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1	Introduction
RAN#69 agreed a new work item for MDT following the closed study item. The specific objectives of the WI are based on the SI conclusions, namely:
· [bookmark: OLE_LINK28]Enhanced QoS Verification Use Case:
· 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
· Enhanced Coverage Optimization Use Case:
· Specify corresponding procedures to support the following solutions, including:
1. UEs in RRC_IDLE supporting the IDC mechanism should remove measurements from the Logged MDT report that were affected by IDC interference.
2. eNB indicates to the TCE whether measurements have been collected while eICIC was configured or eNB decides to not report those results to the TCE.
This contribution elaborates the measurements and reporting for QoS verification which shall be enhanced for MMTEL voice/video services. For UL measurements the SI concluded to add PDCP queuing delay measurement. This paper discusses the measurement configuration, measurement method and how the MDT report shall be generated and reported.
2	UL PDCP delay measurement
The agreement in the MDT SI for the delay measurement was following:
UL PDCP queuing delay measurement should be performed per QCI per UE and should reflect the packet delay observed at UE’s PDCP layer only (from packet arrival at PDCP upper SAP until the packet starts to be delivered to RLC).
According to general objectives of the MDT WI, the solution shall utilize existing principles and signalling as well as avoid excessive complexity with the specified solution.
2.1	Measurement configuration
The study item did not conclude which one of the MDT options should be applied for the delay measurement, either immediate MDT or logged MDT. Before proceeding in to detailed specification impacts, the MDT mode has to be selected.
In [2] we elaborated the two MDT options with the conclusion to prefer immediate MDT. There are at least following points favouring immediate MDT:
· UEs are in RRC connected while doing the delay measurements
· Would apply the default MDT principle of using immediate MDT in RRC connected
· No need for reference time configuration and reporting (any time information added at the eNB)
· Cell measurements can be included; would provide additional information for the analysis
· Location information can be provided on the RRC layer the same way as before; no need to enhance PDCP to collect the location (nor time) information
· eNB based QoS metrics can be reported jointly to strengthen the input for QoS assessment
Proposal 1: UL delay measurements and reporting is using immediate MDT for configuration and reporting.
The measurement configuration can be included in the RRCConnectionReconfiguration –message. In addition to configuration for MDT reporting period, including the configuration for location information reporting, the PDCP-config IE can convey relevant parameters from RRC to the PDCP layer.
The measurement reporting can be configured as periodical where the reporting periodicity can be the same as the measurement period for an individual reported delay result. There is an option to determine the length of the measurement by selecting the value for the reportAmount. It can be also infinite which means that the reporting will be active when the connection and the MMTEL call is active.
Proposal 2: The delay measurement reporting is periodical where the reporting periodicity is the measurement period.
Appropriate enhancements for the PDCP specification to support the new measurement are needed.
2.2	Delay measurement
As agreed in the SI the delay will be measured by the PDCP layer without interaction with lower layers. What will be the most interesting are the longest queuing delays that may affect the user experienced quality. The delays exceeding a given threshold would be of interest with the measurement. The delay threshold obviously should be max the length of discardTimer or less. As discussed in [2] there could be a few alternatives to implement and indicate the queuing delay:
a)  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) 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.
In order to provide sufficient information for the MDT analysis we would propose to adopt either option c) or d). The latter one could give more comprehensive information but it depends on the coding of the result into a suitable number of bits.
Proposal 3: The measurement result is converted into a ratio of packet delays exceeding a configured threshold and the total number of packets during the measurement/reporting period.
2.3	Packet discard rate
Although not explicitly defined in the WI objectives, the delay measurement could include also the cases where the packet was eventually discarded, i.e. the waiting time exceeds the configured value of discardTimer. This will be the case if Proposal 3 is accepted.
For the QoS verification it would be also interesting to know how often the packet discard happens as the impact on the MMTEL service quality can be different from the case where the delay was long but the packet was anyway successfully transmitted. The delay measurement report could include indication about the packet discard. 
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, could be a 1-bit indication in addition to delay result
2) How many packets were discarded
3) Ratio between discarded packets and the total number of packets
The first option would be simplest one whereas the other two would require appropriate coding of the numbers to minimize the overhead. If there are more severe QoS issues (multiple discarded packets) the reported delay measurement would also indicate that. Hence, the simple option 1) could still be sufficient. When aiming for least complex solution the option 1) provides a practical and feasible option.
Proposal 4: RAN2 is asked to elaborate the need to indicate packet discard in addition to delay measurement to complement the report for MDT QoS verification.
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[3]. 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[3]) can be re-used with the modification that the ratio should span up to 100% (instead of 50% of the MBSFN BLER).
Proposal 4: 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	RRC – PDCP interfacing
Apart from a way of measurement configuration, a UE behaviour for providing packed delay and discard is not entirely clear and requires some analysis. The metrics needs to rely on PDCP input and existing PDCP rules. RRC does not have an explicit view on outcome of related PDCP procedures (i.e. discardTimer expiry or packet discards). Thus, some reference to PDCP actions and some further RRC-PDCP interaction on how to handle the PDCP input to pass it as MDT report along RRC signalling is needed.
RRC controls PDCP by means of PDCPConfig. As such it does not however provide sufficient access to required PDCP information. In addition to PDCPConfig there is an interface between PDCP and RRC by the StatusReport which is triggered upon two events:
· re-establishment of the PDCP entity, and
· PDCP data recovery. 
Further, a PDCP Status Report conveyed by PDCP Control PDU indicates which PDCP SDUs are missing, 
This existing interaction between PDCP and RRC and actually an exchange on PDCP information could be used as basis in building the concept for new PDCP metrics reporting. 
In order to settle a general direction for PDCP measurement result delivery for MDT purposes it would be good to identify the main options and to come up with a common understanding regarding these, by addressing at least:
· Where to specify the PDCP actions upon receiving MDT configuration for PDCD metrics? 
Most likely it would be preferable if PDCP related operation and metrics performance as much as possible would remain in PDCP
· How to apply existing PDCP procedures to MDT? 
E.g. RRC specifies that the UE shall perform UL delay and packet discard, and subsequently the UE processes some of the available information associated with a PDCP entity in accordance with the received pdcp-Config  (e.g. discardTimer) or procedures (e.g. PDCP SDU packet discard) and make use of them for MDT purposes 
· Would it be feasible to deliver fractional input information to RRC and process them to generate RRC IE (new field(s)) to be reported onwards
· If PDCP StatusReport is reused, should be its applicability define wider?
Regardless of different alternatives to consider, the preference should be to keep the interaction limited and conforming to current principles.With this in mind we propose:
Proposal 5: Discuss a model for the PDCP-RRC interaction required for measurement configuration and QoS metrics delivery.
4	Conclusions
This contribution elaborates UL PDCP delay measurement method, configuration and how the MDT report shall be generated and reported.
Proposal 1: UL delay measurements and reporting is using immediate MDT for configuration and reporting.
Proposal 2: The delay measurement reporting is periodical where the reporting periodicity is the measurement period.
Proposal 3: The measurement result is converted into a ratio of packet delays exceeding a configured threshold and the total number of packets during the measurement/reporting period.
Proposal 4: RAN2 is asked to elaborate the need to indicate packet discard in addition to delay measurement to complement the report for MDT QoS verification.
Proposal 5: Discuss a model for the PDCP-RRC interaction required for measurement configuration and QoS metrics delivery.
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