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1
Introduction
In email discussion [108#91] and [108#42] [1][2], the average delay measurement has been captured. The average delay is part of UL delay. In addition to this measurement, we also see some benefits to also have min and max value in the same period as the average delay. This paper is to analyze the requirements as well as solutions.
2
Discussion
The average delay is defined as below: (according to the latest CR in email discussion [1])
PDCP Packet Delay in the UL per DRB. This measurement refers to PDCP queuing delay for DRBs in the UE, which captures the delay from packet arrival at PDCP upper SAP until the UL grant to transmit the packet is available, which has included the delay the UE gets resources granted (from sending SR/RACH to get the first grant). The measurement is done separately per DRB.

Detailed Definition:
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where
explanations can be found in the table 4.2.1.2-1 below.
As defined in the CR in [2], the configuration of the average delay is as below:
UL-DelayValueConfig-r16 ::=




SEQUENCE {

   delay-DRBlist
                      SEQUENCE (SIZE(1..maxDRB)) OF DRB-Identity

}

In the field description, the reportInteval is described as below:
ul-DelayValueConfig
If the field is present, the UE shall perform the actual PDCP queueing delay measurement per DRB as specified in TS 38.314 [x5] and the UE shall ignore the fields reportQuantityCell and maxReportCells. The applicable values for the corresponding reportInterval are (one of the) [FFS on values]. The reportInterval indicates the periodicity for performing and reporting of UL PDCP Delay per DRB measurement as specified in TS 38.314 [x5].
Within the reportInterval, there could be lots of PDCP packets and thus lots of delay samples, and among all samples, there could be min and max values. From network point of view, both min and max values are also useful for delay measurement monitoring. For example, the average delay is 3ms and the max delay is 200ms, so the bad case will not be known at the network side.
For delay measurement, we think it is important to track the ‘bad’ packets, i.e. the packets with long delay, otherwise there may be gaps between real QoS and the reported delay measurements.
From solution point of view, on top of the average delay solution, there may be the following impacts:

· no impact to UL delay value config
· when the UE receives the UL delay value config, within the reportInterval, the UE should record: (1) min value; (2) max value; (3) average value. In the report, all three measurements should be included

· minor changes to TS 38.314 CR and TS 38.331 CR
Proposal 1: It is proposed to introduce min and max value for delay measurement in addition to the average delay.
3
Conclusions
In this paper, we discuss the min and max value for delay measurement, and it is proposed:
Proposal 1: It is proposed to introduce min and max value for delay measurement in addition to the average delay.
In section 5, an example on potential changes is shown.
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Annex

5.1
Potential change to TS 38.314

The following changes are made on top of the latest version in “[108#91][NR/L2M] running 38.314 CR (CMCC)”. New changes are highlighted.
4.2.1.2
 UL PDCP Packet Delay per DRB (remove average from the title in order to make it general)
The objective of this measurement performed by UE is to measure Packet Delay in Layer PDCP for QoS verification of MDT. The minimum, maximum and average values are provided.
Protocol Layer: PDCP

	Definition
	PDCP Packet Delay in the UL per DRB. This measurement refers to PDCP queuing delay for DRBs in the UE, which captures the delay from packet arrival at PDCP upper SAP until the UL grant to transmit the packet is available, which has included the delay the UE gets resources granted (from sending SR/RACH to get the first grant). The measurement is done separately per DRB.

(1) Average value
Detailed Definition:
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where
explanations can be found in the table 4.2.1.2-1 below.
(2) Minimum value

During T, it represents the minimum value for the delay measurements for all PDCP packets.
(3) Maximum value

During T, it represents the maximum value for the delay measurements for all PDCP packets.



NOTE:
UE measures UL PDCP queueing delay at DRB level. It is up to gNB to convert DRB level delay to QoS level delay with the assumption that all QoS flows mapped to the same DRB get the same QoS treatment, and it is up to gNB to calculate QoS level delay if multiple DRBs mapped with the same QoS.
Table 4.2.1.2-1
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	PDCP average delay in the UL per DRB, averaged during time period 𝑇. Unit: ms.
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	The point in time when the PDCP SDU i arrivals at PDCP upper SAP.
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	The point in time when the UL grant to transmit the PDCP SDU i is available.
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	A PDCP SDU that is received by the PDCP during time period 𝑇. 
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	Total number of PDCP SDUs 𝑖.
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	Time Period during which the measurement is performed


5.2
Potential change to TS 38.331

The following changes are made on top of the latest version in “[108#42][NR/MDT] running 38.331 CR to support SON/MDT (Huawei and Ericsson)”. New changes are highlighted.

**************************Change # 1**************************
2>
if the ul-DelayValueConfig is configured for the associated reportConfig:

3> ignore the measObject;

3>
for each of the configured DRBs, configure the PDCP layer to perform corresponding minimum, maximum and average UL PDCP packet delay measurement per DRB;
**************************Change # 2**************************
1>
if minimum, maximum and average uplink PDCP delay values are available:

2>
set the ul-PDCP-DelayValueResultList to include the corresponding average uplink PDCP delay values;

**************************Change # 3**************************
UL-PDCP-DelayValueResultList-r16 ::=

SEQUENCE (SIZE (1..maxDRB)) OF UL-PDCP-DelayValueResult-r16

UL-PDCP-DelayValueResult-r16 ::=


SEQUENCE {


drb-Id-r16






DRB-Identity,


averageDelay-r16




INTEGER (0..10000),


minDelay-r16





INTEGER (0..10000),


maxDelay-r16





INTEGER (0..10000),

...

}

	MeasResults field descriptions

	averageDelay, minDelay, maxDelay
Indicates average, minimum and maximum delay for the packets during the reporting period, as specified in TS 38.314 [x5]. Values 1 corresponds to 0.1 milliseconds, value 2 corresponds to 0.2 milliseconds, and so on.

If the actual delay result exceeds the upper range (i.e. 10000), then 10000 is used.
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