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1
Introduction
In TS 38.314 v16.0.0 [1], D1 has been defined and the UE supporting D1 measurement report could collect the measurements and report them to the network side.

For this measurement, we have found some minor issues regarding the calculations, and this paper is to provide our analysis and possible clarifications.
2
Discussion

2.1
Issue on D1 measurement
In [1], the definition of D1 measurements is listed as below:

*************************D1 definition in TS 38.314*************************
4.3.1.1
UL PDCP Packet Average Delay per DRB per UE
The objective of this measurement performed by UE is to measure Packet Delay in Layer PDCP for QoS verification of MDT or for the QoS monitoring as defined in TS 23.501 [4].

Protocol Layer: PDCP

Table 4.3.1.1-1: Definition for UL PDCP Packet Average Delay per DRB per UE

	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.

Detailed Definition:
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where

explanations can be found in the table 4.3.1.1-2 below.


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 4.3.1.1-2: Parameter description for UL PDCP Packet Average Delay per DRB per UE
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	PDCP average delay in the UL per DRB, averaged during time period 𝑇. Unit: 0.1 ms.
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	The point in time when the PDCP SDU i arrivals at PDCP upper SAP.

	[image: image5.png]tDelix(i)




	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
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	The identity of the measured DRB.


*********************************************************************************************
For a PDCP SDU i, the start time and the end time are:

· (a) Start time: The point in time when the PDCP SDU i arrivals at PDCP upper SAP.

· (b) End time: The point in time when the UL grant to transmit the PDCP SDU i is available.
For the PDCP SDU i, the D1 delay is (b) – (a). Within the reporting period, per configured DRB, the UE should collect all D1 delays and calculate the average value and then report the final D1 measurement result to the network. ASN1 definition of D1 is listed as below.
*******************ASN1 definition of D1 in TS 38.331*******************
UL-PDCP-DelayValueResult-r16 ::= SEQUENCE {

    drb-Id-r16                       DRB-Identity,

    averageDelay-r16                 INTEGER (0..10000),

    ...

}

averageDelay

Indicates average delay for the packets during the reporting period, as specified in TS 38.314 [53]. Value 0 corresponds to 0 millisecond, value 1 corresponds to 0.1 millisecond, value 2 corresponds to 0.2 millisecond, and so on.
*******************************************************************
For a PDCP SDU, normally the D1 delay should be larger than or equal to 0ms, and then the final result of D1 in a reporting period should also be larger than or equal to 0ms. However, we think it may happen that the D1 delay is less than 0ms (i.e. a negative value). For example, for configured grant (or grant-free) transmission, the end time (b) may be earlier than the start time (a), and thus the D1 delay may be a negative value. Currently, the spec has not taken the negative numbers into account, so we think this issue should be discussed and solved.
Observation 1: For a PDCP SDU, the D1 delay may be a negative number.
In order to solve this issue, we think there may be two options:
· Option 1: for the D1 delay for a PDCP SDU, if the result is less than 0ms, it is set to 0ms
· Option 2: for the D1 delay for a PDCP SDU, if the result is less than 0ms, it is still valid. When the UE is to calculate the average value of D1 and if the result of average delay is less than 0ms, it is set to 0ms
In our opinion, option 1 is preferred because we think a negative D1 value for any packet is very strange and hard to understand.
Proposal 1: In TS 38.314, for D1 measurement definition, it is clarified that D1 delay for each packet is 0ms if the actual value is less than 0ms.
Similarly, we also observe that the maximum value of average delay of D1 may be larger than 1s. If so, the current spec has not taken this case into account. In order to solve the issue, we also have two options as below:
· Option 1: for the D1 delay for a PDCP SDU, if the result is larger than 1s, it is set to 1s

· Option 2: for the D1 delay for a PDCU SDU, if the result is larger than 1s, it is still valid. When the UE is to calculate the average value of D1 and if the result of average delay is larger than 1s, it is set to 1s
In our opinion, option 2 is preferred because a large D1 value for any delay measurement makes sense and should be considered for average delay calculation.
Observation 2: For a PDCP SDU, the D1 delay may be larger than 1s.

Proposal 2: In TS 38.314, for D1 measurement definition, it is clarified that average D1 delay is 1s if the actual value is larger than 1s.
3
Conclusions

In this paper, we discuss the issue of D1 measurement, and we have the following observations and proposals:
Observation 1: For a PDCP SDU, the D1 delay may be a negative number.
Observation 2: For a PDCP SDU, the D1 delay may be larger than 1s.
Proposal 1: In TS 38.314, for D1 measurement definition, it is clarified that D1 delay for each packet is 0ms if the actual value is less than 0ms.

Proposal 2: In TS 38.314, for D1 measurement definition, it is clarified that average D1 delay is 1s if the actual value is larger than 1s.
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