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1.
Introduction
In RAN meeting # 69, further Enhancements of Minimization of Drive Tests for E-UTRAN (feMDT) is approved as a WI [1]. In feMDT WI, two user cases are proposed, i.e., Enhanced QoS Verification and Enhanced Coverage Optimization. The main objects of Enhanced QoS Verification are as follows,
· Specify MDT measurements and procedures to support better understanding of the QoS and its limiting factors for MMTEL voice and video traffic, including:  
· UL PDCP queuing delay measurement 

· Data loss measurement for UL and DL (except for UL dropping of PDCP SDUs) 
· Traffic drop metric collection
In this document, details of Enhanced QoS Verification are discussed. 
2. Discussion
2.1 UL PDCP queuing delay
For UL PDCP queuing delay, it is agreed that only the delay observed at UE’s PDCP layer is reflected [2], i.e., from packet arrival at PDCP upper SAP until the packet starts to be delivered to RLC. The definition “PDCP queuing delay in the UL per QCI” is given as follows, 
T_ULdelay (i, qci) = t_Grant(i, qci) – t_Arrival (i, qci)
where:

· t_Grant is the time when the UE receives the first UL grant for PDCP SDU i of QCI=qci.

· t_Arrival is the time when PDCP SDU 
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of QCI=qci arrives at PDCP upper SAP.
However, if UE reports PDCP queuing delay in the UL per QCI for each PDCP SDU, it will impose too heavy Uu signaling overhead. Otherwise, if UE only reports PDCP queuing delay in the UL per QCI which exceeds a given threshold, it may be useless for TCE to make decision for enhance QoS verification. 

Therefore “Excess PDCP queuing delay rate in the UL per QCI” is much more appropriate and provides more details of the average performance of the UL. The definition is given as folows,
D_rate(Ta,qci) = M_Excess(Ta,qci) / N_total(Ta,qci)

where:

· M_Excess(Ta,qci) is the number of PDCP SDUs of QCI=qci for which T_ULdelay exceeded the configured delay threshold during the time period Ta
· N_total(Ta, qci) is the number of PDCP SDUs of QCI=qci for which at least part of SDU was transmitted during the time period Ta
· Ta is the time period in which the UE connects to cell a.
Proposal 1: To define new UL measurement performed by UE as given in [3, Tdoc 3327], i.e., “Excess PDCP queuing delay rate in the UL per QCI” , which should be captured in TS 36.314.
2.2 Packet discard/loss rate in the DL

In TS 36.314 [4], data loss measurement for UL and DL (except for UL dropping of PDCP SDUs) are done based on L2 measurements. However, the existing DL measurement performed by eNB is per QCI but not per UE. 

Proposal 2: “Packet Discard Rate in the DL per QCI per UE” and “Packet Uu Loss Rate in the DL per QCI per UE” can be directly extended from section 4.1.5.1 and 4.1.5.2 in TS 36.314. The definitions of them are given in [3,Tdoc 3327] and should be captured in TS 36.314. 
2.3 Packet discard/loss rate in the UL
Similar as DL, the packet discard and packet loss in the UL are caused by different reasons, and should be treated differentiated.
· Packet discard in the UL (wi/wo PDCP SN assigned)

Generally, packet discards is caused by limited PDCP buffer in the transmitter, or scheduling delay in eNB. For the former case, the packet has not been assigned a PDCP SN yet. For the latter case, the packet has been assigned a PDCP SN. No matter which case it is, the packet will be discarded due to discardTimer expiry.  
· Packet loss in the UL (with PDCP SN assigned)

Packet loss in the UL is mainly caused by unsatisfied wireless radio condition, e.g., strong interference, or deep channel fading. Obviously, these packets have already been assigned PDCP SNs before transmitting in the LTE Uu air interface. 
In order to reduce introducing new signaling, and to reuse the UL measurement performed by eNB as defined in TS 36.314, one suggestion in [5] is to mandate MDT UE to assign a sequence number for the discarded PDCP SDU while the network is performing the measurement. By doing so, eNB records both packet discards and packet loss in a single UL measurement, and is not able to distinguish them.
Instead, the UE should distinguish in the log the number of dropped PDCP SDUs for which it had assigned PDCP SNs and had not assigned a PDCP SN. The UE logs number of PDCP SDUs that are discarded and lost and reports statistics thereof to the eNB, in order for the eNB to distinguish packet discard and packet loss in the UL. 
Proposal 3: To define new UL measurement performed by UE as in [3, Tdoc 3327], i.e., “Packet Discard Rate in the UL per QCI” and “Packet Uu Loss Rate in the UL per QCI”, which should be captured by TS 36.314. 
2.4 Traffic drop metric collection
Regarding traffic drop metric collection, UE should include presence of a QCI 1 bearer at the time of RLF in the RLF report. The UE also indicates failure of subsequent re-establishment and NAS recovery.
Proposal 4: it is suggested RAN2 to send LS to RAN3 and SA5 about the impacts introduced by section 2.1-2.4.
2.5 How and When UE Reports

For UL measurements performed by UE, we should specify how and when UE reports. Generally, there would be basically two main methods of the reporting; event triggered or periodical reporting. 
· UL PDCP queuing delay rate
Report of PDCP queuing delay rate in the UL per QCI can be triggered if it exceeds a given threshold. Or periodic reporting could be utilized.
· Packet discard/loss rate in UL
Preport of Packet discard/loss rate in UL per QCI can be triggered if it exceeds a given threshold. Or Periodic reporting could be utilized.
The periodical reporting provides more detailed information but may lead to signalling overhead compared with event triggered reporting. A tradeoff should be considered between sigalling overhead and information insufficient. 
For the reporting format, there’re two possible options:
· 1 bit to indicate wheter the PDCP queuing delay rate or packet discard/loss rate is exceeding a given threshold or not 
· More bits to indicate the PDCP queuing delay rate or packet discard/loss rate
Proposal 5: it is proposed RAN2 to discuss the reporting mechanism and reporting format for UL measusrment performed by UE.
3. Conclusion
In this contribution, Enhanced QoS Verification for feMDT is discussed. 
Proposal 1: To define new UL measurement performed by UE as given in [3, Tdoc 3327], i.e., “Excess PDCP queuing delay rate in the UL per QCI” , which should be captured in TS 36.314.
Proposal 2: “Packet Discard Rate in the DL per QCI per UE” and “Packet Uu Loss Rate in the DL per QCI per UE” can be directly extended from section 4.1.5.1 and 4.1.5.2 in TS 36.314. The definitions of them are given in [3,Tdoc 3327] and should be captured in TS 36.314. 
Proposal 3: To define new UL measurement performed by UE as in [3, Tdoc 3327], i.e., “Packet Discard Rate in the UL per QCI” and “Packet Uu Loss Rate in the UL per QCI”, which should be captured by TS 36.314.
Proposal 4: it is suggested RAN2 to send LS to RAN3 and SA5 about the impact introduced by section 2.1-2.4.
Proposal 5: it is proposed RAN2 to discuss the reporting mechanism and reporting format for UL measusrment performed by UE.
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