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Discussion and Decision
1
Introduction
RAN plenary meeting accepted the Rel.11 work item for the enhancement of MDT [1]. The WI covers two use cases, namely coverage optimization and QoS verification. The latter use case is new and was not addressed in the Rel.10 MDT discussions. This paper provides some views on the potential QoS measurements and issues related to those.
2 Discussion
2.1 General considerations

Before starting to define any new MDT features for this use case, it would be good to clarify what will be the concrete targets for the QoS verification. The MDT Rel.11 WID lists following to be considered for QoS verification:
· UE specific QoS measurements to verify performance relevant to end user perception

· Location information to do a QoS benchmarking geographical map
The user experienced quality per certain location will be affected by the radio conditions which should be considered somehow in the QoS verification. There are separate measurements defined for coverage optimization (basic measurements in Rel.10 and possible enhancements for Rel.11). Optimally the QoS verification should take the results and information from coverage optimization into account. The measurements for QoS verification should be complementary with those for coverage optimization and overlap with coverage verification should be avoided. In other words the QoS measurements should be defined for the QoS verification only and not to verify the network coverage. This is addressed in the MDT WID by stating that “It should be taken into account user-perceived non-availability of connection, e.g. at lack of coverage, frequent connection recovery or frequent handover”.

Proposal 1: Measurements defined for QoS verification should provide new information which cannot be known/inferred from coverage optimization, so that overlap between the coverage optimization and QoS verification is avoided.
Rel.10 MDT provides versatile capabilities for MDT configuration and data collection. Hence, it can be assumed that existing procedures can be re-used and they can be considered as primary options to support also the QoS verification. The question will be more about the measurements that would be beneficial for the QoS verification.

Proposal 2: Existing MDT procedures shall be re-used as much as possible for QoS verification.
2.2 QoS specific measurements

The MDT WID refers to the throughput measurement to be prime example for QoS measurements. Additionally it is stated that “Correlation of UE specific QoS measurements with other available information, e.g. link adaptation information, for root cause analysis to find critical factors determining observed QoS”. This would suggest that the measurements, both for coverage optimization as well as existing measurements related to QoS, should be utilized as the starting point when verifying the QoS. Also, those measurements can be used as assisting information when identifying the root cause for observed QoS.
Regarding existing QoS measurements, current specifications [2] & [3] already define a number of measurements that could be available for MDT QoS verification purposes as well (see corresponding radio measurements in section 2.4). L2 measurements defined in [2] (and usage for performance management described in [3]) include cell and QCI specific measurements as well as some UE specific measurements that could be relevant for QoS verification, e.g.:

· DL/UL number of active UEs; see discussion on network level issues in section 2.3
· DL packet delay per QCI

· DL packet discard rate per QCI
· DL/UL packet loss rate per QCI
· DL/UL scheduled IP throughput per QCI per UE

Such measurements can be considered as the basic reference for the existing capabilities and should be taken into account when assessing the need for the possible MDT enhancements for QoS verification. Such measurements can be considered as basic means for cell/network QoS verification i.e. whether any QoS related issues may exist in the cell/network. Combined with the radio measurement results, e.g. MDT Rel.10 measurements (see 2.4 & 2.5 for more detailed discussion), there may be already relatively good picture about the cell/network quality and whether more detailed analysis is required.

Proposal 3: Existing standardized L2 measurements shall be considered as the baseline for QoS verification, when assessing the need for potential enhancements to complete/improve the QoS verification.
2.3 Cell/network level considerations
When collecting the UE specific QoS metrics, it must be understood what cell level issues will affect the instantaneous measurement result which may be collected on per-location basis. At least following issues should be considered:
· Scheduling method/principle

· Number of connected terminals in the cell/network

· Cell/network load at the time of the measurement

· Coverage situation
The degree of fairness of the used scheduling method will determine how evenly the radio resources and/or provided bit rate will be distributed among UEs and in different parts of the cell/network. With high scheduling fairness the distant UEs will get better service quality compared to case where cell throughput is maximized; typically using less fair scheduling principle. Hence, e.g. the throughput of a UE in a certain location will be a function of the scheduling fairness. This, in turn, is up to the operator’s choice what target will be emphasized with the selected scheduling method.
The number of connected terminals will influence how often the UEs can be scheduled. The impact is naturally dependent on the cell load and how much radio resources the other UE are requesting.
The coverage situation will determine what the quality that can be achieved in the optimum situation, for example without other traffic in the cell. Also, the interference from the other cells may have meaningful impact on the QoS especially for the UEs at the cell borders. The verification of the cell coverage should be excluded from the QoS verification but the coverage measurements could be utilized when separating the two use cases and while assessing the impact of the radio conditions to the measured QoS.
Observation: There are many cell level functions and parameters that will affect the UE specific (and per-location) QoS measurement results.

Proposal 4: When evaluating a measurement for its applicability to QoS verification, all factors which can impact the usefulness of the measurement should be considered; what kind of inaccuracy the various factors will cause and what other parameters and measurements should be considered at the same time.

2.4 Radio measurement results supporting QoS

It can be assumed that the network coverage is somehow verified before the QoS verification will be done. Rel.10 provides the basic means for the coverage optimization suggesting that the QoS related measurements should provide additional information that cannot be obtained from the coverage measurements. The coverage is typically not designed to be “perfect”, so that some level of outage in coverage may be expected as long as it is below an acceptable threshold. Therefore, in the radio network there may be situations that the low QoS is impacted by the radio conditions. This in turn would suggest that the radio measurements could be useful results to be utilized while collecting other QoS related metrics.
Rel.10 immediate MDT includes the possibility to configure reporting of periodical downlink measurement results or reporting triggered by the A2 event. The MDT reporting will include the serving cell and neighbor cell RSRP or RSRQ results. Such results will indicate whether the UE is experiencing either poor radio coverage or if high interference is present that may affect the quality of the radio connection.
While being in connected mode, the UE will be configured to send DL CQI results which are used for scheduling purposes. The CQI is an indication about the actual achievable data rate that the UE may be able to decode with a given error probability considering current radio conditions. Hence, CQI reports will provide explicit information about the radio quality, and therefore also about the service quality, that the UE can achieve. Therefore, it would seem relevant information to be considered for MDT QoS verification as well.
The correlation between the CQI and actual throughput will depend at least on the scheduling method and on the traffic type. The Figure 1 and Figure 2 illustrate evaluated correlations between the WCQI and actual throughput. The WCQI here corresponds to UE measured SINR. The traffic model was the “full buffer” model which represents e.g. file downloading. From Figure 1 we see fairly high correlation between the WCQI and the measured throughput. However, the correlation is impacted by the scheduling principle which is visible in the difference between the two plots; here proportional fair (PF) and maximum throughput (MT) methods were applied for time domain (TD) and frequency domain (FD) as follows: TD/FD = PF/PF or PF/MT. Note that the scheduling methods are just examples showing the differences in the QoS behavior.
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Figure 1 Thoughput as the function of WCQI with two schedulers
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Figure 2 Throughput normalize to allocated radio resources, two schedulers
If the influence of the packet scheduling method is wanted to be eliminated, one could normalize the throughput results per allocated radio resource block. Figure 2 shows the normalized results corresponging to the same case illustrated in Figure 1. The differences between the two cases are fairly small and the absolute correlation has increased.
The calculated statistical value for the correlation factors between the WCQI and throughput were in these examples were as high as around 90% even for the non-normalizes results. The correlation was calculated using following formula:
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The results above are just examples and can be considered as indicative about the relevance of the CQI reports for QoS verification. Regarding the usage of the CQI results it should be taken into account that the CQI reports are quantized, i.e. the reports UE is sending are indicating the suitable bit rate that the UE can receive with the given error probability. Also, it should be noted that the correlation analysis will be different for services with guaranteed/constant bit rate where the service quality may be satisfied (achieved bit rate meeting the guaranteed bit rate requirement) without need to maximize the date rate in a given radio conditions. In this case the situations where the target bit rate is not achieved could be separately analyzed.
The corresponding correlation can also be measured between the RSRP/RSRQ and the throughput, where RSRP seems to provide somewhat higher correlation than the RSRQ but anyway lower than the CQI in similar conditions.

Proposal 5: RAN2 should consider how the Rel.10 MDT measurements and e.g. the CQI reporting could be utilized while verifying of service quality in the network.
2.5 Provision of the location information
To minimize the standard modifications and utilizing the procedures specified in Rel.10 it would be beneficial to utilize the DL measurement reporting to provide also the location information for QoS verification purposes. Particularly the periodical reporting combined with collection of QoS specific parameters would be a practical means to get MDT location information for other use cases than the coverage optimization only. At the same time the DL reporting will provide information about the radio conditions which have impact on the experience service quality. This would facilitate also separation of coverage issues from the other parameters affecting the service quality.

Proposal 6: It is proposed to utilize Rel.10 reporting procedures to provide the MDT location information for QoS verification. Pediodical DL measurement reporting with immediate MDT seems practical option to enable location information to be collected along with potential QoS related measurements/data collection.
3
Conclusions
This contribution addresses general issues that should be taken into account in the MDT WI discussions. There are e.g. cell and radio network wide issues that should be considered while looking at the UE specific measurement results for QoS. Also, the relation and usage of other radio and L2 measurements, some of those used for coverage optimization, is good to understand while defining the need for new measurements and reporting to support QoS verification. Hence, we propose following:
Proposal 1: Measurements defined for QoS verification should provide new information which cannot be known/inferred from coverage optimization, so that overlap between the coverage optimization and QoS verification is avoided.

Proposal 2: Existing MDT procedures shall be re-used as much as possible for QoS verification.

Proposal 3: Existing standardized L2 measurements shall be considered as the baseline for QoS verification, when assessing the need for potential enhancements to complete/improve the QoS verification.

Proposal 4: When evaluating a measurement for its applicability to QoS verification, all factors which can impact the usefulness of the measurement should be considered; what kind of inaccuracy the various factors will cause and what other parameters and measurements should be considered at the same time.
Proposal 5: RAN2 should consider how the Rel.10 MDT measurements and as well as the CQI reporting can be utilized while verifying of service quality in the network.

Proposal 6: It is proposed to utlize Rel.10 reporting procedures to provide the MDT location information for QoS verification. Pediodical DL measurement reporting with immediate MDT seems practical option to enable location information to be collected along with potential QoS related measurements/data collection.

4
References

[1] RP-111361, Enhancement of Minimization of Drive Tests for E-UTRAN and UTRAN, WID
[2] 3GPP TS 36.314, Layer-2 Measurements
[3] 3GPP TS 32.425, Performance measurements
