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1.	Introduction
In RAN2 #89bis meeting, Further MDT enhancements especially on packet delay and packet loss measurements were discussed [1]. The following is the resulting agreement on problems and solutions of further enhancements of MDT for E-UTRAN from this discussion:
	Agreements

1	Latency metrics for both UL and DL are desirable for GBR traffic

FFS: Required/desirable/affordable accuracy 




	Agreements

1	Packet Loss metrics for both UL and DL are desirable for GBR traffic

2	Data loss visible to the Access Stratum shall be measured.

3	Data loss measurement shall be collected by the eNB. 

4	Downlink data loss measurement can be collected without specification impact to L2 (re-use existing L2 measurements)

5	For uplink it needs to be discussed whether also packets subject to the PDCP Discard Timer expiry should be made visible.




RAN2 agreed that UL latency measurement for GBR traffic is necessary. Also, RAN2 agreed to adopt TS 36.314 [2] for DL latency measurement and packet loss measurement for both DL and UL. Apparently, there is one remaining issue of estimating the UL packet delay. 
In this document, we propose an efficient way of calculating UL packet delay in PDCP layer aspect.
2.	Packet Delay in the UL per QCI
The packet delay in downlink is measured by the eNB as explained in section 4.1.4.1 in TS 36.314 [2]. However in current specification, there is no L2 measurement on the UL packet delay. In order to calculate accurate UL packet delay in PDCP layer aspect, eNB needs to know when a packet is arrived at the PDCP layer in UE transmitter side. 
As in DL packet delay measurement, the eNB needs to perform each UL delay measurement separately for packets transmitted over uplink averaged for certain time period. To cover total delay experienced in AS layer, the reference point should be PDCP upper SAP, i.e. from the time the PDCP transmitter receives a PDCP SDU from upper layers to the time the PDCP receiver delivers the PDCP SDU to upper layer.
So, there seems two possible ways to estimate the UL transmission delay of PDCP PDU:
· Alternative 1: Performing UL packet delay measurement on UE side and reporting the calculation results to eNB. 
· Alternative 2: Transmitting PDCP PDU including time information and the eNB calculates the delay of each PDCP PDU based on the time of reception and received time information
For alternative 1, the same principle of DL packet delay measurement defined in TS36.314 can be applied. That is, the delay is calculated as the time difference between “the point in time when the last piece of PDCP SDU was received by the UE according to received HARQ feedback information” and “the point in time when PDCP SDU arrives at the PDCP entity”. 
However, in the UE side, calculating the UL transmission delay of each PDCP PDU would increase significant complexity. Since RLC performs segmentation/concatenation and MAC performs multiplexing, one PDCP SDU can be included in multiple MAC PDUs and multiple PDCP SDUs can be included in one MAC PDU. As there is no one-to-one relationship between PDCP SDU and MAC PDU, calculating transmission delay of each PDCP PDU based on HARQ feedback is not an easy task for the UE.
Moreover, the alternative 1 requires further discussion on signaling format for delay measurement results because it is not decided yet whether the delay measurement is collected per UE, per QCI, or per RB.
For alternative 2, the time information is included in each PDCP PDU, which increases overhead in PDCP PDU. However, as all the calculation work is put to eNB, the processing load of UE is not much increased. In addition, the overhead can be controlled by the eNB, by e.g. configuring UE to transmit Time Stamp PDCP PDUs only at every Nth PDU. Moreover, there is no need to discuss on signalling format because the eNB knows raw information and it can modify the information into any type it wants.
Proposal 1: For UL delay measurement, the UE transmits 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, the UE transmits PDCP PDU including time information.
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