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1. Introduction
According to the WID of feMDT [1], the following objectives for enhanced QoS verification are listed:
· Specify MDT measurements and procedures to support better understanding of the QoS and its limiting factors for MMTEL voice and video traffic, including:  

1. UL PDCP queuing delay measurement 

2. Data loss measurement for UL and DL (except for UL dropping of PDCP SDUs) 

3. Traffic drop metric collection

In this contribution, how to collect and report these measurements are discussed.
2. Discussion
2.1. UE measurements
1)UL PDCP queuing delay measurement
For the UL PDCP queuing delay measurement, possible collection and report methods can be:
Alt1: UEs collect and report the average delay in every period

Alt2: UEs only report the delay spike
Alt1 can provide more information to the network. The network can further process based on the received statistics. For example, the network can not only get the UL delay spike, but also achieve the delay jitter. In addition, alt1 is consistent with the statistical way for DL PDCP packet delay in eNB.
With alt2 the overhead of Uu interface can be saved. However, the network can not have the whole picture of UL PDCP queuing delay.
If the overhead of Uu interface is acceptable, it is better to capture alt1 as a baseline to align with DL packet delay in eNB. Alt2 can be considered if further optimization for overhead is needed.
Proposal 1: For UL PDCP queuing delay measurement, UEs collect and report the average delay as a baseline.
2) UL packet discard measurement
For UL packet discard measurement, the following agreements were made during SI [2]:

For uplink the UE logs number of PDCP SDUs that are discarded and reports statistics thereof to the eNB. The UE distinguishes in the log the number of dropped PDCP SDUs for which it had assigned PDCP SNs and had not assigned a SN. (This enables the eNB to distinguish UL losses from UL drops.) How and when the UE reports will be discussed in the work item phase.
The potential statistical methods for the measurement are:
Alt1: UEs report the number to the network

Alt2: UEs report the rate to the network
For alt1, UEs directly report the number of corresponding packets to the network. For example: UEs collect the total number of discard UL PDCP SDUs for a bearer during period i (N1(i)), and the number of discard UL PDCP SDU for which it had assigned PDCP SN for a bearer during period i (N2(i)). At the same time, the eNB collects the number of packet loss for the bearer during period i (N3(i)), and the total number of UL PDCP SN for the bearer during period i (N4(i)). With the results reported by UEs, the eNB or the network can further get the UL packet loss rate and UL packet discarded rate with the following definitions:
UL packet loss rate (i) = Data_loss(i) / Data_sent(i),

UL packet discarded rate (i) = Data_discarded(i) / Data_received(i), where,
Data_loss(i) = N3(i) - N2(i);

Data_sent(i) = N4(i) - N2(i);

Data_discarded(i) = N1(i);

Data_received(i) = N4(i)+ N1(i)- N2(i);
For alt2, UEs collect and report the rates to the network, including UL discarded packet rate and the rate that UL packets with (or without) SN allocation are discarded. At the same period, the eNB collect the UL packet loss rate based on the existing measurements. Then based on the statistics from UE and the UL packet loss rate collected by eNB, the network can derive the UL packet loss rate which excludes packets that had been assigned SNs but not transmitted via Uu.
Alt1 provides the original statistical data to the network. The network can obtain accurate rates with post- processed. However, alt1 needs more bits for report. For alt2, results would be less accurate as rates collected by UEs would be reported via a mapping instead of the original statistical rates. But it is acceptable for the accuracy of alt 2 with a fine report mapping.

Proposal 2: For UL packet discarded measurement, UEs collect rates and report to the network.
Proposal 2a: The rates include the overall UL discarded packet rate and the rate that UL packets with SN allocation are discarded.
2.2. Configuration and Reporting
1) Signalling or management based MDT

For signalling based MDT, a specific UE is selected for initiating MDT. And for management based MDT, a region is selected for initiating MDT. Same as QoS verification in R11, both signalling based MDT and management based MDT are supported for enhanced QoS verification.
Proposal 3: Both signalling based MDT and management based MDT are supported for enhanced QoS verification.
2) Logged or Immediate MDT
How UEs report statistics discussed in section 2.1? There are two options:

Option 1: Logged MDT in RRC connected state

Option 2: Immediate MDT
Logged MDT in RRC connected state has already been supported since R12. With option 1, possible modifications for introductions of UL latency and UL packet discard may include:
· The LoggedMeasurementConfiguration message would be extended to include new statistics for UL latency and UL packet discard for a certain QCI.
· The existing measurement reporting mechanism of Logged MDT can be reused. The UEInformationResponse message would be extended with corresponding statistics for UL latency and UL packet discard.
With option 2, possible modifications include:
· Modification of measurement objects. The existing measurement objects for LTE are frequencies. Even for some certain measurements, measurement objects are also tied to cells on certain frequencies. For example, for UE Rx-Tx time difference measurement only the PCell is concerned. However, the measurement object would be a certain QCI if per UE per QCI UL latency and packet discard are introduced. How to define measurement objects for enhanced QoS verification with the existing RRM mechanism needs further be discussed.
· Modification of reporting configurations. If periodical measurement is used for enhanced QoS verification, corresponding extensions to the purpose of periodical measurement are needed. If event measurements are introduced for UL latency and/or packet discard, new events need to be defined. The period of collecting statistics also need to be introduced for the new events. And the mechanism of time to trigger needs to be skipped.
· Whether the details of the existing RRM measurement need to be reused or enhanced needs be checked case by case. For example, the existing L3 filter mechanism for RRM measurement is not applicable for measurements of enhanced QoS verification. The S-measure is also not applicable.
MDT reporting is not time critical. Considering the time frame of the work item, it is proposed to choose Logged MDT in RRC connected for reporting of enhanced QoS verification measurements.
Proposal 4: Logged MDT in RRC connected state is supported for enhanced QoS verification.
2.3. UE capability
Three UE radio capability parameters have been introduced for MDT, including loggedMeasurementsIdle, standaloneGNSS-Location, and loggedMBSFNMeasurements-r12 [3]. Objectives of the work item include enhanced QoS verification use case and enhanced coverage optimization use case [2]. The requirements of enhanced QoS verification are different with that of enhanced coverage optimization. It is better to introduce a new separate bit in UE radio capability for enhanced QoS verification measurement.
Proposal 5: A new bit in UE radio capability is introduced for enhanced QoS verification measurement. 
3. Conclusion
In section 2, we analyze configurations and report for enhanced QoS verification measurement, and have the following proposals:

Proposal 1: For UL PDCP queuing delay measurement, UEs collect and report the average delay as a baseline.
Proposal 2: For UL packet discarded measurement, UEs collect rates and report to the network.
Proposal 2a: The rates include the overall UL discarded packet rate and the rate that UL packets with SN allocation are discarded.
Proposal 3: Both signalling based MDT and management based MDT are supported for enhanced QoS verification.
Proposal 4: Logged MDT in RRC connected state is supported for enhanced QoS verification.

Proposal 5: A new bit in UE radio capability is introduced for enhanced QoS verification measurement.
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