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1. Introduction

In RAN4#65, wideband RSRQ was again discussed in RAN4, and a way forward was agreed[1]. One main outcome was that the benefit of wideband RSRQ for idle mode was agreed, and corresponding LS were sent to RAN2 and GERAN. However, the RAN4 discussions on definition of WB-RSRQ and test methodology are still to be concluded.
2. Discussion

In RAN4#65, the discussion took place on whether RSRP and RSSI need to be measured over the same resource blocks to evaluate RSRQ. Some companies expressed the view that RAN1 specification serves to define the nominal value of RSRQ, but not the implementation that is used to evaluate RSRQ. Therefore, even though the RAN1 definition indicates:
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.
It would be possible nevertheless to implement meaurements over different sets of RBs and then perform appropriate scaling (eg of E-UTRA carrier RSSI) such that the nominal RSRQ reported is equivalent. So far, we did not hear any technical argument that there would be a problem caused by using 6RB for RSRP and using wideband RSSI to evaluate wideband RSRQ. As observed in [2] there should be no difference between nominal 6RB RSRP and nominal WB RSRP, at least in the long term average when frequency selective fading is averaged out. One motivation for doing this would be when wideband RSRQ and feICIC features are used in combination. If this change in implementation were allowed, then the searcher would only need to perform CRS cancellation over 6RB bandwidth in order to implement the measurement part of CRS-IC. Hence we think it could be beneficial to allow RSRP and RSSI to be measured over different sets of RBs within the channel bandwidth (and the RSSI should be measured over wide bandwidth when WB RSRQ measurement is indicated). In RAN4#64bis some companies indicated a concern that measuring RSSI and RSRP on different resources in frequency domain may increase rather than reduce the complexity. While this may be somewhat implementation dependent, the proposal does not require UEs to measure RSRP and RSSI over different bandwidths and wideband RSRQ could equally well be implemented by measuring RSRP and RSSI over the full allowed measurement BW according to implementation preference. Since there seems to be different views in RAN4 whether this is allowed by the current 36.214 measurement definition, our view is that some clarification would be beneficial, since the current statement that the measurements shall be made over the same set of resource blocks appears rather definitive, and for someone who had not participated in historic 3GPP discussions it would appear to mandate a particular approach to implementation which would disallow 6RB RSRP and wideband RSSI.
Proposal 1 :  It is recommended to clarify 36.214 so that it does not imply that measurements over the same resource blocks for numerator and denominator are mandatory.

One possible wording would be

For the purpose of measurement definition, Tthe measurements in the numerator and denominator are assumed to shall be made over the same set of resource blocks.
Another discussion which took place was on the test case definition. In our view, it is very hard to progress on test cases without a formal definition of wideband RSRQ. In [3], we provided an updated definition of WB-RSRQ but it seems that the majority of companies did not favour updates to 36.214. On the other hand, we strongly believe that it will be difficult to progress with the details of test case definition unless there is a common understanding of what is meant by a UE measuring wideband RSRQ and moreover as the RRM test cases should be based on solid core requirements this understanding needs to be captured in some specification – perhaps 36.133 could capture the details since 36.214 definition is generic for different measurement bandwidths.
As a first step, we suggest that RAN4 discusses the understanding of wideband RSRQ. In earlier discussions it has been clearly stated that wideband RSRQ measurement bandwidth will be left to UE implementation, and this has been indicated to RAN2. On the other hand, it is also clear that 6RB measurements are disallowed for wideband RSRQ, otherwise the entire discussion becomes meaningless. Thus we propose a working definition of wideband RSRQ

Proposal 2 : Wideband RSRQ is defined as a measurement with 15RB or greater bandwidth.

A later step can be to determine if and how to capture this working definition in specifications. Nevertheless we think a definition of wideband RSRQ is necessary to progress with the test case work, and the definition should also naturally be consistent with earlier RAN4 discussion and agremeents on the topic. Such a definition allows a range of nominal RSRQ to be determined for a given test case configuration.
The way forward[1] provides the following methodology for test parameterisation
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« The following parameters are agreed for wider bandwidth RSRQ
requirements and testing
- N=6RBs
— AllowedmeasBW = 50 RBs

AllowedmeasBW = 50 RBs

Frequency
N

Wideband RSRQ < (Reference RSRQ -Y dB)
Where “reference RSRQ”is over 6 RBs and set by test equipment




Figure 1 : Test parameterisation, reproduced from [1]
Considering in more detail the exact test configuration, we agree with the approach in [5] that the testing could be applied on an inter-frequency RSRQ measurement. As previously discussed in [4] and [5], if there are two 50RB cells (one serving cell and one target cell to be measured) in an intrafrequency test then the difference between wideband and narrowband RSRQ is necessarily limited. An alternative approach would be to configure only a serving cell, and then to generate an Noc profile such as the one show in figure 1, and indeed this would be equivalent to the inter-frequency configuration. Nevertheless, for test case simplicity it seems reasonable to perform an interfrequency evaluation of RSRQ accuracy, especially as it is clear that in this case the UE can be readily scheduled on the serving cell with the same interference level on all subbands.
The outstanding question is then the test case configuration. Following the earlier approach, we consider the tester settable paramters as Noc1 and Noc2, and Es/Noc1. Following the approach of [5], Es/Noc1 was set to -3dB (-4dB would be necessary to ensure an interfrequency cell is detectable, and -3dB allows testing in the regime where RSRQ accuracy is specified as (2.5dB rather than (3.5dB). Noc1 was set to -99dBm. Noc2 level was varied from -99dBm to -119dBm, and the nominal values of RSRQ with 6RB, 15RB, 25RB and 50RB measurement bandwidth are evaluated. The result is shown in figure 2. A UE noise floor of -123dBm has been assumed in these results although it has a very minimal impact to the RSRQ difference (at most about 0.03dB).
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Figure 1 : Difference between 6RB RSRQ and wideband RSRQ using different measurement bandwidths.
As can be seen from figure 1, the difference between WB RSRQ and 6 RB RSRQ tends asymptotically to a limit as the power difference Noc1-Noc2 increases, due to the impact of the target cell being measured to the RSSI term of RSRQ. Following the approach of [5] a possible setting of Noc1-Noc2 which would give a reasonable difference between 6RB RSRQ and WB-RSRQ is 20dB. Nevertheless, we would like to understand better the practical implementations of Noc generator and whether such an interference profile can be practically generated considering the dynamic range of the test equipment. In fact test equipment which could not ensure a 20dB power difference between Noc1 and Noc2 would not significantly disadvantage a UE which performs WB-RSRQ measurement correctly (assuming Noc1 is correctly set, but leakage means than Noc2 is higher than the expected setting), but it would make it easier for a UE performing 6RB measurement to pass the test case. Therefore we make the following proposal
Proposal 3 : Subject to confirmation that it is a practical setting for test equipment, Noc1-Noc2=20dB is used. Noc1=-99dBm/15kHz and Es/Noc1=-3dB are assumed
For information this gives Io1=-97.2dBm/15kHz and Io2=-101.9dBm/15kHz following the definitions in the way forward [1].
Finally we consider the test limits. Since according to proposal 2, wideband RSRQ is defined as a measurement with 15RB or greater bandwidth, we propose that the test limits are derived as follows

Proposal 4 : Test limits are derived as:
· Upper test requirement = RSRQ15+2.5dB

· Lower test requirement = RSRQ50 – 2.5dB

A UE performing the test cannot measure with greater than 50RB, because in the test configuration it is already agreed that AllowedmeasBW = 50 RBs. Nor can it measure with less than 15RB, because then according to the proposal 2 it would not be performing WB-RSRQ measurement. The intention of this proposal is to ensure that no UE which measures with a bandwidth in the acceptable range is disadvantaged in the test. RAN5 test tolerances would be added to these values in the usual way. Since the difference between RSRQ15 and RSRQ6 is 3.33dB, there exists a theoretical possibility that a UE measuring narrowband RSRQ can pass the testcase. However, our view is that the possibility is only theoretical since it would need to consistently report RSRQ between 0.8dB below nominal and 2.5dB below nominal in order to pass both the new WB-RSRQ and the legacy test RSRQ accuracy test case. Thus all reported RSRQ samples would need to come from a distribution which has a spread of 1.67dB at the 90 percentile points. For this reason, however, we think it is also beneficial to keep the existing RSRQ accuracy test case; otherwise a bad UE implementation might under-report RSRQ in all circumstances, and pass the WB-RSRQ test without performing wideband measurements.
3. Conclusions

In this contribution we discussed some of the remaining issues related to finalising the RAN4 work on wideband RSRQ. Firstly we discuss the measurement definition, and we consider that to simplify UE implementation it would be beneficial to allow RSRP and RSSI used for WB RSRQ to be measured over different resource blocks in the frequency domain. This means that for example 6RB RSRQ and wideband RSSI (with appropriate scaling) could be used to derive RSRQ. Some companies already had the view that this is possible, however as the wording in 36.214 can be interpreted as a mandatory requirement on measurements we make the following proposal.
Proposal 1 :  It is recommended to clarify 36.214 so that it does not imply that measurements over the same resource blocks for numerator and denominator are mandatory.

Next we considered how to progress with the test case definition. We see the lack of a definition of WB-RSRQ as a blocking point when it comes to agreeing a test; therefore we propose:
Proposal 2 : Wideband RSRQ is defined as a measurement with 15RB or greater bandwidth.

Following the general framework introduced in [4] and [5], we evaluate test equipment settable parameters for the test. Similar to other contributions in RAN4#65, we assume that N=6RB, and Es/Noc1=-3dB to ensure that RSRQ can be tested with the more accurate tolerance of ±2.5dB, and moreover the test can be configured as an interfrequency test without any concern on the detectability of the target cell. For these settings and with Noc1=99dBm/15kHz, we evaluated RSRQc-RSRQ15, RSRQc-RSRQ25 and RSRQc-RSRQ50 to understand the difference in the different RSRQ metrics for different (Noc2-Noc1) settings. Based on this we propose that to ensure reasonable differences 
Proposal 3 : Subject to confirmation that it is a practical setting for test equipment, Noc1-Noc2=20dB is used. Noc1=-99dBm/15kHz and Es/Noc1=-3dB are assumed

This proposal is subject to practical considerations about test equipment because we note that although a tester which generated noise at level Noc1 which leaked into the central 6RB would not cause problems for a UE which performs WB-RSRQ measurement, any leakage of interference harms the ability to discriminate a UE which performs 6RB measurements.
Finally we discuss the test limits. In view of proposal 2, and to avoid disadvantaging any UE which performs wideband measurement, it is proposed that for the test case:
Proposal 4 : Test limits are derived as:
· Upper test requirement = RSRQ15+2.5dB

· Lower test requirement = RSRQ50 – 2.5dB
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