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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Uplink delay measurement was discussed at last meeting but without agreement. The discussion so far focuses on the trade-off between complexity and accuracy of different approaches. This contribution shall consider  further the function objectives related to real driving test and different operating requirements. This contribution also provides alternative ways to achieve these goals based on the approaches on the table.
Discussion 
There are two general goals when designing MDT measurement for GBR traffics
For one aspect, MDT measurements should be as accurate as real driving test. The performance metrics of real driving test should be considered for MDT measurements. These metrics have already been standardized in the corresponding group. For example, performance requirement for conversational real-time is defined in annex B.2.1 of [1]. Taking Real time conversation for example, the fundamental characteristics for associated QoS are jitter and low transmission delay. Jitter stands for the timing relation (variation) between information entities of the stream.  Transmission delay is the unbound timing limit for one way transmission. In order to achieve as accurate measurements as real driving test, both jitter and delay should be considered with the new MDT measurements for GBR traffics.
Observation 1: MDT measurement for GBR traffics should consider both jitter and delay.
For another aspect, in order to get the root cause of degraded performances, MDT measurements should also be able to differentiate different parts of delay and jitter. For example, one-way uplink data transmission can further be split into three parts. The first part is the queuing and processing time inside UE, and the second part is the HARQ (re)transmission over the air, and the third part is the processing time inside the network (e.g. eNB). As the end to end delay consists of three parts, the root cause for delay can only be achieved by statistics analysis of each delay part.
Observation 2: MDT measurement for GBR traffics should be able to identify the root cause of degraded transmission performance.
Several approaches for Uplink delay measurement have been discussed during last meeting. One approach type is adding time stamp in PDCP when SDU arrives at PDCP layer in UE then eNB calculates the one-way delay based on the time stamp info. This approach can get the most accurate jitter statistics per packet basis and can also get the most accurate one way delay of AS layer. However, this approach is not able to identify the root cause of delay. For example, delay due to queuing or HARQ process is not distinguishable. In addition, such approach introduces transmission overhead. 
In order to identify the root cause of delay with timestamps, double timestamps may be needed with this approach. For example, the first timestamp is set once the PDCP SDU arrives at UE PDCP layer, and then the second timestamp is set at the time when the first part of the PDCP SDU is processed by UE MAC layer. Based on above double timestamps, eNB is able to distinguish the jitter and delay introduced by queue or HARQ process.
Proposal 1: To consider the double timestamps as one improved solution for measuring uplink delay.
Another approach type is to record the delay spikes in UE. This approach is easy to be implemented for UE and introduces limited transmission overhead. Based on UE’s measurements, the main statistics of jitter and delay contributing part can be identified. However, the statistics are not accurate enough as the HARQ (re)transmission delay is excluded in the measurements.
Keep in mind that the main objectives of MDT measurements are to achieve accurate performance statistics and to identify the root cause of delay.  From this viewpoint, traffic transmission overhead introduced by timestamp info is affordable. However, operators may have different requirements during the development of their networks. For example, in the initial phase of MMTEL deployment, operator may rely on simple MDT solutions to get quick shot of performance issues of MMTEL, while in the advanced phase; operator may need more accurate measurements for optimizing. Therefore, delay spike approach is also applicable as baseline solution for uplink delay measurements. Timestamp approach can be supported as more advanced approach for more accurate measurements. 
Proposal 2: Delay Spike approach can be baseline for measuring uplink delay.
Proposal 3: Timestamp approach can also be supported for more accurate measures of uplink delay.
In addition, besides double timestamps enhancement, another way for improving timestamp approach is to correlate the measurement results from delay spike approach. For example, one session of MDT measurements may include both delay spike measurements and timestamps measurements. Timestamps measurement indicates the whole one-way uplink transmission delay and jitter, while delay spike measurement indicates the jitter and delay happening in UE. The MDT measurement results of different approaches can be correlated in eNB. In this way, operator can also identify the root cause and whole performance issues of MMTEL.
Proposal 4: MDT measurement results of delay spike approach and timestamp approach can be correlated and jointly used in eNB.
Conclusion
In this contribution, we discussed several aspects relate to uplink delay measurement. Several observation and proposals have been derived. 
Observation 1: MDT measurement for GBR traffic should consider both jitter and delay time..
Observation 2: MDT measurement for GBR traffic should be able to locate root cause of degraded transmit performance.
Proposal1: To consider double time stamp as one potential solution for measure uplink delay time.
Proposal 2: Delay Spike approach is baseline to measure uplink delay time.
Proposal 3: Time stamp approach is also support for accurate measure of uplink delay time.
Proposal 4: Measurement results of delay spike approach and time stamp approach can be correlate in eNB.
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