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1 Introduction 
One of the goals of NR is to support applications that have stringent QoS requirements on end-to-end delay performance. Delay measurement is a key aspect of QoS/QoE verification in MDT.
This document proposes the method for packet delay measurements in NR MDT. These measurements can be used for the purposes of QoS monitoring of delay-sensitive applications such as URLLC and MMTel.         
2 [bookmark: _Ref535308766][bookmark: _Ref535492080]NR RAN MDT packet delay measurements     
The RAN UL/DL packet delay is a component of the end-to-end UL/DL packet delay between the UE and the UPF. It has been discussed in SA2 whether UL/DL packet delay of RAN and CN should be measured for QoS monitoring of URLLC applications respectively, and it is likely that it will be agreed that such packet delay measurements should be performed respectively. In LTE, MDT UL/DL packet delay measurements was introduced for MMTel optimization, and specified in TS 37.320 [1] as below:
-	M6: Packet Delay measurement, separately for DL and UL, per QCI per UE, see UL PDCP Delay, by the UE, and Packet Delay in the DL per QCI, by the eNB, TS 36.314.
Observation 1. Packet delay measurements are required to be performed by NR RAN for the purposes of QoS monitoring for various applications expected to be supported by NR, e.g., URLLC, MMTel.
NR RAN MDT packet delay measurement design should take LTE RAN MDT packet delay measurement as the baseline. In LTE, RAN MDT packet delay measurements are configured as part of RRC Immediate MDT procedures, which apply to UEs in RRC_CONNECTED state [1], [2]. Packet delay measurements are performed by eNB and the UE, and can both be configured.
Proposal 1: Inherit M6 (Packet Delay Measurement, as defined in TS 37.320) of LTE to NR, only for the case where one DRB contains only one 5QI.
For DL of M6, the delay is the RAN part of delay from data arriving at PDCP to HARQ ACK received, as shown below (section 4.1.4 of TS 36.314 [2]):

, where: 
	

	
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


  
In NR, the DL packet delay is the delay experienced by SDAP SDUs of the QoS flow transmitted by gNB. For each SDAP SDU, it is defined as the delay from the time an SDAP SDU is received from the upper layers at the gNB until the time it is received by the UE according to received HARQ information (see Figure 1). Delay measurements can be collected over a time interval that is configurable and the average over the time interval reported as part of MDT measurements.


[bookmark: _Ref1000904]Figure 1 DL packet delay
In NR, with the introduction of SDAP, the tArriv(i) should be defined as: “The point in time when SDAP SDU   arrives”.
Proposal 2: RAN part of Packet Delay in the DL shall be measured by NG-RAN (gNB/eNB) in same way as LTE, except the entry point is changed from PDCP to SDAP.
In LTE MDT, UL delay is measured by excess packet delay ratio.

, where
	

	Ratio of packets in UL per QCI exceeding the configured delay threshold among the UL PDCP SDUs transmitted.

	

	
Number of PDCP SDUs of a data radio bearer with QCI = ,for which ULdelay [image: ]exceeded the configured delayThreshold as defined in TS 36.331 [5] during the time period T.

	

	
Number of PDCP SDUs of a data radio bearer with QCI = , for which at least a part of SDU was transmitted during the time period T.

	[image: ]
	
Queuing delay observed at the UE PDCP layer from packet arrival at PDCP upper SAP until the packet starts to be delivered to RLC, the packet belongs to a data radio bearer with QCI = .

	

	
The point in time when the PDCP SDU i of a data radio bearer with QCI =was delivered to lower layers. 

	

	
The point in the time when the PDCP SDU i of a data radio bearer with QCI =  arrives at PDCP upper SAP.

	

	
Index of PDCP SDU that arrives at the PDCP upper SAP during time period . 

	

	Time period during which the measurement is performed.



In NR, the UL buffer should be still in PDCP. The UL PDCP packet delay measurement for Excess Packet Delay Ratio serves as an indication of the UL PDCP SDU queuing delay at the UE. The measured delay is the queuing delay at the UE PDCP layer from packet arrival at PDCP from upper layers until the packet starts to be delivered to RLC (see Figure 2). The UE reports the UL PDCP SDU queuing delay as the ratio of  SDUs exceeding a configured delay threshold and the total number of SDUs received during a configured measurement period.


[bookmark: _Ref1008270]Figure 2 UL PDCP packet delay
Proposal 3: On RAN part of NR UL Packet delay measurement, UE only reports excess ratio of queuing delay observed at the UE PDCP layer from packet arrival at PDCP upper SAP until the packet starts to be delivered to RLC, i.e. in same way as LTE. 
3 E2E Packet Delay Measurement
E2E delay measurement is a tentative requirement of SA2 URLLC SID. To reduce the development effort, URLLC and MDT should share delay measurement mechanism as much as possible.
[image: ]
DL end-to-end packet delay measurement:
In order to enable the computation of the DL end-to-end delay, timestamp T1 (shown in the figure above) can be added to the GTP-U header by UPF. T1 and T2 are the times a DL packet was transmitted and received, respectively, over the NG-U interface. 
The end-to-end DL delay from the UPF to the UE is then computed by gNB by adding the RAN part of the delay to the delay T2-T1. gNB reports the computed end-to-end DL delay to the TCE and/or core network.        
UL end-to-end packet delay measurement:
Theoretically, the UL end-to-end delay can be similarly computed by adding the RAN part of the UL delay measurement to the delay measured from gNB to UPF. However, due to limited processing capability of UE, it is extremely difficult to add timestamp or report queuing time to gNB per packet. 
So, the UL E2E delay should be derived by: average RAN part of delay + average core network delay.
gNB can add timestamp T5 to the GTP-U header for UPF to calculate core network delay. The average RAN part of delay can be estimated by average UL queuing delay + average UL transmission delay (from UL grant to CRC check success). The average UL queuing delay may be derived from multiple measurements with different delay thresholds.  
The details on how to add GTP-U header is beyond RAN2 scoping, and can be left to RAN3/SA2 decide.
Proposal 4: E2E delay measurement is calculated by sum of RAN part of delay and core network delay. 
Proposal 5: As one solution, core network DL and UL delay can be measured through adding timestamp to the GTP-U header by UPF and gNB, respectively. The mechanism is left to RAN3/SA2 decide.

4 Conclusion
[bookmark: _Hlk512894710]Based on the above discussions, we recommend that RAN2 discuss the following observations and proposals:

Observation 1. Packet delay measurements are required to be performed by NR RAN for the purposes of QoS monitoring for various applications expected to be supported by NR, e.g., URLLC, MMTel.
Proposal 1: Inherit M6 (Packet Delay Measurement, as defined in TS 37.320) of LTE to NR.
Proposal 2: RAN part of Packet Delay in the DL shall be measured by NG-RAN (gNB/eNB) in same way as LTE, except the entry point is changed from PDCP to SDAP.
Proposal 3: On RAN part of NR UL Packet delay measurement, UE only reports excess ratio of Queuing delay observed at the UE PDCP layer from packet arrival at PDCP upper SAP until the packet starts to be delivered to RLC, i.e. in same way as LTE.
Proposal 4: E2E delay measurement is calculated by sum of RAN part of delay and core network delay. 
Proposal 5: As one solution, core network DL and UL delay can be measured through adding timestamp to the GTP-U header by UPF and gNB, respectively. The mechanism is left to RAN3/SA2 decide.
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