3GPP TSG-RAN WG2 Meeting #91bis 
R2-154549
Malmo, Sweden, 5-9 October 2015
Agenda item:
7.8
Source: 
Qualcomm Incorporated
Title: 
UL delay measurement
Document for:

Discussion and decision
1.  

Introduction
WI on Further Enhancements of Minimization of Drive Tests for E-UTRAN [3] was approved in RAN #69 plenary. UL scheduling delay measurement is a key objective of the WI.  In the study phase, RAN2 has below agreement for UL delay measurement: 

	UL PDCP queuing delay measurement should be performed per QCI per UE and should reflect the packet delay observed at UE’s PDCP layer only (from packet arrival at PDCP upper SAP until the packet starts to be delivered to RLC)


However, RAN2 didn’t reach agreement on how to measurement and report UL scheduling delay in study phase. In this paper, we discuss and compare the potential ways of supporting UL scheduling delay measurement by UE.
2. Discussion / Proposal
The UL scheduling delay is defined as the period from packet arrival at PDCP upper SAP to the packet starts to be delivered to RLC. The UL scheduling delay can be measured and reported in following potential ways:

· Capture the UL scheduling delay of every packet 

· Capture the average UL scheduling delay

· Only capture the UL scheduling delay spikes

Option 1: Capture the UL scheduling delay of every packet
Capturing the UL scheduling delay for every packet requires UE to perform additional processing for each PDCP packet.  This poses challenges for UE memory requirement. If the report interval is long, e.g. several minutes or more, the required memory would far exceed the normal MDT. If the report interval is short, the frequent measurement reports increase the signalling load and may impact the system performance. This option should be excluded first.
Option 2: Capture the average UL scheduling delay

Average delay could be used as reference for QoE verification. However, it is not the E2E delay. SA4 defined QoE metrics based on RTCP could directly measure the user perceived delay of VoLTE/MMTel/MTSI. From VoLTE QoE verification perspective, the value of average UL scheduling delay is low.
In our understanding, MDT is used mainly for network optimization. For this purpose, MDT should capture UL delay spikes for operator to discover problem in UL scheduling and improve it.

Option 3: Capture the UL scheduling delay spikes

In this option, UE only captures UL delay spikes, instead of the average delay for UL packet scheduling. Therefore the UL equivalent of the “Packet Delay in the DL per QCI” as defined in TS36.314 [1] is not appropriate metric for this purpose.
Observation 1:
In order to identify excess UL scheduling delay, the UL packet delay metric should be such that it captures UL delay spikes
It is also our understanding that the UL delay metric should be evaluated for each cell that the UE connects to. This is for the operator to look at UL scheduling issues for each distinct scheduler implementation.
Observation 2:
UL delay metric should capture excess UL scheduling delay per a given cell that the UE connects to.
For the actual delay measurement, we propose the following UL delay measurement.
T_ULdelay (i) = t_Grant(i) – t_Arrival (i)
where:

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

· t_Arrival is the time when PDCP SDU 
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 arrives at PDCP upper SAP.
The benefit of this delay measurement is that the UE does not have to look into the transmission delay at MAC level. That is, from the protocol architecture point of view, only PDCP and RLC have to be involved since RLC is aware of UL grant. 
For the actual metric, we propose the ratio of packets exceeding the configured delay threshold among the UL PDCP SDUs transmitted. The measurement period can be the entire period in which the UE connects to a given cell.
D_rate(Ta) = M_Excess(Ta) / N_total(Ta)

where:

· M_Excess(Ta) is the number of PDCP SDUs for which  T_ULdelay exceeded the configured delay threshold during the time period Ta
· N_total(Ta) is the number of PDCP SDUs for which at least part of SDU was transmitted during the time period Ta
· Ta is the measurement period.

Evaluation
Among the three solutions options, option 1 is not acceptable from UE complexity perspective. The average delay could be useful for QoE verification. However, the RTCP based QoE metrics defined by SA4 already provides better metric for user perceived delay. From network optimization perspective, average delay may not be able to discover the problems in UL scheduling. Option 3 can meet the requirement of network optimization and doesn’t require additional processing for each PDCP packet.

Proposal 1:
RAN2 to agree on the solution option 3 for UL packet delay metric.

3. Configuration, Measuring and Reporting

Assuming solution 3 is adopted, this section analyses the configuration, measuring and reporting. The UL scheduling delay measurement can only be performed when UE is in RRC_CONNECTED. So, the measurement should be supported in immediate MDT.
Proposal 2: UL scheduling delay is supported in immediate MDT.

Configuration and Measuring

The configuration message shall at least include the QCI to measure and the UL scheduling delay threshold. The measurement period Ta should be the period from the measurement configuration is received to the measurement reporting, or from last measurement reporting to this measurement report. During the measurement period, UE keeps two variables: 

·  M_Excess: the number of packets exceeding the UL scheduling delay threshold
· N_total: the number of packets arrived at the PDCP SAP.
Proposal 3: The configuration message includes QCI to measure and UL scheduling delay threshold

Proposal 4: In each measurement period, UE keeps two variables: the number of packets exceeding the UL scheduling delay threshold and the number of packets arrived at PDCP SAP. 

Reporting

When the measurement reporting is triggered, the UE reports D_rate = M_Excess / N_total to the network.
Proposal 5: When the measurement reporting conditions are met, UE reports the ratio of packets exceeding the UL scheduling delay to the eNB.

4. Summary and proposal

Based on above, we have following proposals: 
Proposal 1:
RAN2 to agree on the solution option 3 for UL packet delay metric.

Proposal 2: UL scheduling delay is supported in immediate MDT.
Proposal 3: The configuration message includes QCI to measure and UL scheduling delay threshold

Proposal 4: In each measurement period, UE keeps two variables: the number of packets exceeding the UL scheduling delay threshold and the number of packets arrived at PDCP SAP. 

Proposal 5: When the measurement reporting conditions are met, UE reports the ratio of packets exceeding the UL scheduling delay to the eNB.
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