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1
Introduction
It has been identified that some of the relevant metrics for UL QoS verification are not directly available to the network. Such metrics are UL packet discard rate and queuing delay. RAN2#90 discussed the options but final conclusions were not done. Regardless of the defined measurement principle (particularly for the delay measurement) there should be an appropriate way to report the results to the network effectively but still providing essential information about the UL QoS behaviour. The measurement results have to be processed somehow to minimize the amount of data per report while still preserving sufficient information for the data analysis and detection of potential issues with UL QoS. In this paper we address particularly options for the data processing and the format of the reported QoS metrics.
2
QoS measurements
2.1
UL delay measurement
A number of options have been proposed how the delay measurement could be implemented with varying complexity [2]
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 \* MERGEFORMAT [4]. One option would be to carry time information in the UL packets. Resulted overhead, however, would become too large and it would require specific a time reference to be configured and used. For these reasons the timer based option is less optimal than the solutions where the UE does separately the measurement and provides the result in a MDT report. With such conclusion, this paper focuses to the cases where UE measures internally the UL packet delay and processes them to create a report to be sent to the network.
For the delay measurements for the MMTEL traffic, obviously a periodical measurement would be applicable. In such case the MDT configuration defines the period how often the measurement result(s) shall be logged or reported. With the existing MDT reporting (e.g. for coverage optimization), UE reports/logs latest available measurement results that are available at the time of logging/reporting. As the delay measurement would be a new one, the actual measurement and processing of the results during the measurement period can be tailored to MDT purposes only. During the measurement period individual measurement results can be processed in order to minimize the amount of data that will be reported to the network (minimization of overhead) while preserving essential information about the delay performance. With the delay measurement, as referred in [2], the reported metric should not be just an average over the results of the measurement period but rather indicating the cases where the delay may have caused degradation for the QoS, i.e. when the delay exceeds a given threshold. There are alternative options how to indicate such cases. UE indicates:
a) the maximum delay experienced during the measurement period

b) if any of the delay results exceed a given threshold

c) how many results exceeded a given threshold

d) the ratio between the results exceeding a given threshold vs. the number of all measurement results
The option a) would not require configuration for a delay threshold unlike the rest of the options. The data amount would be least with option b) (min only one bit indication per report) and likely largest with option d) although this is subject to coding of the number of delay events/transmitted packets.
The configuration of the delay threshold should reflect the required delay behaviour for the service i.e. should likely be optimized separately for voice and video services.

Proposal 1: RAN2 is asked to elaborate the options for the reporting of the delay measurement to find out optimum trade-off between the signalling overhead and the information provided to the network.

2.2
Packet discard rate
If UE was to report the amount of discarded UL packets it would resemble the reporting principles of option b), c) and d) of the delay measurements. Thus, relevant options would be:
1) if any packet discard happened during the measurement period

2) how many packets were discarded

3) the number of/ratio between discarded packets and all packets arriving to PDCP

Again the first option would be simplest one whereas the other two would require appropriate coding of the numbers to minimize the overhead.

For the shorter measurement periods the option 1) could be sufficient but for longer periods, and especially if there are more severe QoS issues (multiple discarded packets) the option 1) perhaps filters out too much of relevant information. However, when aiming for least complex solution the option 1) provides a practical and feasible option.

Proposal 2: RAN2 is asked to elaborate the options for the reporting of packet discard to find out optimum trade-off between the signalling overhead and the information provided to the network.

2.3
Coding of the number of detected events
In the cases c) and d) or 2) and 3) the coding of the number of detected events (either excessive delay or packet discard) should cover the amount up to the longest measurement period and highest data rates (packet frequency). On the other hand, the reporting should also be able to provide acceptable level of detailed information also with shortest measurement periods and lowest data rates. This obviously calls for some kind of progressive coding of the numbers.
An example for such coding is the way how the mapping is done for the MBSFN BLER measurement result; number of MCH blocks, see 9.8.4.2 of [1]. For the delay and discard reporting the parameter NR shall be adjusted to cope with the assumed maximum number of PDCP packets that may be transmitted during the (longest) measurement period.
The number of required bits for the reported result will depend on the desired resolution and the maximum number of PDCP packets.
For the options d) and 3) the result could be reported also as a percentage value. In this case again the coding principle of the MBSFN BLER reporting (9.8.4.1 of [1]) can be re-used with the modification that the ratio should span up to 100% (instead of 50% of the MBSFN BLER).

Proposal 3: In case the number of PDCP SDUs and/or detected events will be reported, the coding of the numbers or ratio shall re-use the coding principles of those defined for MBSFN BLER reporting.

3
Reporting options for the UL results
3.1
Logged measurements vs. immediate reporting
MDT measurements are either logged measurements (logged MDT) or the results are sent periodically according to reporting configuration (immediate MDT). Up to now connected mode measurements use immediate MDT whereas the idle mode measurements use logged MDT. The only exception is the MBSFN measurements which used measurement logging regardless on the RRC state (MBSFN reception may happen in both idle and connected states).
The Rel.13 enhancement for QoS verification is targeted for MMTEL voice and video i.e. the UE is always RRC connected while doing the measurements. Hence it would be logical to use the MDT main principle that connected mode reporting is done using immediate MDT. Immediate MDT has also the advantage of less complex configuration and procedures when and how the reporting shall be done. 
Proposal 4: Possible UL QoS measurements shall use immediate MDT for reporting.

3.2
RRC of MAC reporting

Providing a location information by the UE has been considered as an essential part of the MDT reporting. MDT measurement results are associated with a location information (either coarse or accurate) to indicate the physical location where the measurement was made. Location information is included in the RRC message. Some of the MDT data is collected from MAC signalling but the location is always carried in the RRC messages. As this would be a new measurement, it would be better to change only the RRC specification, as it need to be changed anyway for the location information, and leave MAC unchanged.
Proposal 5: Measurement reporting shall be done using RRC signalling.

Based on the assumptions above the procedure for the MDT UL latency measurement reporting could be following:

· Network configures periodical measurement reporting (for immediate MDT), to include also location information, for UEs having MMTEL services activated

· Configuration indicates the measurement for UL latency (delay/discard) including reporting periodicity and possible measurement parameters (like thresholds)
· UE start the measurement and collection of the location information

· coarse location indicated by providing cell measurement results and accurate by providing GNSS based position fixes (best effort)

· UE processes the results during the reporting period, collect the final result and the location information at the expiry of the MDT reporting period

· UE sends the MDT report using RRC signalling, e.g. 
4
Conclusions
In this paper we have elaborated the options how the UL delay measurement and UL packet discard results could be reported. As conclusions we ended up with following proposals: 
Proposal 1: RAN2 is asked to elaborate the options for the reporting of the delay measurement to find out optimum trade-off between the signalling overhead and the information provided to the network.

Proposal 2: RAN2 is asked to elaborate the options for the reporting of packet discard to find out optimum trade-off between the signalling overhead and the information provided to the network.

Proposal 3: In case the number of PDCP SDUs and/or detected events will be reported, the coding of the numbers or ratio shall re-use the coding principles of those defined for MBSFN BLER reporting.

Proposal 4: Possible UL QoS measurements shall use immediate MDT for reporting.
Proposal 5: Measurement reporting shall be done using RRC signalling.
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