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1.
Introduction

At RAN4#64 in Qingdao the agreements on Wideband RSRQ were captured in [1], and at RAN4#64bis in Santa Rosa a number of proposals were put forward in [2], [3] and [4]. Useful discussion ensued, but no consensus was reached.
This discussion paper gives Anritsu’s views on the tradeoffs in a practical test case, and makes some suggestions for a way forward.
2.
Analysis of test case
Following the format used in Qualcomm’s paper [2], the test setup is best described by specifying the Noc levels Noc1 and Noc2, and an Es/Noc1 value as these are the parameters controlled by the test system.
The aim of the test is to differentiate between a UE that correctly measures wideband RSRQ over the whole channel bandwidth, assumed to be 10MHz/50RBs, and a UE that incorrectly measures RSRQ over the minimum of 6RBs in the centre of the channel.
In [2] it is stated that to have a meaningful test the difference between RSRQ centre (RSRQc) and wideband RSRQ (RSRQw) has to be higher than the measurement accuracy defined in Tables 9.1.5.1-1 and 9.1.6.1-1 of TS 36.133 [5]: (2.5 dB for RSRP Es/Iot >=-3dB and (3.5 for RSRP Es/Iot>=-6dB.
However Anritsu’s view is that to give a decisive test, the difference Y between RSRQw and RSRQc should be 2 x the UE reporting accuracy, for example (2 x 2.5dB) for Es/Iot >-3dB. The reasoning is that the UE could read the RSRQc 2.5dB low, or read the RSRQw 2.5dB high. The principle is shown below (the reasoning for the parameter values chosen is covered in section 3):
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Ideally the expected values of RSRQc and RSRQw would be separated by at least 5dB (2 x the +/- accuracy figure for Es/Iot >=-3dB) to ensure a decisive and reliable test result.
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. Remembering also that the UE RSRQ reporting resolution is 0.5dB, it makes sense to choose the test parameters so that the expected values of RSRQc and RSRQw are as widely separated as possible.
3. Choice of parameter values
3.1. Number of cells and frequencies
In our understanding the test is more stringent when the UE is measuring RSRQ on a neighbour cell, as the UE will already be demodulating the serving cell. Because having 2 intra-frequency cells on the same frequency reduces the (RSRQc - RSRQw) difference, we propose that the test should measure absolute RSRQ on an inter-frequency neighbour.

3.2. Es/Iot value
There are 2 specified ranges of accuracy:

At Es/Iot ≥ -3dB, accuracy ±2.5dB)
At Es/Iot ≥ -6dB, accuracy ±3.5dB)
Within a specified Es/Iot accuracy range, the (RSRQc - RSRQw) difference is greatest at the lower limit of the Es/Iot value. For example, with N = 6RBs and (Noc2 - Noc1) = -20dB:

At Es/Iot = -1dB, (RSRQc - RSRQw) = 3.19dB
At Es/Iot = -3dB, (RSRQc - RSRQw) = 4.32dB (note this is 0.68dB less than the desired 2 x 2.5dB)
If we do a similar calculation for Es/Iot down to -6dB, again with N = 6RBs and (Noc2 - Noc1) = -20dB:

At Es/Iot = -4dB, (RSRQc - RSRQw) = 4.96dB (note this is 2.04dB less than the desired 2 x 3.5dB)
At Es/Iot = -6dB, (RSRQc - RSRQw) = 6.37dB (note this is 0.63dB less than the desired 2 x 3.5dB)
The choice of test point therefore initially appears to be Es/Iot = -6dB, to achieve an (RSRQc - RSRQw) difference closest to the desired separation. However, the conditions for E-UTRAN inter-frequency measurements in TS 36.133 [5] B.2.3 specify Es/Iot = -4dB, which is a much less desirable test point for (RSRQc - RSRQw) difference.

Overall therefore, the best choice of test point is Es/Iot = -3dB.  
3.3. Noc1 and Noc2 values
In general the (RSRQc - RSRQw) difference increases as the difference between Noc2 and Noc1 becomes larger. However below about -20dB the increase becomes insignificant. With Es/Iot = -3dB: 

At (Noc2 - Noc1) = -15dB, (RSRQc - RSRQw) = 4.15dB
At (Noc2 - Noc1) = -20dB, (RSRQc - RSRQw) = 4.32dB
At (Noc2 - Noc1) = -25dB, (RSRQc - RSRQw) = 4.38dB
We therefore recommend (Noc2 - Noc1) = -20dB.

The test should be done at a low signal level for the neighbour cell, where RSRQ is hardest to estimate. The lowest achievable level for Noc2 would be around the UE Refsens value. We note that Band 1 Refsens is -100dBm in 4.5MHz, which scales to -124.8dBm/15kHz (about 7.5dB above thermal noise). We prefer to make the test case band-agnostic, so a further 3.5dB should be added for Band 25 Refsens degradation, and then allow a further 1.5dB in case of CA extra insertion loss. Rounding up gives -119dBm/15kHz.
We suggest recommend Noc2 = -119dBm/15kHz and therefore Noc1 = -99dBm/15kHz.
This gives RSRP = -102dBm, and Io -97.6dBm/15kHz weighted average.
For information, RSRQ side conditions in 36.133 Tables B.3.1-1 and 9.1.6.1-1:

For Band 25, RSRP > -123.5dBm/15kHz and Io > -117.5dBm/15kHz.
3.4. Width of Noc2 region
In general the (RSRQc - RSRQw) difference decreases as the width of Noc2 region decreases, because RSRQc measured over 6RB includes power from Noc1. With Es/Iot = -3dB and (Noc2 - Noc1) = -20dB: 

At Noc2 region = 6RBs, (RSRQc - RSRQw) = 4.32dB
At Noc2 region = 5RBs, (RSRQc - RSRQw) = 3.17dB
At Noc2 region = 4RBs, (RSRQc - RSRQw) = 2.28dB
At Noc2 region = 3RBs, (RSRQc - RSRQw) = 1.56dB
We can see that with Noc2 region = 3RBs, there is significant overlap between a UE that measures RSRQc and a UE that measures RSRQw. It is hard to distinguish between them, and to avoid failing UEs that correctly measure RSRQw, the test limit would need to be set at a value that would also pass most UEs that measure RSRQc.
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Although it has been pointed out in [4] that in a real network the gap may be about 3RBs, using this value in a test case gives a test with very little ability to distinguish correct and incorrect UE implementations.
We therefore recommend Noc2 region = 6RBs.

3.5. Other considerations
The serving cell can be set to “easy” RSRQ conditions, and need not be measured.
The above analysis considers the ideal case, with no allowances for test system uncertainty and reporting quantisation. These effects are considered in RAN5, and will increase the test limit a little, resulting in a slightly higher chance of passing a UEs that measures RSRQc.
4. Summary and recommendations

Based on the above analysis, Anritsu’s recommendation for the wideband RSRQ test is as below:
· Test should measure absolute RSRQ on an inter-frequency neighbour
· Neighbour cell Es/Iot = -3dB
· Neighbour cell (Noc2 - Noc1) = -20dB
· Neighbour cell Noc1 = -99dBm/15kHz and Noc2 = -119dBm/15kHz 
· Neighbour cell Noc2 region = 6RBs
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