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1. Introduction
In the first meeting for new SI: Further Enhancements of Minimization of Drive Tests for E-UTRAN, RAN2 made an agreement:

Latency metrics for both UL and DL are desirable for GBR traffic
In Rel-11 MDT, the packet delay measurement was once introduced as one issue for QoS verification. For voice/video services in LTE, the packet delay is expected to become one important measurement. In this paper, the packet delay measurement will be discussed with basic assumptions. 
2. Discussion

The voice/video services with so delay-sensitive traffic are already become one of the important service categories in LTE. In Rel-11 MDT, the packet delay measurement was already discussed. In this paper, the packet delay measurement minimizing UE impact will be discussed. For the packet delay measurement, L2 Downlink (DL) Packet Delay is introduced in TS36.314 and we think that it can be a good baseline.
In TS36.314, DL Packet Delay is defined as the average delay of a E-RAB between the point of time when PDCP SDU i arrives at PDCP and the point of time when the last piece of the PDCP SDU i is ACKed in HARQ level. The detailed equation used to derive DL Packet Delay is as below:
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: Packet Delay in the DL per QCI, averaged during time period T. Unit: Integer ms.
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: The point in time when PDCP SDU i arrives.
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: The point in time when the last piece of PDCP SDU i was received by the UE according to received HARQ feedback information.
· i: A PDCP SDU that arrives at the PDCP upper SAP during time period T. PDCP SDU for which HARQ acknowledgement is not received for all parts shall not be included in the calculation.
· 
[image: image5.wmf])

(

T

I

: Total number of PDCP SDUs i.
· T : Time period during which the measurement is performed.
Fig 1 and 2 are explaining parameters represented in above equation. DL Packet Delay 
[image: image6.wmf])

,

(

qci

T

M

 is measured per QCI in eNB side. For each PDCP SDU arriving at eNB, the eNB checks two parameters in time, i.e. 
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. The eNB calculates the packet delay for each PDCP SDU with the equation of 
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 is derived as the average delay on I(T) PDCP SDUs measured during a measurement period T.
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Fig 1. Description on 
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Fig 2. Description on 
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We think that DL Packet Delay defined in TS36.314 can become a baseline used for the DL packet delay measurement. Furthermore, since one value on packet delay is derived per a measurement period T, it can be easily mapped to one location information to be reported by UE. One expected enhancement is to separate GBR traffics from the whole traffics.
Proposal 1: For DL packet delay measurement, L2 Packet Delay defined in TS36.101 is a baseline.

Since the voice service is the symmetric service for both DL and UL, UL packet meaurement would be also required. Actually, the packet delay for Uplink (UL) is not introduced in TS36.314. Accordingly, UL packet delay measurement needs to be discussed. In general, it is desirable to reuse the current mechanisms and to measure UL packet delay in eNB side. If we follow similar principle in the DL packet delay measurement, i.e. measuring each PDCP SDU, heavy signalling overhead would happen in the uplink. In other words, the information for the arrival time per PDCP SDU would be reported to the network. If the UL packet delay measured in eNB side is less accurate, at least, a efficient mechanism has to be designed to minimize the uplink signalling.
Proposal 2: UL packet delay measurment is measured by eNB.
We would like to introduce a solution to measure the UL packet delay in eNB side. Even for UL, the definition of the packet delay could be defined in the same way as in DL.
In other words, UL Packet Delay can be defined as the average delay of a E-RAB, estimated by eNB,  between the point of time when PDCP SDU i arrives at PDCP and the point of time when the last piece of the PDCP SDU i is ACKed in HARQ level. One difference is that uplink packet delay cannot be measured by eNB in direct manner, because the point of time when PDCP SDU i arrives at PDCP is unknown to it. However, there would be a detour that eNB estimates the uplink packet delay. For example, eNB can estimate it by checking when the BSR for a packet is received, or we can consider Scheduling Request (SR) reception as the starting point of packet delay for a PDCP SDU. In the case that data bursts reported in a BSR are transferred at the coming scheduling, if BSR reception and data reception are considered as the starting point and the end point of packet delay, respectively, UL packet delay can be estimated. On the other hand, Fig 3 shows the case of using SR. As a PDCP SDU arrives, if there is no resource for BSR (i.e. new transmission occurs), UE tries to send a SR. Then eNB considers SR reception as the starting point of packet delay for the PDCP SDU. The end point is when eNB sends ACK (in HARQ level) for the PDCP SDU.
This approach may be applicable only for the first PDCP SDU of each data burst. Therefore, this approach would not show the full picture but provides rather limited view. However, the main advantage on this approach is to avoid UE impact. 
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Fig 3. A example for UL packet delay measurement
3. Conclusion
For DL/UL packet delay measurement, we would like to propose: 
Proposal 1: For DL packet delay measurement, L2 Packet Delay defined in TS36.101 is a baseline.

Proposal 2: UL packet delay measurment is measured by eNB.
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