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1 Introduction

As part of the FeMDT study item [1], one of the key objectives is the study of the enhancements needed to support the QoS of MMTEL and video traffic. RAN2 studied problems and solutions over the last two meetings, and concluded with the following agreement [2].
	Agreements
1
Latency metrics for both UL and DL are desirable for GBR traffic

FFS: Required/desirable/affordable accuracy 




However, RAN2 couldn’t decide on the direction of solution for UL latency measurements. In this contribution, we propose the post processing procedure for UL latency measurements as one of the possible solutions.

2 Discussion
2.1 Necessity of overall latency information

At the last meeting, RAN2 discussed two possible UL latency measurement solutions [3]. One of them requires that the UE attaches time information in some or all PDCP PDUs before they are transmitted to the serving cell [4], and the other solution requires that the UE records and reports the queueing delay measurement which is the time duration between the point in time when a PDCP SDU arrives at the PDCP upper SAP and the point of time when the first part of this PDCP SDU enters MAC [5]. In comparison, the former solution is more accurate since the HARQ delay is reflected in the time stamp. Also, time-stamping is already an existing MDT UE behaviour; therefore, UE complexity can be minimized. However, the overhead is increased which has a negative effect on link budget. In contrast, the latter solution doesn’t have the link budget concern but it has less accuracy since the HARQ delay is not captured in the measurement. Unfortunately, RAN2 couldn’t conclude on the direction of solution for UL latency measurements at the last meeting since there were still some disagreements on the main purpose of measuring UL latency.

RAN2 should keep in mind that the main purpose of MDT is to reduce the manual drive testing. In particular, MDT provides the ability for the NW to gather information such as radio measurements and QoS measurements with location information that may assist the operator in optimizing its network. Therefore, one of the main objectives for RAN2 is to determine the goal of network optimization. In our understanding, the goal for network optimization should be to keep jitter as well as the averaged latency within the appropriate limits since GBR type traffic is especially sensitive to delay related jitter. Therefore, RAN2 should decide if the NW needs to know if jitter is an issue or if only problems related to queueing delay is sufficient. This may affect how RAN2 considers what measurement is needed, UL delay or just queueing delay. RAN2 should keep in mind that if the root cause of the problem is not due to scheduling then the queueing delay measurement alone would not be sufficient. If jitter needs to be evaluated then one of two options should be considered:
Option 1:
UE measures queueing delay, while the NW evaluates HARQ delay based on BLER.

Option 2:
The UE and/or the NW measure overall UL latency including both the queueing delay and HARQ delay.

Proposal 1:
RAN2 should decide if the NW needs to know if jitter is an issue or if queueing delay measurement is sufficient.
2.2 Necessity of real-time processing

Another point to consider is whether real-time processing is really needed. If RAN2 decides that only the queueing delay measurement is sufficient, then real-time processing is not necessary since the root cause of the problem may be due to scheduling. That means queueing delay cannot be improved until the scheduling algorithm is modified. Assuming operators don’t update the scheduling algorithm so frequently, we believe there is no benefit to the NW in obtaining the queueing delay measurements in real time. If so, post processing is preferable since it has less signalling overhead and both UE and NW complexity may be reduced compared to real-time processing. With real-time processing such as Immediate MDT, the NW may need to piece together many fragments of reported measurements in order to evaluate the extent of the problem. From this perspective, real-time processing is not necessary even if RAN2 decides that jitter is not an issue. 
Observation 1:
Signalling overhead and complexities at both the NW and the UE may be reduced with post processing even if the evaluation of jitter is not needed.
Depending on the decision in Proposal 1, further analysis will be needed to detect the root cause of the problem. Then RAN2 should study aforementioned two options with following procedures:
Option 1-1:
UE logs the queueing delay measurements with time stamp and other assistance information and report it later.

Option 2-1:
The UE and/or the NW log time stamps associated with each PDCP SDU and report it later. The UE may also log other assistance information.
An example of how Option 2-1 may be realized is shown below in Fig 1. In this example, both the UE and the eNB record time stamps with PDCP SN to the log report. The UE will record the start of the time stamp while the eNB will record the end of the time stamp associated with each PDCP SN. The actual PDCP SDUs do not need to be logged. We assume either the eNB or the TCE may calculate the UL latency based on the logs from both the UE and the eNB.  With Option 1-1, only the UE would log measurements associated with the queueing delay with time stamps.  However, as explained earlier, if HARQ delay information is also needed based on the decision in Proposal 1, then further logging at the eNB side may be needed. 
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Fig 1: Example of post processing procedure of UL latency measurement
In our view, both options 1 and 2 in section 2.1 have pros and cons. For example, NW complexity is increased if option 1 is applied since NW has to combine the measurement results tracked by different entities for acquiring jitter information. On the other hand, option 2 may increase eNB’s complexity if the eNB is also involved in the UL latency measurements. In any case, further study is needed for both options and details should be defined in the WI phase.
Proposal 2:
RAN2 should agree that real-time processing is not necessary for UL latency measurement and the post processing procedure should be captured in the TR during the SI phase as one of the possible solutions for UL latency measurement.
3 Conclusion

In this contribution, we discussed the post processing procedure of UL latency measurements as one of the potential solutions. We have the following observation and proposals.
Proposal 1:
RAN2 should decide if the NW needs to know if jitter is an issue or if queueing delay measurement is sufficient.
Observation 1:
Signalling overhead and complexities at both the NW and the UE may be reduced with post-processing even if the evaluation of jitter is not needed.
Proposal 2:
RAN2 should agree that real-time processing is not necessary for UL latency measurement and the post processing procedure should be captured in the TR during the SI phase as one of the possible solutions for UL latency measurement.
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