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1.	Introduction
In RAN2 #90 meeting, Further MDT enhancements especially on UL packet delay measurement was discussed [1]. A major issue on UL packet delay measurement was how to calculate UL packet delay in PDCP layer aspect. The issue was discussed a lot in the last meeting, but RAN2 could not converge on a specific solution, and further discussion is needed. 
In this document, we propose an efficient and accurate way of calculating UL packet delay in PDCP layer aspect.
2.	Discussion
In RAN2 #90 meeting, following options to calculate UL packet delay measurements were discussed [1].
· Option 1. UE calculates the delay considering the time when the UE receives the first UL grant for PDCP SDU i and the time when PDCP SDU i arrives at PDCP upper SAP [2].
· Option 2. UE transmits PDCP PDU including time information [3].

One of the major goals of UL packet delay measurement in MDT is to measure the end-to-end delay in PDCP layer. The SID clearly captures in its objective including [4]:
· Study necessary MDT measurements and procedures capabilities for assessing the performance of MMTEL voice and video, e.g. delay, packet loss rate of PDCP layer’. 
The objective point out that overall performance should be assessed in AS layer from PDCP in transmitter to PDCP in receiver side. To cover UL packet delay experienced in AS layer, the time duration between “the point in time that a PDCP SDU arrives at PDCP upper SAP” in transmitter side and “the point in time that the last part of PDCP SDU is delivered to PDCP upper SAP” in receiver side should be considered. 
The UL packet delay in AS layer can be decomposed into three delays, i.e. queuing delay, transmission delay and re-assembly delay. Figure 1 shows the decomposition of UL packet delay.
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Figure 1. Decomposition of UL packet delay
Each component of UL packet delay can be calculated as follows:
· queuing delay, i.e. delay in the UE transmitter side
· The time duration between the point in time that “a PDCP SDU arrives at PDCP upper SAP (TP_PDCP_Tx)” and the point in time that “the first part of the PDCP SDU is delivered to MAC (TP_MAC_Tx)” in the UE side
· transmission delay, i.e. delay in radio interface
· The time duration between the point in time that “the first part of the PDCP SDU is delivered to MAC (TP_MAC_Tx)” in the UE side and the point in time that “the last part of the PDCP SDU arrives at MAC (TP_MAC_Rx)” in the eNB side. This delay includes the retransmission delay.
· re-assembly delay, i.e. delay in the eNB receiver side
· The summation of the time duration between the point in time that “the last part of PDCP SDU arrives at MAC in eNB side (TP_MAC_Rx) ” and the point in time that “the last part of PDCP SDU was delivered to PDCP upper SAP (TP_PDCP_Rx)” in the eNB side. This delay includes the re-ordering delay.
The problem with Option 1 is that the Option 1 considers only the queuing delay, and it may not provide sufficient information in the UL packet delay measurement. Without knowing the transmission delay and the re-assembly delay, it is difficult to assess the UL packet delay in AS layer, and measuring only queuing delay is not so attractive.
The Option 2 provides an accurate way to calculate the UL packet delay of PDCP SDUs in AS layer. By transmitting PDCP PDU including the time information, and calculating the delay of each PDCP PDU based on the time of reception and received time information in the eNB side, eNB can know the UL packet delay in AS layer from the PDCP upper SAP in the UE transmitter to the PDCP upper SAP in the eNB receiver. 
One may think that including the time information for UL packet delay in each PDCP PDU, i.e. Time Stamp PDCP PDU, may increase overhead in PDCP PDU. However, the overhead problem can be overcome by reducing the number of transmitting Time Stamp PDCP PDUs infrequently, for example:
· Transmit the Time Stamp PDCP PDU periodically; or
· Transmit the Time Stamp PDCP PDU when the queuing delay in UE transmitter side is above a configured threshold
Moreover, we think that the size of Time Stamp is 1 byte. Then, the infrequent transmission of additional 1 byte does not increase overhead very much.
From the above reasons, we propose to adopt Option 2 for performing UL packet delay measurement.
Proposal 1: For UL packet delay measurement, it is proposed for UE to transmit PDCP PDU including time information.
3.	Proposal
To support the UL packet delay measurement in PDCP layer aspect for feMDT in Rel-13, we propose following solutions:
Proposal 1: For UL delay measurement, it is proposed for UE to transmit PDCP PDU including time information.
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