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1	Introduction
RAN2 discussion on the Enhanced QoS Verification use case scope in the framework of Further MDT Enhancements Study Item was initiated during RA2#89bis meeting and the following agreements were made:
1) Latency metrics for both UL and DL are desirable for GBR traffic
· FFS: Required/desirable/affordable accuracy
2) Packet Loss metrics for both UL and DL are desirable for GBR traffic
3) For uplink it needs to be discussed whether also packets subject to the PDCP Discard Timer expiry should be made visible
This paper elaborates open points resulted from the agreements and presents the main findings from simulated QoS scenarios in order to create common understanding about the need as well as challenges of the proposed QoS measurements for GBR traffic. 
2	Discussion
The Study Item aims at defining enhanced methods for QoS verification, in particular allowing measuring end user QoS of GBR traffic types (e.g., MMTEL voice/video). RAN2 already concluded that two metrics are desirable for this purpose:
· Latency
· Packet Loss
Remaining aspects and open points concern measurements realization and practical limitations that should be studied in order to understand measurements feasibility and usefulness. We address realization of the two metrics in UL direction. Obviously, non-existing in standard metric: Latency for UL needs to be studied, but the identified shortcoming of the Packet Loss metric for UL, i.e. packets subject to PDCP Discard Timer expiry also requires attention. 
2.1	Latency metric in UL
Although the latency on PDCP layer could be useful when verifying the experienced QoS there are some issues that should be considered before concluding any enhancements for feMDT. There are some challenges how the measurements can be done and what would be the optimum way of reporting the results:
· The transmission can happen in un-acknowledged mode (e.g. MMTEL Voice) i.e. in normal case there will not be any feedback to PDCP layer when the packet has been successfully sent by the lower layers: The delay measurement would require interaction between the layers by introducing a feedback mechanism from lower layers to indicate about successful packet transmission. This would result in complexity increase in the UE implementation.
· If the measurement was done without feedback from lower layers there should be a common time reference for all protocol layers involved.
· Should the RLC segmentation be taken into account; some segments may be successfully transmitted by lower layers whereas some may fail.
· What should the granularity of the measurement; subject to used clock frequency. Depending on the use of any filtering of the results, the reported granularity can be different from the individual measurement.
Potential issues related to delay reporting can be (subject to the decision about the measurement principle):
· Should the delay be reported with CP or UP signaling; bearing in mind that some of the MDT metrics are collected from MAC signaling without specific MDT reporting configuration.
· Should the reporting be event based (e.g. when delay exceeds a certain limit) or statistical (e.g. an average over the reporting/measurement period)
· The resolution and possible averaging of the reported delay result should be specified. The feasibility of any averaging depends on the actual measurement principle and reporting periodicity. Also the validity of the location information may limit the length for potential averaging function.
- 	Nor it will be possible to test the function as the operation depends on the other services and features running simultaneously with the latency measurement. 

Bearing in mind the general objective of “careful consideration” of the “UE complexity and memory requirements for MDT support”, it is desirable to elaborate thoroughly the benefits of the UL delay measurements as the implementation may not be straightforward. Alternatively there should be a fair compromise between the added complexity and achievable benefits. There could be also other metrics that would be indicative to the latency providing relevant information about the experienced delay without specifying a dedicated measurement for it. Therefore, existing mechanisms should be analyzed in order to understand if they could serve the ultimate goal, i.e. QoS verification for GBR traffic.
Proposal 1: RAN2 to further elaborate the options and requirements for UL Latency measurement and reporting, its usefulness and implementation in order to find desired compromise between the benefits and required complexity. 

2.2	Packet Loss/Discard in UL
With regard to lost packets in UL, an open question was about the shortcomings or the existing metrics, i.e. if the PDCP Discard Timer expiry should be made visible to the network. 
It is only the UE that knows when UL PDCP packets are discarded because they are not seen even on the air interface. Thus, making it available to the network would require UE involvement i.e. reporting of such cases. The Packet Discard does not require any measurement but just the detection when it happens. Therefore it is an easier metric (compared to the delay metric)considering the anticipated implementation. Since the only affected layer is PDCP, the overall complexity will be limited and the open issues are more on how the reporting should be done. 
Similarly to the latency reporting, there would be basically two main options for the reporting; either event based or statistical reporting. The event based reporting could be triggered by occurrence of a packet discard. The risk would be in this case for frequent reporting and resulted signalling load especially in the case where the root cause would be bad radio condition. The reporting could basically be done with MAC signalling in addition to RRC signalling.
The statistical reporting could be periodical reporting where the report could indicate whether packet discard (or multiple of those) happened during the reporting period. Alternatively, the report could include the number of packets that were discarded during the reporting period. Periodical reporting could be also enhanced cell measurement reporting where also the location information would become available.
Proposal 2: RAN2 is asked to consider the options and open issues for the reporting of UL packet discard discussed above; how the metric is collected and what would be the optimum way of reporting. 
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3	Evaluated behaviour
System simulations help to get understanding about the QoS behaviour and what would be the best way to assess the QoS for GBR traffic. In the simulations it is possible to compare the correlation of any metrics to the actual QoS that was experienced in the AS layer. The main findings about the QoS verification we have made based on the system simulations were the following:
· A single metric is typically not sufficient for reliable verification for the actual QoS. Finding an appropriate combination of two or more metrics will result in clearly improved correlation with the QoS and reliability for the estimate of the experienced QoS. The metrics can be radio measurements or QoS specific parameters.
· The scheduling principle will have large impact on the behaviour of measured QoS metrics. E.g. packet losses/drops may happen not only due to bad radio connection but also due to high load where the fairness of the scheduler will impact how UEs are served in different parts of the cell area. Hence looking only the QoS specific metrics may not reveal the root cause of potential degraded QoS but also other parameters should be taken into account.
Observation 1: In addition to radio propagation conditions also other parameters should be taken into account when analysing the QoS performance and when trying to identify the root cause for potential QoS problems. Affecting issues are at least cell/network load and used scheduling principle (fairness).
Proposal 3: RAN2 is asked to consider the network scenarios and affecting issues when determining the need for new enhanced MDT features for QoS verification.

4	Conclusions
In this paper we have elaborated the UL delay and packet discard measurements and reporting. Additionally we have listed the main findings from system simulations. The observations we made and the proposals we had were the following:
Proposal 1: RAN2 to further elaborate the options and requirements for UL Latency measurement and reporting, its usefulness and implementation in order to find desired compromise between the benefits and required complexity. 
Proposal 2: RAN2 is asked to consider the options and open issues for the reporting of UL packet discard discussed above; how the metric is collected and what would be the optimum way of reporting. 
Observation 1: In addition to radio propagation conditions also other parameters should be taken into account when analysing the QoS performance and when trying to identify the root cause for potential QoS problems. Affecting issues are at least cell/network load and used scheduling principle (fairness).
Proposal 3: RAN2 is asked to consider the network scenarios and affecting issues when determining the need for new enhanced MDT features for QoS verification.
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