952 [1]:

· What “Ideal wideband RSRQ value” are the ±dB accuracy figures (green highlight) relative to?

· Does the statement “The measurement bandwidth of wideband RSRQ measurement shall be larger than 6RBs” (yellow highlight) affect what “Ideal wideband RSRQ value” is used?

2.1  Ideal RSRQ value for constant spectral density  

The definition of RSRQ when the signals have constant spectral density, as envisaged in Rel-8, is related to the RSRQ definition in TS 36.214 [3]: 

5.1.3
Reference Signal Received Quality (RSRQ) 
	Definition
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. If higher-layer signalling indicates certain subframes for performing RSRQ measurements, then RSSI is measured over all OFDM symbols in the indicated subframes.

The reference point for the RSRQ shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.


When the signals have constant spectral density, as specified for “normal” RSRQ in TS 36.133 [4] clause 9.1.6.1, it does not matter how many RBs the UE uses to estimate RSRQ, because the “N” in numerator and denominator of 36.214 above cancels out. There is therefore a well-defined “Ideal RSRQ value”, and this is specified as part of the test case in A.9.2.3. The test equipment observes the UE reported RSRQ, compares it to (Ideal RSRQ value ±xdB) where ±xdB is specified in clause 9.1.6.1, and the pass/fail verdict is clear.    
2.2  Ideal RSRQ value with non-constant spectral density  

The real-life scenario for WB-RSRQ has non-constant spectral density, and is described in the way forward [2]. The way forward also states that there is no limitation for UE implementation in the number of RBs used for Wider bandwidth RSRQ measurements, as long as it is greater than 6 PRBs.
It is clear that for non-constant spectral density, the value of RSRQ calculated according to TS 36.214 [3] will depend on N. Even though the UE uses the same value of N in numerator and denominator, the ratio will be different because the RSSI value, comprising the linear average of the total received power, will be a strong function of N in the WB-RSRQ scenario. Measuring over the central 6 RBs will give a significantly lower RSSI than measuring over a larger number of RBs, which is why Rel-8 UE requirements for reported RSRQ are inadequate in this scenario.
2.3  Ideal RSRQ value from network viewpoint  

From the network viewpoint, in the non-constant spectral density scenario, the best estimate of RSRQ would come from averaging over 50RB. This is based on the principle of “what reported value allows the network to make the best decisions?”. Using the simulation parameters in Annex A, the Ideal RSRQ value would be -14.04dB. Then the core requirement to be tested would be: 
Reported RSRQ: -14.04dB ±2.5dB

Min RSRQ = (-14.04dB -2.5dB) = -16.54dB
Max RSRQ = (-14.04dB +2.5dB) = -11.54dB
2.4  Ideal RSRQ value from UE implementation viewpoint  

One interpretation of the proposal in [1] is that a valid Ideal RSRQ value can be based on whatever number of RBs the UE chooses to use. Reading the yellow highlight requirement text literally, the UE could measure using from 7RBs up to 50RBs. This is based on the principle of “the core requirement should not constrain the UE implementation”. Using the simulation parameters in Annex A, and calculating the Ideal RSRQ value based on allowed implementations using 7RBs to 50RBs, the core requirement to be tested would be: 

Reported RSRQ based on 7RB: -9.70dB ±2.5dB

Reported RSRQ based on 50RB: -14.04dB ±2.5dB

Min RSRQ = (-14.04dB -2.5dB) = -16.54dB
Max RSRQ = (-9.70dB +2.5dB) = -7.20dB
We can see that the minimum RSRQ is the same as the “network viewpoint” case, but the maximum RSRQ can be as high as -7.2dB. For comparison, a UE measuring only the centre 6RBs, which is the Rel-8 behaviour already agreed to be inadequate, would measure Reported RSRQ: -7.95dB ±2.5dB, giving Max RSRQ = (-7.95dB +2.5dB) = -5.45dB with Annex A conditions.
The significance is that a UE measuring 7RBs can therefore be (-7.20dB –(11.54dB)) = 4.34dB worse than ideal from the network viewpoint, and only (-5.45dB –(7.20dB)) = 1.75dB better than a Rel-8 UE. Whilst 7RB may not be a practical UE implementation, it is a legitimate interpretation of the proposal in [1].    
In summary, Anritsu believe that the core requirement proposal in [1] leaves so much flexibility that UEs could fail to report adequately in the real life network scenario, and therefore leave the problem unsolved. It also makes the test requirement, which should be clearly related to a defined core requirement, very wide and may make the test almost pointless.    

3.
Alternative way to express the Core requirement
There is clearly a tradeoff between how closely the UE can report the Ideal RSRQ value from network viewpoint, and the UE implementation flexibility.

It is recognised that the UE may want flexibility to implement RSRQ estimation using less than 50RBs, provided that the reporting is adequate in practice. It is also recognised that the existing Rel-8 normal condition ±2.5dB/±3.5dB (depending on Es/Iot) RSRQ accuracies are based on constant spectral density, and do not include any extra margin for the non-constant spectral density case.

From the analysis in section 2 above, it can be seen that estimating RSRQ using less than 50RBs increases the maximum reported RSRQ, but there is no effect on the minimum reported RSRQ.
It is useful to consider what happens to the maximum and minimum reported RSRQ values in the non-constant spectral density case if the UE uses at least 15RBs to estimate RSRQ. Using again the simulation parameters in Annex A: 
Reported RSRQ based on 15RB: -12.85dB ±2.5dB

Reported RSRQ based on 50RB: -14.04dB ±2.5dB

Min RSRQ = (-14.04dB -2.5dB) = -16.54dB
Max RSRQ = (-12.85dB +2.5dB) = -10.35dB
A UE measuring 15RBs can therefore be (-10.35dB –(11.54dB)) = 1.19dB worse than ideal from the network viewpoint, and (-5.45dB –(10.35dB)) = 4.90dB better than a Rel-8 UE.    
Our proposal is therefore to use asymmetric accuracy figures, and increase the upper accuracy limits only by 1.2dB, to give:

9.1.6.3
Absolute WB-RSRQ Accuracy

The requirements in this section shall apply when the measurement configuration message received by the UE contains widebandRSRQ-Meas parameter in TS 36.331 [2]. The accuracy figures are relative to the value that would be obtained by estimating RSRQ using the full AllowedMeasBandwidth.

The accuracy requirements in Table 9.1.6.3-1 are valid under the following conditions:

The value of the parameter, AllowedMeasBandwidth in TS 36.331 [2], is 50 resource blocks or larger

Cell specific reference signals are transmitted either from one, two or four antenna ports.

Conditions defined in TS 36.101 [5] Clause 7.3 for reference sensitivity are fulfilled.

RSRP|dBm according to Annex B.3.1 for a corresponding Band.
Table 9.1.6.3-1: Wideband RSRQ Inter frequency absolute accuracy

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot1

Note2
	Io1-Io2 Note 1
	Io1 range

	
	
	
	
	E-UTRA operating bands
	Minimum Io1
	Maximum Io1

	dB
	dB
	dB
	dB
	
	dBm/15kHz
	dBm/BWChannel

	-2.5
+3.7
	-4.0
+5.2
	(-3 dB
	0 ≤Io1-Io2 ≤ TBD
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	-121
	-50

	
	
	
	
	9, 42, 43
	-120
	-50

	
	
	
	
	28
	-119.5
	-50

	
	
	
	
	2, 5, 7, 27, 41, [44]
	-119
	-50

	
	
	
	
	26
	-118.5 Note 3
	-50

	
	
	
	
	3, 8, 12, 13, 14, 17, 20, 22, 29 Note 5
	-118
	-50

	
	
	
	
	25
	-117.5
	-50

	-3.5

+4.7
	-4.0
+5.2
	(-6 dB
	
	Note 4
	Note 4
	Note 4

	NOTE 1:   Io1 is the Io level in the resource blocks other than central 6 resource blocks within the AllowedMeasBandwidth in TS 36.331 [2] and Io2 is the Io level in central 6 resource blocks.
NOTE 2:   Iot1 is the received power spectrum density of total interference and noise for all the resource blocks, other than central 6 resource blocks. 
NOTE 3:
The condition has the minimum Io1 of -119 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 4:
The same bands and the same Io1 conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.

NOTE 5:
Band 29 is used only for E-UTRA carrier aggregation with other E-UTRA bands.


This aims to address the two points which prevented agreement of R4-131952 [1]:

· The RSRQ value that the ±dB accuracy figures are relative to, is clearly stated
· The proposal does not directly mandate any specific UE implementation, but does place a limit on the effect of non-constant spectral density. 
It also has the benefit of allowing a well-defined test case based on clear core requirements. 
4.
Test case
The aim of the test is to differentiate between a UE that correctly measures wideband RSRQ according to the core requirement, and a UE that incorrectly measures RSRQ over the minimum of 6RBs in the centre of the channel as allowed by Rel-8 requirements.
Since Anritsu’s previous contribution in R4-126092 [5], RAN4 has agreed changes:

· RE config2 for wideband RSRQ testing, transmitting CRS of antenna ports 0, 1 and PSS/SSS/PBCH

· All others REs with zero power 
With all other REs zero power, RSSI is lower and RSRQ becomes higher. Another effect of all other REs having zero power is that the difference Y between RSRQw and RSRQc becomes larger. The difference is reduced a little by the decision to include PBCH, but is still improved. The diagram below gives revised values for the test scenario in [5], based on the proposed core requirement in section 4 of this document:
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To avoid failing a good UE, the Test limit must be set at the upper end of allowable RSRQw.

The actual value of RSRQ set by the test system will be subject to uncertainty in Noc1, Noc2, and Es/Noc1. The UE RSRQ reporting resolution of 0.5dB will also be included by RAN5 when setting the test limits. However the separation between RSRQc and RSRQw looks big enough to give a reasonably decisive test.
5. Summary and recommendations

Based on the above analysis, Anritsu’s recommendation for the wideband RSRQ core requirement and test are as below.
Core requirement:
· State clearly that the accuracy figures are relative to the value that would be obtained by estimating RSRQ using the full AllowedMeasBandwidth
· Increase the upper accuracy limits by 1.2dB, to allow for the effect of non-constant spectral density

Test case:
· Test should measure absolute RSRQ on an inter-frequency neighbour
· Neighbour cell Es/Iot = -3dB
· Neighbour cell (Noc2 - Noc1) = -20dB
· Neighbour cell Noc2 region = 6RBs
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Annex A: Simulation scenario and parameters 
The following parameters were used to obtain the RSRQ values:

· Es/Noc1 = -3dB
· Noc2 –Noc1 = 20dB

· N=6RBs

· AllowedMeasBandwidth = 50RBs

· CRS of antenna ports 0, 1 and PSS/SSS/PBCH
· PBCH on, assume here worst case where UE estimates RSRQ using only subframes with PBCH

· All other REs with zero power 

At RAN4#66bis, it was agreed in R4-131364 [2] that RE config2 would be used for wideband RSRQ testing, transmitting CRS of antenna ports 0, 1 and PSS/SSS/PBCH. RSRQ is estimated only in OFDM symbols containing reference symbols for antenna port 0, so PSS/SSS do not affect RSRQ. However in subframes containing PBCH, the allocated RBs will contribute power to the RSSI, and hence decrease the RSRQ.

To calculate the largest effect that PBCH could have, and as TS 36.214 does not specify any method of time averaging across subframes, a worst case scenario was considered where the UE estimates RSRQ only on subframes containing PBCH. Although this is very unlikely, it gives an upper bound to the effect. Within a subframe only the 3rd symbol of the four OFDM symbols containing reference symbols is affected.

Averaged over a subframe containing PBCH, the average RSSI power is:

RE power x ¼ (4/12 + 4/12 + 12/12 + 4/12) = 6/12

This power, together with the AWGN, is used to calculated RSSI in the centre 6 RBs. Elsewhere, RSSI is calculated using RE power x 4/12.        
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