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Introduction

User plane measurement is important for LTE and also for NR. LTE measurement [1] should be a good start for NR. Due to new architecture such as CU-DU split introduced into NR, the measurement in NR also needs to be split. SA5 expresses the same concern on this aspects [2]. Meanwhile SA2 is concern about URLLC ’s performance and provides requirements and solutions in [3]. This contribution provides our initial consideration on NR user plane measurements based on all these inputs among 3GPP WG groups.
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	See Annex 5.1
Downlink delay = Queue delay in PDCP + transmission/HARQ delay
	Clear

	SA5
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	See Annex 5.2
Average delay in CU-UP =
1:Queue delay in CU-UP

2:Require per 5QI
	Clear

	
	
	See Annex 5.3
Average delay on F1-U

=F1-U transmission delay
	The detail analysis can be found in the below sub-section 2.1.1.1.

	
	
	See Annex 5.4
Average delay in gNB-DU= RLC transmission/HARQ delay

	It is not clear whether this measurement includes PDCP queue delay in DU, see in 2.1.1.2.

	
	
	See Annex 5.5

IP latency DL in gNB-DU =  RLC queue delay 
	Clarification the requirement of this measurement is needed. 

The detail analysis can be found in the below sub-section 2.1.1.3.

	SA2
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	See Annex 5.14
QoS monitor delay in downlink   = 

NG-U delay + CU-UP queue delay + F1-U transmission delay+ DU queue delay + DU transmission/HARQ delay + UE process delay

It is noting the measurement is based on packet level [3]
	Clarification is needed to investigate whether QoS monitor delay mechanism can be merged into Layer 2 measurement.

The detail analysis can be found in the below sub-section 2.1.2.

	LTE MDT
	M6 measurement, Packet Delay in the DL per QCI by eNB (based on 36.314)
	Same as Annex 5.1
	Clear


SA5’s requirement 
Average delay on F1-U
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Figure 1:Average delay on F1-U
The formula in the figure based on description in TS 28.552[2], the detail can be found in Annex 5.3.

It seems that there are two issues need to be further clarified from SA5.

Issue 1: How to defined end time point for F1-U delay measurement ?

It is described in the specification that the end time point in this measurement is identified by CU node when receive “ GTP packet delivery status message”. However, in current GTP specification [4], there is no such message. 

Proposal 1: Send LS to CT3 and SA5 to clarify whether GTP packet delivery status message should be supported for F1-U delay measurement. 
Issue 2: How to support F1-U delay measurement per 5QI ?

It is described in the Annex 5.3 [2] that the F1-U measurement should be calculated per 5QI per UE. However , there is no 5QI differential in current GTP-U specification [4].

Proposal 2: RAN3 to consider how to support F1-U delay measurement per 5QI. Send LS to CT3 and SA5 to clarify if it is necessary.

Average delay in gNB-DU

When DU receives PDCP PDU from CU, DU may put these PDCP PDU in queue and wait RLC layer to process. However,the measurement [Annex 5.4] only covers RLC transmission /HARQ delay and not covers queue delay in DU. It is not clear whether PDCP queue delay should be involved in DU. 

Proposal 3: Send LS to SA5 to clarify whether the measurement should cover PDCP queue delay in DU. 
IP latency DL in gNB-DU

 This measurement aiming for the the user case low latency expectations which copied from TS28.552[2]. 
	Satisfying low latency expectations for 5G services, such as URLLC, is one of the key tasks for the operator to meet service performance expectations. As the performance in UL and DL differs, it is important for operators to be able to monitor the UL and DL user plane latencies separately. With performance measurements allowing the operator to obtain or derive the UL and DL user plane latency information separately, the operators can pinpoint the services performance problems to specific problems in UL or DL.

The DL IP latency monitoring in NG-RAN refers to the transmission within gNB of IP packets arriving when there is no other prior data to be transmitted to the same UE in the gNB. 

To further pinpoint performance problem detected, separate counters may be provided per mapped 5QI (which are particularly useful when the mapped 5QI is used by few services and users and the packet size does not vary much).


To our understanding, the description in SA5’s user case is refer to the IP packet transmission delay from CU to UE. However the candidate measurement provide by SA5 [Annex 5.5] is only involve RLC Queue delay in DU. From RAN3 point of view, the gap between the requirement and measurement needs further check.
Proposal 4: Send LS to SA5 to clarify IP latency DL in gNB-DU measurement.

SA2’s QoS monitor measurement 

SA2’s QoS measurement which described in TR23.725[Annex 5.14] is an RTT measurement. Which means the measurement includes downlink and uplink parts. The RTT type of measurement is quite different from those defined in Layer 2 and SA5. The first different is that SA2’s measurement is based on per packet level but SA5 or layer 2 measurement is based on flow level. The second different is the SA2’s measurement includes UE’s process delay which others are not involved. 

Observation 1: QoS monitor requirement from SA2 is per packet level measurement and involves UE processing delay.
Packet delay in Uplink
	LTE status and new requirements 
	Detail of calculation
	Analysis 

	LTE TS 36.314
	Refer to Annex 5.6 ( Queue delay in UE ) 
	Clear

	SA5
	N/A
	N/A

	SA2
	Annex 5.14 = NG-U delay + CU-UP queue delay + F1-U transmission delay+ DU queue delay + DU transmission/HARQ delay + UE process delay
	LTE’s solution cannot meet the requirement .

	LTE MDT
	M6: Packet Delay measurement,per QCI per UE, see UL PDCP Delay(TS36.314), by the UE
	clear


It is clear that LTE mechanism cannot meet SA2’s requirement. 
Proposal 5: Network part of Packet delay in Uplink should be further studied.
Scheduled IP Throughput for MDT
	LTE status and new requirements 
	Detail of calculation
	Analysis 

	LTE TS 36.314
	Annex 5.7 & 5.8
	Should be taken into account in NR.

	SA5
	N/A
	N/A

	SA2
	N/A
	N/A

	LTE MDT
	Same in TS 36.314
	Clear


Proposal 6: Scheduled IP Throughput for MDT in NR should be further studied based on LTE mechanism. 
Packet loss in Downlink
	LTE status and new requirements 
	Detail of calculation
	Analysis 

	LTE TS 36.314
	Annex 5.9 (Uu packet loss)
	Should be taken into account in NR.

	SA5
	Annex 5.10 (F1-U packet loss)
	Should be taken into account in NR.

	SA2
	N/A
	N/A

	LTE MDT
	Same in 36.314
	Clear


Proposal 7: Packet loss in Downlink in NR should include Uu packet loss and F1-U packet loss.

Packet loss in Uplink
	LTE status and new requirements 
	Detail of calculation
	Analysis 

	LTE TS 36.314
	Annex 5.11 ( Uu data loss + node data loss )
	Should be taken into account in NR.

	SA5
	Annex 5.12.1 = (Uu data loss + F1-U data loss + CU data loss )
	Should be taken into account in NR.

	
	Annex 5.12.2 (F1-U uplink data loss)
	Clear

	SA2
	N/A
	N/A

	LTE MDT
	Same as in TS 36.314
	Clear 


Proposal 8: Packet loss in uplink in NR should include Uu data loss, node data loss and F1-U uplink data loss.

Packet drop in downlink 
	LTE status and new requirements 
	Detail of calculation
	Analysis 

	LTE TS 36.314
	Annex 5.13 ( dropped data rate in queue)
	Should be taken into account in NR.

	SA5
	N/A
	N/A

	SA2
	N/A
	N/A

	LTE MDT
	N/A
	N/A


Proposal 9: Packet drop in downlink should be support in NR as in LTE.

Initial consideration on NR measurement 
Based on all analysis above, NR measurement should base on LTE measurement ( 36.314 ) and taking the new requirements into account ( e.g. From SA2 and SA5).

User plane measurement in split architecture should be supported in SI and take the user cases and requirements from LTE[36.314] ,SA5 [TS 28.552] and SA2 [TR 23.725] into account. 

The following measurements are proposed to be supported in NR:

Measurement 1:Packet delay in downlink

Measurement 2:Packet delay in Uplink
Measurement 3:Scheduled IP Throughput for MDT (Uplink)

Measurement 4:Scheduled IP Throughput for MDT (Downlink)

Measurement 5:Packet loss in downlink
Measurement 6:Packet loss in uplink

Measurement 7:Packet drop in downlink
Measurement 8:Packet drop in uplink

Proposal 10: To approve the TP in Annex 2 for TR 37.816. 
Conclusion

It is proposed to consider all observations and proposals below.

Proposal 1: Send LS to CT3 and SA5 to clarify whether GTP packet delivery status message should be supported for F1-U delay measurement.

Proposal 2: RAN3 to consider how to support F1-U delay measurement per 5QI. Send LS to CT3 and SA5 to clarify if it is necessary.

Proposal 3: Send LS to SA5 to clarify whether the measurement should cover PDCP queue delay in DU.
Proposal 4: Send LS to SA5 to clarify IP latency DL in gNB-DU measurement.

Proposal 5: Network part of Packet delay in Uplink should be further studied.
Proposal 6: Scheduled IP Throughput for MDT in NR should be further studied based on LTE mechanism.
Proposal 7: Packet loss in Downlink in NR should include Uu packet loss and F1-U packet loss.
Proposal 8: Packet loss in uplink in NR should include Uu data loss, node data loss and F1-U uplink data loss.

Proposal 9: Packet drop in downlink should be support in NR as in LTE.

Proposal 10: To approve the TP in Annex 2 for TR 37.816.
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Annex 

Packet delay in downlink (TS 36.314)
The objective of this measurement is to measure L2 Packet Delay for OAM performance observability or for QoS verification of MDT.

If there is one or more RNs served in a cell, for that cell the eNB performs each measurement separately for packets transmitted between the eNB and UEs and for packets transmitted between the eNB and RNs.

Protocol Layer: MAC, RLC, PDCP
	Definition
	Packet Delay in the DL per QCI. This measurement refers to packet delay for DRBs. For arrival of packets the reference point is PDCP upper SAP. For successful reception the reference point is MAC lower SAP. The measurement is done separately per QCI.

Detailed Definition:
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,where

explanations can be found in the table 4.1.4.1-1 below.


Table 4.1.4.1-1
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	Packet Delay in the DL per QCI, averaged during time period 
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. Unit: Integer ms.
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	The point in time when PDCP SDU 
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 arrives. 
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	The point in time when the last piece of PDCP SDU i was received by the UE according to received HARQ feedback information. 
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	A PDCP SDU that arrives at the PDCP upper SAP during time period 
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. PDCP SDU for which HARQ acknowledgement is not received for all parts shall not be included in the calculation. 
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	Total number of PDCP SDUs 
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	Time Period during which the measurement is performed


Packet delay in downlink (28.552 Average delay DL in CU-UP)
This measurement provides the average (arithmetic mean) PDCP SDU delay on the downlink within the gNB-CU-UP, for all PDCP packets. The measurement is optionally split into subcounters per QoS level (mapped 5QI or QCI in NR option 3).

DER (n=1)

This measurement is obtained as: sum of (time when sending a PDCP SDU to the gNB-DU at the egress PDCP layer on F1-U/Xn-U, minus time of arrival of the same packet at NG-U ingress IP termination) divided by total number of PDCP SDUs arriving at NG-U ingress IP termination. Separate counters are optionally maintained for each mapped 5QI (or QCI for option 3).

Each measurement is an integer representing the mean delay in microseconds. The number of measurements is equal to one. If the optional QoS level measurement is perfomed, the number of measurements is equal to the number of mapped 5QIs. 

The measurement name has the form DRB.PdcpSduDelayDl or optionally DRB.PdcpSduDelayDl.QOS where QOS identifies the target quality of service class. 
GNBCUUPFunction

Valid for packet switched traffic

5GS
One usage of this measurement is for performance assurance within integrity area (user plane connection quality).
Packet delay in downlink (28.552 Average delay on F1-U)
This measurement provides the average (arithmetic mean) GTP packet delay on the F1-U interface. The measurement is optionally split into subcounters per QoS level (mapped 5QI or QCI in NR option 3).

DER (n=1)

This measurement is obtained as: the time when receiving a GTP packet delivery status message from the gNB-DU at the egress GTP termination, minus time when sending the same packet to gNB-DU at the GTP ingress termination, minus feedback delay time in gNB-DU, obtained result is divided by two. Separate counters are optionally maintained for each mapped 5QI (or QCI for option 3).

Each measurement is an integer representing the mean delay in microseconds. The number of measurements is equal to one. If the optional QoS level measurement is perfomed, the number of measurements is equal to the number of mapped 5QIs. 

The measurement name has the form DRB.PdcpF1Delay or optionally DRB.PdcpF1Delay.QOS where QOS identifies the target quality of service.

GNBCUUPFunction

Valid for packet switched traffic

5GS

One usage of this measurement is for performance assurance within integrity area (user plane connection quality).
Packet delay in downlink (28.552 Average delay DL in gNB-DU)
This measurement provides the average (arithmetic mean) RLC SDU delay on the downlink within the gNB-DU, for initial transmission of all RLC packets. The measurement is optionally split into subcounters per QoS level (mapped 5QI or QCI in NR option 3).

DER (n=1)

This measurement is obtained as: sum of (time when the last part of an RLC SDU was scheduled and sent to the MAC layer for transmission over the air, minus time of arrival of the same packet at the RLC ingress F1-U termination) divided by total number of RLC SDUs arriving at the RLC ingress F1-U termination. If the RLC SDU needs retransmission (for Acknowledged Mode) the delay will still include only one contribution (the original one) to this measurement. Separate counters are optionally maintained for each mapped 5QI (or QCI for option 3). Each measurement is an integer representing the mean delay in microseconds. 

The number of measurements is equal to one. If the optional QoS level measurement is perfomed, the number of measurements is equal to the number of mapped 5QIs. 

The measurement name has the form DRB.RlcSduDelayDl or optionally DRB.RlcSduDelayDl.QOS where QOS identifies the target quality of service class.
NRCellDU

Valid for packet switched traffic

5GS
One usage of this measurement is for performance assurance within integrity area (user plane connection quality).
Packet delay in downlink (28.552 IP Latency DL in gNB-DU)
This measurement provides the average IP Latency in DL (arithmetic mean) within the gNB-DU, when there is no other prior data to be transmitted to the same UE in the gNB-DU. The measurement is optionally split into subcounters per QoS level.

DER (n=1)
This measurement is obtained as: sum of (time when the first piece of an RLC SDU transmitted on the air interface, minus time of arrival of the same packet at the RLC ingress F1-U termination, for IP packets arriving when there is no other prior data to be transmitted to the same UE in the gNB-DU) divided by total number of RLC SDUs arriving at the RLC ingress F1-U termination when there is no other prior data to be transmitted to the same UE in the gNB-DU. Separate counters are optionally maintained for each mapped 5QI (or QCI for option 3).

Each measurement is an integer representing the average latency in microseconds. The number of measurements is equal to one. If the optional QoS level measurement is performed, the number of measurements is equal to the number of supported mapped 5QIs. 

The measurement name has the form DRB.RlcSduLatencyDl or optionally DRB.RlcSduLatencyDl.QOS where QOS identifies the target quality of service class
NRCellDU

Valid for packet switched traffic

5GS
One usage of this measurement is for performance assurance within integrity area (user plane connection quality).
Packet delay in Uplink (TS 36.314)
The objective of this measurement performed by UE is to measure Excess Packet Delay Ratio in Layer PDCP for QoS verification of MDT.

Protocol Layer: RLC, PDCP

	Definition
	PDCP Packet Delay in the UL per QCI. This measurement refers to packet delay for DRBs, which captures the delay from packet arrival at PDCP upper SAP until the packet starts to be delivered to RLC. The measurement is done separately per QCI.

Detailed Definition:
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,where
explanations can be found in the table 4.2.1.1-1 below.


Table 4.2.1.1-1
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	Ratio of packets in UL per QCI exceeding the configured delay threshold among the UL PDCP SDUs transmitted.
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	Number of PDCP SDUs of a data radio bearer with QCI = 
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tULdelayiqci

exceeded the configured delayThreshold as defined in TS 36.331 [5] during the time period T.
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	Number of PDCP SDUs of a data radio bearer with QCI = 
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, for which at least a part of SDU was transmitted during the time period T.
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	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 = 
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	The point in time when the PDCP SDU i of a data radio bearer with QCI =
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was delivered to lower layers. 
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	The point in the time when the PDCP SDU i of a data radio bearer with QCI = 
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 arrives at PDCP upper SAP.
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	Index of PDCP SDU that arrives at the PDCP upper SAP during time period 
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	Time period during which the measurement is performed.


Scheduled IP Throughput for MDT in downlink
	Definition
	Scheduled IP Throughput for MDT in DL. Throughput of PDCP SDU bits in downlink for data bursts that are large enough to require transmissions to be split across several TTIs, by excluding the data transmitted in the last TTI of the data burst. Only data transmission time is considered, i.e. when data transmission over Uu has begun but not yet finished. The measurement is performed per RAB per UE, and also per UE. For successful reception, the reference point is MAC upper SAP. 

A data burst begins at the point in time when the first transmission begins after a PDCP SDU becomes available for transmission, where previously no PDCP SDUs were available for transmission for the E-RAB (in per E-RAB per UE case) or for any E-RABs of the UE (in per UE case).  The data burst ends at the point in time when transmissions are successfully completed and there is no portion of a PDCP SDU pending transmission for the E-RAB (in per E-RAB per UE case) or for any E-RABs of the UE (in per UE case).

This measurement is obtained by the following formula for a measurement period:
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, where

Explanations of the parameters can be found in the table 4.1.7.1-1 below.


Table 4.1.7.1-1
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	If the data burst is small enough to be transmitted in one TTI, then ThpTimeDl = 0.

Otherwise, ThpTimeDl = T1 – T2 [ms].
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	If transmission of a data burst is ongoing at the end of the measurement period, then T1 is the point in time when the measurement period ends.

Otherwise, T1 is the point in time when the last TTI used for transmission of the data burst begins.
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	If transmission of a data burst is ongoing at the start of the measurement period, then T2 is the point in time when the measurement period begins.

Otherwise, T2 is the point in time when the first TTI used for transmission of the data burst begins.
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	The data volume, counted on PDCP SDU level, in kbits successfully transmitted (acknowledged by UE) in DL for the data burst excluding the data volume transmitted in the last TTI.


Scheduled IP Throughput for MDT in uplink 
Protocol Layer: PDCP, RLC, MAC

	Definition
	Scheduled IP Throughput for MDT in UL. eNB estimate of the throughput of PDCP SDU bits in uplink for data bursts that are large enough to require transmissions to be split across several TTIs, by excluding the data transmitted in the last TTI of the data burst. Only data transmission time is considered, i.e. when data transmission over Uu has begun but not yet finished. The measurement is performed per UE. For successful reception, the reference point is MAC upper SAP.
A data burst begins at the point in time when the first transmission begins after the eNB estimate of the UE buffer size becomes greater than zero for at least one E-RAB of the UE, where previously the estimate was zero for all E-RABs of the UE.  The data burst ends at the point in time when transmissions are successfully completed and the eNB estimate of the UE buffer size becomes zero for all E-RABs of the UE, where previously the estimate was greater than zero for at least one E-RAB of the UE.

This measurement is obtained by the following formula for a measurement period:
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, where

Explanations of the parameters can be found in the table 4.1.7.2-1 below.


Table 4.1.7.2-1
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	If the data burst is small enough to be transmitted in one TTI, then ThpTimeUl = 0.

Otherwise, ThpTimeUl = T1 – T2 [ms].
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	If transmission of a data burst is ongoing at the end of the measurement period, then T1 is the point in time when the measurement period ends.
Otherwise, T1 is the point in time when the last TTI used for transmission of the data burst begins.
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	If transmission of a data burst is ongoing at the start of the measurement period, then T2 is the point in time when the measurement period begins.
Otherwise, T2 is the point in time when the first TTI used for transmission of the data burst begins.
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	The data volume counted on PDCP SDU level in kbits received in UL for the data burst excluding the data volume received in the last TTI used for transmission of the data burst.


Packet loss in Downlink (TS 36.314)
The objective of this measurement is to measure packets that are lost at Uu transmission, for OAM performance observability.

.If there is one or more RNs served in a cell, for that cell the eNB performs each measurement separately for packets transmitted between the eNB and UE and for packets transmitted between the eNB and RNs.

Protocol Layer: MAC, RLC, PDCP
	Definition
	Packet Uu Loss Rate in the DL per QCI. This measurement refers to packet loss for DRBs. One packet corresponds to one PDCP SDU. The measurement is done separately per QCI.  

Detailed Definition:
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, where
explanations can be found in the table 4.1.5.2-1 below.


NOTE:
Packet loss is expected to be upper bounded by the PELR of the QCI which takes values between 10-6 and 10-2. The statistical accuracy of an individual packet loss rate measurement result is dependent on how many packets have been received, and thus the time for the measurement.

Table 4.1.5.2-1
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	Packet Uu Loss Rate in the DL per QCI. Unit: number of lost packets per transmitted packets * 106, Integer. 
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	Number of DL packets, of a data radio bearer with QCI = 
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, for which at least a part has been transmitted over the air but not positively acknowledged, and it was decided during time period 
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 that no more transmission attempts will be done. If transmission of a packet might continue in another cell, it shall not be included in this count.
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	Number of DL packets, of a data radio bearer with QCI = 
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, which has been transmitted over the air and positively acknowledged during time period 
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	Time Period during which the measurement is performed, Unit: minutes (NOTE).


Packet loss in Downlink (TS 28.552)
This measurement provides the fraction of PDCP SDU packets which are not successfully received at the gNB-CU). It is a measure of the DL packet loss on the F1-U interface. The measurement is optionally split into subcounters per QoS level (mapped 5QI or QCI in NR option 3).

SI

This measurement is obtained as:  1000000* Number of missing DL GTP sequence numbers (TS 29.281), representing packets that are not delivered to lower layers, of a data radio bearer, divided by Total number of UL GTP sequence numbers (also including missing sequence numbers) of a bearer, starting from the sequence number of the first packet delivered by gNB-CU-UP to gNB-DU until the GTP sequence number of the last packet. Separate counters are optionally maintained for mapped 5QI (or QCI for NR option 3). 

Each measurement is an integer value representing the loss rate multiplied by 1E6. The number of measurements is equal to one. If the optional QoS level measurement is perfomed, the measurements are equal to the number of mapped 5QIs. 

The measurement name has the form DRB.F1UPacketLossRateDl or optionally DRB.F1UPacketLossRateDl.QOS where QOS identifies the target quality of service class.
NRCellDU

Valid for packet switched traffic

5GS
One usage of this measurement is for performance assurance within integrity area (user plane connection quality).
Packet loss in Uplink (TS 36.314)
The objective of this measurement is to measure packets that are lost in the UL, for OAM performance observability or QoS verification of MDT.

If there is one or more RNs served in a cell, for that cell the eNB performs each measurement separately for packets transmitted between the eNB and UE and for packets transmitted between the eNB and RNs.

Protocol Layer: PDCP
	Definition
	Packet Loss Rate in the UL per QCI. This measurement refers to packet loss for DRBs. One packet corresponds to one PDCP SDU. Reference point is the PDCP upper SAP. The measurement is done separately per QCI.
Detailed Definition:
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, where
explanations can be found in the table 4.1.5.3-1 below.


NOTE 1:
Packet loss is expected to be upper bounded by the PELR of the QCI which takes values between 10-6 and 10-2. The statistical accuracy of an individual packet loss rate measurement result is dependent on how many packets have been received, and thus the time for the measurement.

NOTE 2:
In case the measurement is used with small time periods, e.g. fraction of minute for MDT, it is not expected that the result will reflect PELR.

Table 4.1.5.3-1
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	Packet Loss Rate in the UL per QCI. Unit: number of lost packets per transmitted packets * 106, Integer. 
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	Number of missing UL PDCP sequence numbers, representing packets that are not delivered to higher layers, of a data radio bearer with QCI = 
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during time period 
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. If transmission of a packet might continue in another cell, it shall not be included in this count.
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	Total number of UL PDCP sequence numbers (also including missing sequence numbers) of a bearer with QCI = 
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, starting from the sequence number  of the first packet delivered by PDCP upper SAP to higher layers until the sequence number of the last packet during time period 
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.  
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	Time Period during which the measurement is performed, Unit: minutes (NOTE 1, NOTE 2).


Packet loss in Uplink (TS 28.552)
UL Packet Loss Rate

This measurement provides the fraction of PDCP SDU packets which are not successfully received at gNB-CU-UP. It is a measure of the UL packet loss including any packet losses in the air interface, in the gNB-CU and on the F1-U interface.  Only user-plane traffic (DTCH) and only PDCP SDUs that have entered PDCP (and given a PDCP sequence number) are considered.  The measurement is optionally split into subcounters per QoS level (mapped 5QI or QCI in NR option 3).

SI

This measurement is obtained as:  1000000* Number of missing UL PDCP sequence numbers, representing packets that are not delivered to higher layers, of a data radio bearer, divided by Total number of UL PDCP sequence numbers (also including missing sequence numbers) of a bearer, starting from the sequence number of the first packet delivered by UE PDCP to gNB-CU-UP until the sequence number of the last packet. If transmission of a packet might continue in another cell, it shall not be included in this count. Separate counters are optionally maintained for mapped 5QI (or QCI for NR option 3).

Each measurement is an integer value representing the loss rate multiplied by 1E6. The number of measurements is equal to one. If the optional QoS level measurements is perfomed, the measurements are equal to the number of mapped 5QIs.  

The measurement name has the form DRB.PacketLossRateUl or optionally DRB.PacketLossRateUl.QOS where QOS identifies the target quality of service class.
GNBCUUPFunction

Valid for packet switched traffic

5GS
One usage of this measurement is for performance assurance within integrity area (user plane connection quality).
UL F1-U Packet Loss Rate

This measurement provides the fraction of PDCP SDU packets which are not successfully received at gNB-CU-UP. It is a measure of the UL packet loss on the F1-U interface.  The measurement is optionally split into subcounters per QoS level (mapped 5QI or QCI in NR option 3).

SI

This measurement is obtained as:  1000000* Number of missing UL GTP sequence numbers (TS 29.281), representing packets that are not delivered to higher layers, of a data radio bearer, divided by Total number of UL GTP sequence numbers (also including missing sequence numbers) of a bearer, starting from the GTP sequence number of the first packet delivered by gNB-DU to gNB-CU-UP until the GTP sequence number of the last packet. Separate counters are optionally maintained for mapped 5QI (or QCI for option 3).

Each measurement is an integer value representing the loss rate multiplied by 1E6. The number of measurements is equal to one. If the optional QoS level measurement is perfomed, the measurements are equal to the number of mapped 5QIs.

The measurement name has the form DRB.F1UPacketLossRateUl or optionally DRB.F1UPacketLossRateUl.QOS where QOS identifies the target quality of service class.
GNBCUUPFunction

Valid for packet switched traffic

5GS
One usage of this measurement is for performance assurance within integrity area (user plane connection quality).
Packet drop in downlink (TS 36.314)
The objective of this measurement is to measure packets that are dropped due to congestion, traffic management etc, for OAM performance observability or QoS verification of MDT.

For an eNB serving one or more RNs, packets transmitted between the eNB and RNs are excluded, i.e., only packets transmitted between the eNB and UEs are counted.

Protocol Layer: MAC, RLC, PDCP
	Definition
	Packet Discard Rate in the DL per QCI. This measurement refers to discard for DRBs. One packet corresponds to one PDCP SDU. The reference point is PDCP upper SAP. The measurement is done separately per QCI.

Detailed Definition:
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,where

explanations can be found in the table 4.1.5.1-1 below.


NOTE 1:
Packet loss is expected to be small or very small The statistical accuracy of an individual discard rate measurement result is dependent on how many packets has been received, and thus the time for the measurement.

NOTE 2:
In case the measurement is used with small time periods, e.g. fraction of minute for MDT, it is not expected that the result will reflect PELR.
Table 4.1.5.1-1
	
[image: image61.wmf])

,

(

qci

T

M


	Packet Discard Rate in the DL per QCI, averaged during time period 
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. Unit: number of discarded packets per received packets * 106, Integer. 
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	Number of DL packets, for which no part has been transmitted over the air, of a data radio bearer with QCI = 
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 , that are discarded during time period 
[image: image65.wmf]T

 in the PDCP, RLC or MAC layers due to reasons other than hand-over.
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	Number of DL packets of bearer with QCI = 
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 that has entered PDCP upper SAP during time period 
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 (NOTE).
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	Time Period during which the measurement is performed, Unit: minutes (NOTE 1, NOTE 2).


28.552
5.1.3.2.1
DL Packet Drop Rate in gNB-CU-UP

This measurement provides the fraction of PDCP SDU packets which are dropped on the downlink, due to congestion, traffic management etc in the gNB-CU-UP. Only user-plane traffic (DTCH) is considered. A dropped packet is one whose context is removed from the gNB-CU-UP without any part of it having been transmitted on the F1-U or Xn-U or X2-U interface. The measurement is optionally split into subcounters per QoS level (mapped 5QI or QCI in NR option 3).

NOTE: this measurement may include packets that were supposed to be sent via the eUtran air interface if using NR split bearer option 3, 4 or 7.

SI 

This measurement is obtained as: 1000000*Number of DL packets, for which no part has been transmitted over the F1-U or Xn-U or X2-U interface, of a data radio bearer, that are discarded in the PDCP layer, divided by Number of DL packets for data radio bearers that has entered PDCP upper SAP. Separate counters are optionally maintained for mapped 5QI (or QCI for NR option 3).

Each measurement is an integer value representing the drop rate multiplied by 1E6. The number of measurements is equal to one. If the optional QoS level measurement is perfomed, the measurements are equal to the number of mapped 5QIs.  

The measurement name has the form DRB.PdcpPacketDropRateDl or optionally DRB.PdcpPacketDropRateDl.QOS 
where QOS identifies the target quality of service class.
GNBCUUPFunction

Valid for packet switched traffic 

5GS
i)
One usage of this measurement is for performance assurance within integrity area (user plane connection quality).
5.1.3.2.2
DL Packet Drop Rate in gNB-DU
This measurement provides the fraction of RLC SDU packets which are dropped on the downlink, due to congestion, traffic management etc in the gNB-DU. Only user-plane traffic (DTCH) is considered. A dropped packet is one whose context is removed from the gNB-DU without any part of it having been transmitted on the air interface. The measurement is optionally split into subcounters per QoS level (mapped 5QI or QCI in NR option 3).

SI

This measurement is obtained as: 1000000*Number of DL packets, for which no part has been transmitted over the air, of a data radio bearer, that are discarded in the gNB-DU divided by Number of DL packets for data radio bearers that were received from gNB-CU-UP. Separate counters are optionally maintained for mapped 5QI (or QCI for NR option 3).

Each measurement is an integer value representing the drop rate multiplied by 1E6. The number of measurements is equal to one. If the optional QoS level measurement is perfomed, the measurements are equal to the number of mapped 5QIs. 

The measurement name has the form DRB.RlcPacketDropRateDl or optionally DRB.RlcPacketDropRateDl.QOS 
where QOS identifies the target quality of service class.
NRCellDU

Valid for packet switched traffic 

5GS
i)
One usage of this measurement is for performance assurance within integrity area (user plane connection quality).

QoS monitoring solutions of SA2 TR 23.725
Based on the TS 22.261 [5], clause 6.23 (QoS Monitoring), the vertical applications may want to be aware of the real time latency (e.g., UL, DL or Round trip latency) of the URLLC service in 5G system, and the trouble shooting could be done based on the real time latency as the input. QoS Notification Control is performed to monitoring the GFBR on RAN side only, to achieve the E2E QoS monitoring, the real time packet delay in 5GC and 5G-AN can be jointly monitored to achieve the E2E QoS monitoring by sending the monitoring packets periodically when QoS monitoring activated. There are two ways to monitor packet delay: round-trip time (RTT) delay and one-way delay.

Annex 2
5.7 Minimization of Drive Test (MDT) Use Cases

5.7.1 User case

....
User plane measurement in split architecture should be supported in SI and take into account the user cases and new requirements from SA5 [TS 28.552] and SA2 [TR 23.725] .

The following measurements are proposed to be supported:

Measurement 1:Packet delay in downlink

Measurement 2:Packet delay in Uplink
Measurement 3:Scheduled IP Throughput for MDT (Uplink)

Measurement 4:Scheduled IP Throughput for MDT (Downlink)

Measurement 5:Packet loss in downlink
Measurement 6:Packet loss in uplink

Measurement 7:Packet drop in downlink
Measurement 8:Packet drop in uplink

...
5.7.2 solution

.... 
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