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1. Introduction

In previous meetings there has been much discussion of wideband RSRQ in RAN4, culminating in an agreed liaison statement to RAN2 which requests that :-

· Explicit indication is signaled by the network to inform the UE to perform wider bandwidth RSRQ measurement.

· The indication is signaled per E-UTRA carrier frequency.

· It applies to intra-frequency, inter-frequency and inter-RAT E-UTRA (i.e. when serving cell is UTRA) 

· Applicable in E-UTRAN in RRC-CONNECTED state and UTRAN in CELL_DCH state.

· It applies when AllowedMeasBandwidth is 10 MHz or larger.

· Measurement Bandwidth information

· Use existing parameter AllowedMeasBandwidth defined in TS 36.331 to inform UE about allowed measurement bandwidth.

The actual measurement bandwidth is up to UE implementation 
2. Discussion

In this contribution, we discuss the remaining open issues for RAN4, primarily the testing aspects. In a companion contribution [2], we discuss possible changes to the RSRQ definition when the WB-RSRQ indication is signalled by the network and implementation complexity aspects.
First we would like to discuss the current requirements for wideband RSRQ, before moving to test case considerations. Currently (assuming RAN2 CRs are agreed which follow the recommendations made by RAN4 in [1]), there would be an indication to perform wideband RSRQ in in the 36.331 RRC specification and we assume that there will also ultimately be a test case in 36.133 annex A. However, we think that it is important that there is also a normative requirement for wideband RSRQ in 36.133 (for example in chapter 9) to ensure that the test case is linked to the signalling of the indication. As previous discussions and the agreed LS have indicated that the actual measurement bandwidth should be left to UE implementation, the normative requirement should not indicate a measurement bandwidth, but on the other hand, should exclude 6RB measurements.
An example of such a normative requirement could be:-

9.X Wideband RSRQ measurements

When explicit indication is signalled by the EUTRA network for a carrier frequency using the information element TBD, the UE shall measure all cells on the carrier frequency using greater than 6RB measurement bandwidth. The measurement bandwidth used is UE implementation dependent, and requirements for RSRQ measurement accuracy are not changed by the indication.

Proposal 1 : A normative requirement to measure with greater than 6RB measurement bandwidth when the EUTRA network signals an indication to use wideband RSRQ is added in 36.133.
Alternatively or additionally, this may be included in a RAN1 definition of WB-RSRQ such as discussed in [2], depending on whether other changes are agreed for the fundamental definition of RSRQ are agreed when wideband measurements are made.  At any rate, this means that the test case can refer to a normative RAN1 or RAN4 requirement to measure more than 6RB, such as “This test case is intended to verify that UE can meet the requirements for wideband RSRQ described in section 9.X”

Now we turn our attention to the test design case itself.

In previous meetings there has been some consensus on the basic testing methodology which is shown in figure 1.
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The main controversial aspect has been whether to choose N=6 or N=3. Based on deployment considerations N=3 would be the appropriate setting, but several companies also expressed the view that N=6 would be a better setting since it better differentiates UE which measure only over the central 6RB (assumed for this discussion to be non-compliant UEs) with UE that measure over a wider bandwidth. Since the majority of companies seem to prefer N=6 and given the earlier discussion on a possible RAN1 or RAN4 core requirement to measure RSRQ over more than 6RB it could be acceptable as a compromise to use N=6.

Following the same approach as earlier[1], except for changing N=3 to N=6, we check from the semi-analytic study of wideband RSRQ performed earlier the conditions when the neighbour cell is 6dB stronger than serving cell. The results can be seen in table 2, and compared with earlier results for N=3 which are shown in table 3.
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-98 -87.21 -92 -81.21 -87.21 -84.9997407 -81.5822578 -80.9931934 -80.598535 -80.4138878 -80.2368 -13.0003 -16.4177 -17.0068 -17.4015


Table 2. Semi-analytical calculation example of RSSI levels for determining X, Y, with N=6RB
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Table 3. Semi-analytical calculation example of RSSI levels for determining X, Y,with N=3RB

Choosing the levels based on this approach:

· While the absolute levels used in this semi-analytical approach are somewhat arbitrary (provided the measurements are not greatly influenced by thermal noise, i.e. Io2 is well above the noise floor), we can see that based on this approach, we can select X = Io1-Io2=6.97dB. This setting is independent of the N value as Io1 and Io2 are unaffected by N in our analysis.
· The choice of Y can be lower bounded by 3.42dB (difference between RSRQ_6 and RSRQ_15 and upper bounded by 4.40dB (difference between RSRQ_6 and full BW measurement) when N=6. 
· Since there is some uncertainty in the nominal RSRQ (to determine an exact nominal RSRQ we would need to mandate the exact UE measurement bandwidth which is not in line with previous agreements), we suggest that the test limits need to be extended to allow all measurement bandwidths except 6RB. As can be seen, all the other bandwidths RSRQ lie within a span of 1dB.
· This means that (assuming the test is defined enough from the noise floor) for the proposed parameters, 90% of the measurement reports should be in the range -12.92dB to -20.90dB which is derived as NOMINAL_RSRQ_15RB+3.5dB to NOMINAL_RSRQ_50RB-3.5dB (assuming 10MHz bandwidth serving cell).
Based on the analysis above, we propose:

Proposal 2: Settings such as N=6RB, X=6.97 dB are used for the test case 

Proposal 3: Upper test limit is derived using the nominal RSRQ for 15RB with the RAN4 tolerance for measurement accuracy added, and the lower test limit is derived using the nominal RSRQ for 50RB with the RAN4 tolerance for measurement accuracy subtracted.
Proposal 3 gives a slightly wider tolerance (approximately 8dB range instead of the usual ±3.5dB=7dB range) for passing the test case but ensures that UE implementations which implement wideband RSRQ in different ways are not disadvantaged by the test.
3. Conclusions

In this contribution, we recommend 3 proposals for the further work in RAN4 on wideband RSRQ
Proposal 1 : A normative requirement to measure with greater than 6RB measurement bandwidth when the EUTRA network signals an indication to use wideband RSRQ is added in 36.133.
Proposal 2: Settings such as N=6RB, X=6.97 dB are used for the test case 

Proposal 3: Upper test limit is derived using the nominal RSRQ for 15RB with the RAN4 tolerance for measurement accuracy added, and the lower test limit is derived using the nominal RSRQ for 50RB with the RAN4 tolerance for measurement accuracy subtracted.
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Wideband RSRQ ≤ (Reference RSRQ  - Y dB)


Where “reference RSRQ” is over N RBs (e.g. N = 6 RBs) and set by test equipment
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