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1.	Introduction
A new SI ‘Further MDT enhancements’ is introduced in Rel-13 to support enhanced QoS verification and coverage optimization. One of major objectives in this SI is to assess MMTEL voice and video performance in terms of packet delay and packet loss rate of PDCP layer. 
In Rel-11, there was an attempt to measure delay, data loss, throughput, and data volume for IP packets as an enhancement of MDT. The outcome was captured in TS36.314.
In this document, we analyze which measurements in TS36.314 can/cannot be reused for Rel-13 MDT QoS verification, and propose a solution based on findings.

2.	Analysis of QoS related eNB measurements
In this section, we analyze the existing eNB measurements in TS36.314 that are related to QoS verification.

Packet delay measurements
In section 4.1.4.1 of TS36.314, the packet delay in DL is measured by the eNB. 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”. 
Since the packet reception time is measured as HARQ feedback reception time by the eNB, the delay time measured by the eNB is not accurate in that:
· the point in time when the UE receives a HARQ data and when the eNB receives the HARQ feedback are different;
· HARQ reordering time, RLC processing time, and PDCP processing time are not considered.
Therefore, we think the existing “DL packet delay measurement” is not suitable for measuring delay and loss rate of PDCP layer
For UL, there is no measurement defined in TS36.314. Since the eNB does not know when a PDCP SDU arrives at the UE PDCP entity, it was not possible to define any eNB measurement mechanism in Rel-11.
Proposal1: New packet delay measurement mechanisms should be defined for Rel-13 MDT QoS verification.

Packet loss rate measurements
The data loss measurement is specified in section 4.1.5.2 and 4.1.5.3 of TS36.314, where “DL packet Uu loss rate” and “UL packet Uu loss rate” are defined. In these measurements, the number of lost packets is counted based on the PDCP SN.
For Rel-13 MDT QoS verification, we think the existing mechanisms can still be applied for measuring packet loss rate. Though the size of packets may vary packet by packet, counting the number of lost packets is an important measure considering that any single byte error causes corruption of whole packet.
Proposal2: Existing packet loss rate measurement mechanisms can be reused for Rel-13 MDT QoS verification.

3.	Packet delay measurement in PDCP layer
As explained in section 2, we think a new mechanism should be introduced to measure packet delay in PDCP layer. 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 layers.
Proposal3: For packet delay measurement, the reference point should be PDCP upper SAP.
The difficulty in realizing Proposa3 is that the PDCP transmitter does not know when the PDCP SDU is delivered to upper layer in the PDCP receiver, and the PDCP receiver does not know when the PDCP SDU is received by the PDCP transmitter. It means that a signaling is needed between PDCP transmitter and PDCP receiver in order to measure the delay in PDCP upper SAP.
An intuitive solution would be that the PDCP transmitter marks a Time Stamp on a PDCP SDU and transmits it to the PDCP receiver. Then, the PDCP receiver calculates the total delay as the time difference between the time when it delivers the PDCP SDU to the upper layer and the time indicated by the Time Stamp.
Though this solution gives very accurate results, it requires UE involvement contrary to eNB measurements. Thus, it should be discussed first whether UE involvement is acceptable for Rel-13 MDT QoS verification.
Proposal4: Discuss whether UE involvement is acceptable for Rel-13 MDT QoS verification.

4.	Proposal
This document summarizes initial thought for Rel-13 MDT QoS verification, and propose followings:
Proposal1: New packet delay measurement mechanisms should be defined for Rel-13 MDT QoS verification.
Proposal2: Existing packet loss rate measurement mechanisms can be reused for Rel-13 MDT QoS verification.
Proposal3: For packet delay measurement, the reference point should be PDCP upper SAP.
Proposal4: Discuss whether UE involvement is acceptable for Rel-13 MDT QoS verification.


Annex: QoS related L2 measurements in TS36.314

[bookmark: _Toc344074356]4.1.4	Packet Delay
[bookmark: _Toc344074357]4.1.4.1	Packet Delay in the DL per QCI
	Definition
	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.
Detailed Definition:

,where
explanations can be found in the table 4.1.4.1-1 below.



Table 4.1.4.1-1
	

	
Packet Delay in the DL per QCI, averaged during time period . Unit: Integer ms.

	

	
The point in time when PDCP SDU  arrives. 

	

	The point in time when the last piece of PDCP SDU i was received by the UE according to received HARQ feedback information. 

	

	
A PDCP SDU that arrives at the PDCP upper SAP during time period . PDCP SDU for which HARQ acknowledgement is not received for all parts shall not be included in the calculation. 

	

	
Total number of PDCP SDUs  .

	

	Time Period during which the measurement is performed



[bookmark: _Toc344074358]4.1.5	Data Loss
[bookmark: _Toc344074359]4.1.5.1	Packet Discard Rate in the DL per QCI
	Definition
	Packet Discard Rate in the DL per QCI. This measurement refers to discard for DRBs. One packet corresponds to one PDCP SDU. The reference point is PDCP upper SAP. The measurement is done separately per QCI.
Detailed Definition:

 ,where
explanations can be found in the table 4.1.5.1-1 below.



Table 4.1.5.1-1
	

	
Packet Discard Rate in the DL per QCI, averaged during time period . Unit: number of discarded packets per received packets * 106, Integer. 

	

	

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.

	

	

Number of DL packets of bearer with QCI =  that has entered PDCP upper SAP during time period  (NOTE).

	

	Time Period during which the measurement is performed, Unit: minutes (NOTE).


[bookmark: _Toc344074360]
4.1.5.2	Packet Uu Loss Rate in the DL per QCI
	Definition
	Packet Uu Loss Rate in the DL per QCI. This measurement refers to packet loss for DRBs. One packet corresponds to one PDCP SDU. The measurement is done separately per QCI.  
Detailed Definition:

, where
explanations can be found in the table 4.1.5.2-1 below.



Table 4.1.5.2-1
	

	Packet Uu Loss Rate in the DL per QCI. Unit: number of lost packets per transmitted packets * 106, Integer. 

	

	

Number of DL packets, of a data radio bearer with QCI = , for which at least a part has been transmitted over the air but not positively acknowledged, and it was decided during time period  that no more transmission attempts will be done. If transmission of a packet might continue in another cell, it shall not be included in this count.

	

	

Number of DL packets, of a data radio bearer with QCI = , which has been transmitted over the air and positively acknowledged during time period . 

	

	Time Period during which the measurement is performed, Unit: minutes (NOTE).



[bookmark: _Toc344074361]4.1.5.3	Packet Loss Rate in the UL per QCI
	Definition
	Packet Loss Rate in the UL per QCI. This measurement refers to packet loss for DRBs. One packet corresponds to one PDCP SDU. Reference point is the PDCP upper SAP. The measurement is done separately per QCI.
Detailed Definition:

, where
explanations can be found in the table 4.1.5.3-1 below.



Table 4.1.5.3-1
	

	Packet Loss Rate in the UL per QCI. Unit: number of lost packets per transmitted packets * 106, Integer. 

	

	

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 . If transmission of a packet might continue in another cell, it shall not be included in this count.

	

	

Total number of UL PDCP sequence numbers (also including missing sequence numbers) of a bearer with QCI = , starting from the sequence number  of the first packet delivered by PDCP upper SAP to higher layers until the sequence number of the last packet during time period .  

	

	Time Period during which the measurement is performed, Unit: minutes (NOTE).
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