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1
Introduction
RAN2#90 discussed about the UE UL delay measurement without reaching conclusion about it. In this paper we elaborate the possible requirements and options for the UL delay measurement.
2
UL delay measurement for MDT
2.1
Requirements for UL delay measurement
It has been agreed in RAN2 that it is “desirable” to measure latency metrics for both DL and UL. However, the requirement for the measurement accuracy is still FFS. The required and achievable accuracy for the measurement depends at least on following issues:
· Usage for the MDT purposes i.e. verification of the MMTEL QoS provisioning and detection of potential issues the service quality

· Complexity of the UE implementation to support the measurement

· Way of reporting the results; how to process the measurement data, how often the results are generated (number of samples), what will be the resulted overhead for the reporting – all these affecting how detailed information can/will be transferred for MDT usage

Generally, the more individual measurement samples are processed the more there will be detailed information lost. On the other hand one should assume some kind of filtering for the results will be done in order to reach acceptable level of signalling overhead; see [5] for ways to minimize the overhead while providing relevant information. Considering such processing, the importance of having (very) accurate individual samples becomes less critical. Furthermore, MDT data analysis is more a statistical by nature utilizing large amount of reports from multiple UEs before concluding any actions based on the results. Note that individual reported results from UE:s may have been affected by the usage, exact location (inside/outside a car, in users pocket/hand, etc) of the mobile terminal. Hence, a single reported failure should not trigger any corrective actions but only when the failures are correlated between multiple of UEs.

Based on this one could argue that in general there would not be need for extreme accuracies with the UL delay measurements particularly if resulting in a complex implementation at the UE.

Observation 1: Less complex solutions for UL delay measurement can be acceptable for MDT due to statistical processing of reported data.

2.2
Options for the 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 of the alternatives was to carry time information in the UL packets. To reduce the overhead due to time information, the time could be attached only to some of the UL packets. However, there would be a risk of missing indications of excessive delays with the transmission of packets without time information. It would be also good to get information not only about the average delays but also about the largest delays that have been experienced. This kind of information can be missed when including time information intermittently. Hence, the resulted burden may be useless or at least less effective for MDT QoS verification.

The advantage of the measurement with time information is the achievable accuracy per individual measurement result. The disadvantages are, however, the resulted overhead and (possible) ineffectiveness when measurement is done intermittently. The achieved good accuracy of individual samples does not necessarily result in the best/optimum collection of measurement results for MDT.

Observation 2: Despite good accuracy, the usage of time information carried in the UL packets does not necessarily result in best MDT operation to verify MMTEL QoS.

The other option is to measure the latency at the UE and report the results to the network. For this there can be alternative solutions with more or less complex implementation. 
The measurement could be done for the time between the arrival of PDCP SDU until it has been successfully transferred over the radio interface. Alternatively, the delay could be measured until a grant has been received for the packet transmission. This kind of solution would, however, require cross-layer interaction resulting in complex implementation for the UE. To avoid excessive complexity but still involving the lower layers, the measurement could be done solely on lower layers e.g. by measuring the time between the arrival of a packet for a logical channel, and/or sending a service request (SR) for that, until a grant has been given for the radio resources. The measurement would thus include delays due to possible transmissions of a buffer status report (BSR) and SR either using RACH or PUCCH. The measurement could be activated when MMTEL services are active. 
In [2] it was proposed to measure the queuing or scheduling delay of the UL packet at the UE. The measurement could be to measure the time between the arrival of the PDCP SDU and the first UL grant for the SDU. Alternatively the delay could be measured until (first part of) the SDU is sent to MAC layer. This kind of measurement would not reveal the delay due to transmission over the radio interface in the lower layers but it would be able to indicate the cases when there may be problems with the UL delays; the most interesting results are those with longest delays where some problems may have occurred and the proposed measurement would be able to provide such information. It should be also noted that eNB will be aware of the performance of the packet transmission (e.g. from the HARQ processing) when the transmission has started on the lower layers. Furthermore, the measurements for QoS verification should be complementary to those already available for UL coverage optimization.
Observation 3: Low complexity solutions for UE UL delay measurements would be able to provide sufficient information for the MDT purposes.
3
Conclusions
In this paper we have elaborated the requirements and options to measure UL latency. As conclusions we ended up with following observations: 

Observation 1: Less complex solutions for UL delay measurement can be acceptable for MDT due to statistical processing of reported data.

Observation 2: Despite good accuracy, the usage of time information carried in the UL packets does not necessarily result in best MDT operation to verify MMTEL QoS.

Observation 3: Low complex solutions for UE UL delay measurements would be able to provide sufficient information for the MDT purposes.

Based on these observations we propose:

Proposal: RAN2 is asked to consider UE based UL delay measurements among the low complexity options.
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