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1.
Introduction
One of the objectives of the Rel-11 MDT is QoS verification [1]. Operators may use this information to assess the actual QoS experienced by the end user, check whether the actual QoS meets the planning target, and find critical factors determining actual QoS. Operators may also use this information together with the location information to draw a QoS map of the cell. 

Though many use cases are identified for QoS verification, it is not clear how to verify the QoS. This paper discusses on this issue. 
2.
Discussion
In the SI phase, mechanisms for UE to measure the throughput and error ratio were presented [2]. However, the eNB is also involved in the data transmission, and many informations are already available in the eNB. Then, forcing the UE to measure them all would be redundant, just wasting UE’s battery and memory. In our view, only a few informations are needed for eNB to measure QoS of DRBs. Thus, we propose that the eNB measures QoS of DRBs with some assistant informations from the UE.

Proposal 1: QoS of DRB is measured by the eNB with assistant information from the UE.
In proposal 1, it should be clarified what kind of UE assistant information is needed. 
In radio protocols, the measurement of PDCP SDU is the one close to the end user perception. Then, the throughput and error ratio can be calculated based on the number of bytes in PDCP SDU as followings.
· DL throughput = number of bytes received by the UE / time period

· DL error ratio = (number of bytes transmitted by the eNB – number of bytes received by the UE) / number of bytes transmitted by the eNB
· UL throughput = number of bytes received by the eNB / time period

· UL error ratio = (number of bytes transmitted by the UE – number of bytes received by the eNB) / number of bytes transmitted by the UE
In the above formula, what is unknown to the eNB is the number of bytes received and transmitted by the UE. It means that if the eNB anyhow gets to know these two values, the QoS verification can be done by the eNB.
For the downlink QoS, what should be known to the eNB is the number of bytes received by the UE. 
The simple way is for UE to calculate the received number of bytes in a time period, and report it when a report is triggered. But this method requires additional UE processing power and memory, and also increases signaling overhead to report the value in unit of bytes. Thus, we would like to avoid this method for downlink QoS verification.
Since the transmission is performed by the eNB, the eNB knows the length of each transmitted PDCP SDU. Then, the only thing the eNB needs to know is which PDCP SDU is received by the UE. If the UE provides the reception status information (ACK/NACK) of each PDCP SDU, the eNB can calculate the number of bytes received by the UE, and thus can calculate both DL throughput and error ratio. This method does not have any drawbacks explained in the UE calculation method, so we propose to adopt this principle for DL QoS verification.
Proposal 2: For the DL QoS verification, the UE informs to the eNB the reception status (ACK/NACK) of PDCP SDUs.

For the uplink QoS, the eNB always knows the UL throughput. What eNB does not know is UL error ratio because the eNB does not know the number of bytes transmitted by the UE.
Similar to the DL QoS, the simple way is for UE to calculate the transmitted number of bytes in a time period and report it. However, the eNB can estimate it, though not accurately, by means of BSR from the UE. The eNB can allocate a separate LCG to a DRB, and keep track of the BSR of the LCG. How many bytes from the DRB are transmitted can be calculated by simulating the LCP procedure with the information of PBR, GBR, and MBR. Though this method does not give accurate result, we think it is sufficient to verify the UL error ratio.
Proposal 3: For the UL QoS verification, no assistant information from the UE is required. The eNB can measure the UL QoS by its own method.

3.
Proposal
To minimize the UE impact in supporting QoS verification, the followings are proposed.
Proposal 1: QoS of DRB is measured by the eNB with assistant information from the UE.

Proposal 2: For the DL QoS verification, the UE informs to the eNB the reception status (ACK/NACK) of PDCP SDUs.

Proposal 3: For the UL QoS verification, no assistant information from the UE is required. The eNB can measure the UL QoS by its own method.
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