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Introduction
The following agreement was made in the last RAN2 meeting (#75bis) with respect to QoS Verification.
 (
Agreements
1
Existing standardized L2 measurements shall be considered as the baseline for 
QoS
 verification, when assessing the need for potential enhancements to complete/improve the 
QoS
 verification. For MDT the applicable measurements would be made UE-specific or even RAB specific. 
2
When evaluating a measurement for its applicability to 
QoS
 verification, all factors which can impact the usefulness of the measurement should be considered; what kind of inaccuracy the various factors will cause and what other parameters and measurements should be considered at the same time.
)











In view of agreement (1), we propose to analyze the applicability of currently defined L2 measurements [1] for MDT QoS verification. In this paper, we discuss how existing L2 measurements may be used of QoS verification, and where, if any, there may be a need for additional UE measurements. 
Discussion
We consider the following L2 measurements, defined in TS 36.314 [1], that are useful to monitor the user-perceived QoS for MDT reporting.

Scheduled IP throughput: The objective of this measurement is to measure IP/PDCP throughput for OAM performance observation. This measurement is per UE per QCI.
Packet Delay: The objective of this measurement is to measure L2 Packet Delay for OAM performance observation. This measurement is per QCI.
Packet Loss Rate: The objective of this measurement is to measure packets that are lost at Uu transmission, for OAM performance observability. This measurement is per QCI.
Packet Discard Rate: The objective of this measurement is to measure packets that are dropped due to congestion, traffic management etc, for OAM performance observability. This measurement is per QCI.

Measurement Definitions
DL/UL IP throughput measurements
For measuring throughput, the following L2 measurements are applicable from TS 36.314[1]:
1. Scheduled IP Throughput in UL. eNB estimate of the throughput of PDCP SDU bits in uplink for packet sizes or data bursts (where a UL data burst is the collective data received while the eNB estimate of the UE buffer size is continuously above zero) that are large enough to require transmissions to be split across several TTIs, by excluding transmission of the last piece of data. Only data transmission time is considered, i.e. when data transmission over Uu has begun but not yet finished. Each measurement is a real value representing the throughput in kbits/s. The measurement is performed per QCI per UE. For successful reception, the reference point is MAC upper SAP.

2. Scheduled IP Throughput in DL. Throughput of PDCP SDU bits in downlink for packet sizes or data bursts that are large enough to require transmissions to be split across several TTIs, by excluding transmission of the last piece of data in a data burst. Only data transmission time is considered, i.e. when data transmission over Uu has begun but not yet finished. Each measurement is a real value representing the throughput in kbits/s. The measurement is performed per QCI per UE. For successful reception, the reference point is MAC upper SAP. 

The key requirement for MDT QoS verification reporting is to provide UE specific measurements to monitor end user perceived performance. Scheduled IP throughput measurement is available per QCI and per UE, and thus seems to be sufficient to be a candidate for MDT reporting without any changes.

Proposal 1: eNB based L2 measurements are sufficient for per QCI IP throughput measurements for QoS verification.
DL/UL Packet Delay measurements
For DL packet delay, the following L2 measurement is available in 36.314[1].
1. Packet Delay in the DL per QCI. This measurement refers to packet delay for DRBs. For arrival of packets the reference point is PDCP upper SAP. For successful reception the reference point is MAC lower SAP. The measurement is done separately per QCI.

This measurement could be applicable for MDT, if it’s possible to extend it to be calculated per UE. Since the measurement is performed at PDCP SAP, the DL Packet Delay could be easily calculated at the per UE granularity at the eNB. 

Proposal 2: eNB based DL Packet Delay measurements can be used to derive DL packet delay measurements for QoS verification.

A similar statistic may be considered for the uplink, which is currently not available. The operators may need to measure the delay for the uplink traffic as this would affect the overall latency and response time perceived by the user applications. Also, the operator is required to adhere to specified latency requirements per QCI, and one of the objectives of the drive tests is to ensure that the cell deployment can support these objectives across all locations in the cell. The uplink packet delay could be defined as below:

1. Packet Delay in the UL. This measurement refers to packet delay for DRBs. For arrival of packets the reference point is PDCP upper SAP. For successful reception the reference point is MAC lower SAP. The measurement is done separately per QCI per UE.

The next question would be to determine the feasibility of performing this measurement in the network and if UE involvement is required. One possible way to perform this measurement at the network could be by monitoring the Buffer Status Reports (BSR). However, there are some issues in using this option to measure delay of radio bearers of all configured QCIs. For example, the BSR for lower priority data might be masked if higher priority data is already present in the buffer. Another factor could be if a higher priority data becomes available in the UE at a certain TTI, existing grant may be used to send this data prioritized over the lower priority data for which the grant was originally intended. Finally, buffer status reporting is currently restricted to up to four logical channel groups, so it may not be possible to cover all the QCI classes configured in the UE.

Due to these considerations, the network may not always be able to use BSR mechanism to obtain an accurate measure of user-perceived UL delay per QCI. More accurate measurement could be performed at the UE; however, this would entail additional functionality at the UE. The additional functionality needs to be discussed in light of the accuracy requirements for MDT. 

Proposal 3: Discuss if UL packet delay is a valuable metric to be considered for MDT QoS verification and whether additional UE involvement is necessary to obtain this measurement. 

UL Packet Loss Measurement 


The definition of uplink packet loss measurement in [1] is a count of the number of missing UL PDCP sequence numbers, representing packets that are not delivered to higher layers, of a data radio bearer with QCI = during time period . 
Given the measurement is performed at the eNB, it is not possible to measure the amount of data that was lost in uplink, as the eNB does not know the size of the lost PDCP SDUs. However, the operator may desire to know the amount of data lost in the uplink, as it would influence the number of retransmission timeouts and delays incurred by the user application. In this case, currently defined measurement would be insufficient and UE involvement would become necessary. 
At the UE, UL Data Loss could be calculated as amount of data in PDCP that has been transmitted over the air interface but not positively acknowledged. 
Proposal 4: RAN2 to discuss whether UL Data Loss measurement needs to be extended and if UE assistance is necessary to obtain this measurement. 
DL/UL Packet Discard 
In [1], the downlink packet discard rate is used to measure the number of packets that are dropped due to congestion, traffic management etc. 
· 

Number of DL packets, for which no part has been transmitted over the air, of a data radio bearer with QCI =  , that are discarded during time period  in the PDCP, RLC or MAC layers due to reasons other than hand-over.
For MDT QoS verification reporting for MDT, the measurement would also be required per QCI per UE. Since the measurement is defined at PDCP, RLC or MAC SAP, this could be easily calculated at the per UE granularity at the eNB.
Proposal 5: eNB based DL Packet Discard measurements can be extended to derive DL packet discard measurements for QoS verification.
A similar statistic may be considered for the uplink, which is currently not available. There could be a desire for the operators to measure the amount of PDCP UL data discarded as it would directly impact the perceived glitches or delay seen at the application level. The UL User Data Discard measurement could report the amount of user data that is discarded at PDCP layer because of congestion condition over a period time of T on a given measurement object. 
However, this measurement would require additional functionality at the UE, and it should be further discussed if this is a valuable metric to be considered for MDT QoS verification reporting.
Proposal 6: Discuss if UL packet discard rate is a valuable metric to be considered for MDT QoS verification. 
Association of Measurement Result and Location Information
An important requirement of introducing QoS verification reporting in Release 11 is to obtain a location based QoS benchmarking map [2]. In this paper, we discussed L2 measurements, some of which may be performed at the eNB and some might require UE involvement. 
For measurement types which are calculated more accurately or can only be obtained by the UE, existing MDT reporting procedures allow the reporting of measurement results with the location information. The UE can make the association the measurement results to the related location information, and store it or report it to the eNB.
For eNB based measurements, based on the capabilities of the system, eNB has some options on how to obtain the location information, e.g. either by querying the UE or the LCS sub-system. Once the location information is available, the association could then be implemented in the eNB.
Proposal 7: For UE based QoS verification measurements, existing MDT procedures are sufficient to perform location association.
Proposal 8: For eNB based QoS verification measurements, the location association could be performed at the eNB. 
Conclusion
This contribution we propose following:
Proposal 1: eNB based L2 measurements are sufficient for per QCI IP throughput measurements for QoS verification.
Proposal 2: eNB based DL Packet Delay measurements can be used to derive DL packet delay measurements for QoS verification.
Proposal 3: Discuss if UL packet delay is a valuable metric to be considered for MDT QoS verification and whether additional UE involvement is necessary to obtain this measurement. 

Proposal 4: RAN2 to discuss whether UL Data Loss measurement needs to be extended and if UE assistance is necessary to obtain this measurement. 
Proposal 5: eNB based DL Packet Discard measurements can be extended to derive DL packet discard measurements for QoS verification.
Proposal 6: Discuss if UL packet discard rate is a valuable metric to be considered for MDT QoS verification. 

Proposal 7: For UE based QoS verification measurements, existing MDT procedures are sufficient to perform location association.
Proposal 8: For eNB based QoS verification measurements, the location association could be performed at the eNB. 
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