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1	Decision/action requested
It proposes to discuss and endorse
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3	Rationale
Following are some observations about URLLC on definition of reliability and related performance measurement and KPIs. The discussion paper only focus on the reliability in NG-RAN. There is gap between the definitions of reliability and the related measurements and KPIs, the detailed observations are as follows.
NOTE：Even though this study is about URLLC, the discussion on reliability is also applicable non URLLC services.
Observation#1: 3GPP and ITU-R both specify the definitions of reliability for URLLC. 
URLLC, with the characteristics of ultra-reliable and low latency, has dual requirements for latency and reliability. Reliability is a significant indicator of network providing URLLC service. Both 3GPP and ITU-R specify definitions of reliability.
Reliability in 3GPP is defined in TS 22.261[2] as follows:
Reliability: in the context of network layer packet transmissions, percentage value of the packets successfully delivered to a given system entity within the time constraint required by the targeted service out of all the packets transmitted [2].

Reliability in ITU-R is defined in ITU-R M.2410[6] as follows:
Reliability is the success probability of transmitting a layer 2/3 packet within a required maximum time, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface at a certain channel quality [6].
This requirement is defined for the purpose of evaluation in the URLLC usage scenario.

Both definitions refer to the concept “time constraint” or “required maximum time”. That is to say, reliability in RAN is not only about the traditional packet successful rate but also needs to take the transmission delay into consideration. According to the definitions above, packets that transmitted successfully but delayed more the time constraint or required maximum time should not be counted as reliable. Based on the definitions above, when we try to give a metric for reliability in RAN, the numerator is the number of reliable packets, the transmission delay of which is no more than a required maximum time (delay threshold), and the denominator is the total number of transimitted packets.
Conclusions#1: 
· According to the definitions above, a packet in RAN can be counted as reliable when the following principles are satisfied:
· The packet is transmitted successfully from NG-RAN to UE (inlucluding transmission within gNB and over the air interface).
· [bookmark: _GoBack]The transmission delay of the RAN packet is within a required maximum time.
· Reliability in RAN is the number of reliable packets out of the number of all transmitted packets.

Observation#2: The existing measurements and KPIs only counts the packets transmitted successfully without the concepts of delay, which doesn’t align with the performance management of reliability in RAN.
In order to manage the performance of reliability of RAN network providing URLLC service, all the existing measurements and KPIs related to reliability and latency are examined. No existing measurements in TS 28.552 or KPIs in TS 28.554 can meet the principles mentioned in conclusion#1. The algorithm gaps between reliability in RAN and each measurement or KPI are listed below.
1. Reliability
(1) TS 28.552
There is no measurement defined for reliability in this specification, and the word “reliability” appears in the following measurements.
· 5.1.1.34 Incoming GTP Data Packet Loss in gNB over N3, this measurement provides the number of GTP data packets which are not successfully received at gNB over N3 after being sent by UPF. It is a measure of the incoming GTP data packet loss per N3 interface.
· The measurement does not belong to RAN side and does not contains the concept of latency.
· 5.1.2.2 UL PDCP SDU Success Rate, this measurement provides the fraction of PDCP SDU packets which are successfully received at gNB. It is a measure of the UL packet delivery success including any packet success in the air interface and in the gNB.
· The measurement provides the UL success rate and does not contains the concept of latency.
· 5.1.3.1.1 UL PDCP SDU 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.
· The measurement does not contain the concept of latency.
· 5.1.3.1.2 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 does not contain the air-interface.
· 5.1.3.1.3 DL F1-U Packet Loss Rate, this measurement provides the fraction of PDCP SDU packets which are not successfully received at the gNB-DU). It is a measure of the DL packet loss on the F1-U interface.
· The measurement does not contain the air-interface.
· 5.4.1.1 Number of incoming GTP data packets on the N3 interface, from (R)AN to UPF
· The measurement is performed by UPF and is not in the RAN side.
· 5.4.1.2 Number of outgoing GTP data packets of on the N3 interface, from UPF to (R)AN
· The measurement is performed by UPF and is not in the RAN side.
· 5.4.1.7 Incoming GTP Data Packet Loss in UPF over N3
· The measurement is performed by UPF and is not in the RAN side.

(2) TS 28.554
KPIs related to reliability are listed as follows.
· 6.8.1.1 Packet transmission reliability KPI in DL on Uu, this KPI describes the Reliability based on Packet Success Rate(PSR) Percentage between gNB and UE. It is the percentage of RLC SDU packets which are successfully received in UE out of the total RLC SDU packets transmitted by gNB.
· In this KPI, the concept of delay is not included in the number of successfully transmitted packets. For URLLC/delay critical GBR, the numerator in the reliability should be the number of packets successfully transmitted and the transmission delay is within the specified range. This indicator does not meet the requirements.
· 6.8.1.2 Packet transmission reliability KPI in UL on Uu, this KPI describes the Reliability based on Packet Success Rate Percentage between UE and gNB. It is the percentage of PDCP SDU packets which are successfully received in gNB out of the total PDCP SDU packets transmitted by UE.
· In this KPI, the concept of delay is not included in the number of successfully transmitted packets. For URLLC/delay critical GBR, the numerator in the reliability should be the number of packets successfully transmitted and the transmission delay is within the specified range. This indicator does not meet the requirements.
· 6.8.1.3 Packet transmission reliability KPI in DL on N3
· The KPI is performed by UPF and is not in the RAN side.
· 6.8.1.4 Packet transmission reliability KPI in UL on N3
· The KPI is performed by UPF and is not in the RAN side.
2. Latency/delay
(1) TS 28.552
· 5.1.3.4 IP Latency measurements, this clause defines the DL latency in gNB-DU.
· The measurements define the processing latency within gNB-DU not containing the latency in the air interface.
· 5.1.1.1.1 Average delay DL air-interface, this measurement provides the average (arithmetic mean) time it takes for packet transmission over the air-interface in the downlink direction.
· The measurement defines the average delay in a certain statistical period, which cannot meet the requirements of URLLC services for delay statistics granularity.
· 5.1.1.1.2 Distribution of delay DL air-interface, this measurement provides the distribution of the time it takes for packet transmission over the air-interface in the downlink direction.
· The measurement defines the delay distribution of downlink data packets. Different SLAs of URLLC services have different requirements for delay, and a given distribution interval cannot match the requirements of SLAs to evaluate network performance.
· 5.1.1.1.3 Average delay UL on over-the-air interface, this measurement provides the average (arithmetic mean) over-the-air packet delay on the uplink.
· The measurement defines the average delay in a certain statistical period, which cannot meet the requirements of URLLC services for delay statistics granularity.
· 5.1.1.1.4 Average RLC packet delay in the UL, this measurement provides the average (arithmetic mean) RLC packet delay on the uplink, ie the delay within the gNB-DU.
· The measurement defines the processing delay within gNB not containing the delay in the air interface.
· 5.1.1.1.5 Average PDCP re-ordering delay in the UL, this measurement provides the average (arithmetic mean) PDCP re-ordering delay on the uplink, ie the delay within the gNB-CU-UP.
· The measurement defines the processing delay within gNB not containing the delay in the air interface.
· 5.1.1.1.6 Distribution of DL delay between NG-RAN and UE, this measurement provides the distribution of DL packet delay between NG-RAN and UE, which is the delay incurred in NG-RAN (including the delay at gNB-CU-UP, on F1-U and on gNB-DU) and the delay over Uu interface.
· This measurement is mainly for the QoS monitoring function, and performs delay distribution statistics for the data packets indicated by the UPF that need to call the QoS monitoring function.
· 5.1.1.1.7 Distribution of UL delay between NG-RAN and UE, this measurement provides the distribution of UL packet delay between NG-RAN and UE, which is the delay incurred in NG-RAN (including the delay at gNB-CU-UP, on F1-U and on gNB-DU) and the delay over Uu interface.
· This measurement is mainly for the QoS monitoring function, and performs delay distribution statistics for the data packets indicated by the UPF that need to call the QoS monitoring function.
· 5.1.1.1.8 DL packet delay between NG-RAN and PSA UPF, this clause defines the DL delay on N3 interface.
· Theses measurements don’t contain the delay on air interface.
· 5.1.3.3 Packet delay, this clause defines the delay within gNB.
· Theses measurements don’t contain the delay on air interface.
(2) TS 28.554
· 6.3.1.1 Downlink latency in gNB-DU, this KPI describes the gNB-DU part of the packet transmission latency experienced by an end-user.
· The KPI define the processing latency within gNB-DU not containing the latency in the air interface.
· 6.3.1.2 Integrated downlink delay in RAN, KPIs in this clause describe the average packet transmission delay through the RAN part to the UE for network slice subnet and sub-network.
· These KPIs cannot meet the requirements of URLLC services for delay statistics granularity.
· 6.3.1.3 Downlink delay in gNB-DU, KPIs in this clause describe the average packet transmission delay through the gNB-DU part to the UE for NRCellDU, network slice subnet and sub-network.
· These KPIs cannot meet the requirements of URLLC services for delay statistics granularity.
· 6.3.1.4 Downlink delay in gNB-CU-UP, KPIs in this clause describe the average packet transmission delay through the gNB-CU-UP to the gNB-DU for GNBCUUPFunction, network slice subnet and sub-network.
· These KPIs cannot meet the requirements of URLLC services for delay statistics granularity.
· 6.3.1.5 Uplink delay in gNB-DU, KPIs in this clause describe the average packet transmission delay through the gNB-DU part from the UE in a NR cell for NRCellDU, network slice subnet and sub-network.
· These KPIs cannot meet the requirements of URLLC services for delay statistics granularity.
· 6.3.1.6 Uplink delay in gNB-CU-UP, KPIs in this clause describe the average packet transmission delay through the gNB-CU-UP from gNB-DU for GNBCUUPFunction, network slice subnet and sub-network.
· These KPIs cannot meet the requirements of URLLC services for delay statistics granularity.
· 6.3.1.7 Integrated uplink delay in RAN, KPIs in this clause describe the average packet transmission delay through the RAN part from the UE for network slice subnet and sub-network.
· These KPIs cannot meet the requirements of URLLC services for delay statistics granularity.
· 6.3.1. 8 E2E delay for network slice, KPIs in this clause describe the average e2e UL packet delay between the PSA UPF and the UE for network slice subnet and sub-network.
· These KPIs cannot meet the requirements of URLLC services for delay statistics granularity.
Conclusions#2: 
The existing measurements and KPIs related to reliability and latency/delay defined in TS 28.552 and TS 28.554 cannot match the requirements for performance management of network providing URLLC service for the reliability of the air interface on RAN side. A gap/issue is existing and new solutions need to be identified to evaluate reliability in RAN.

4	Detailed proposal
Proposal# New solutions should be investigated to evaluate the reliability performance of NG-RAN providing URLLC service. According to the requirement above, this paper proposes a new algorighm to calculate the reliability in RAN, which is as follows: Calculate the ratio between the number of reliable packets, successfully transmitted packets within a delay threshold, and the total number of packets between UE and gNB, and the result is reliability in RAN.
************************************************************************************************
Here is an example using the new algorithm to calculate reliability in RAN and the traditional packet success rate defined in TS 28.552 as comparison.
Suppose the target reliability in RAN is 90%. The delay threshold is 15ms. 10 packets are transmitted over the air interface, the transmission delay and the transimission result of each packet are listd in the table below.
	Packet number
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Positively or Negatively received
	P
	P
	P
	P
	N
	P
	P
	P
	P
	P

	Transmission delay (ms)
	9
	8
	12
	20
	--
	7
	6
	9
	11
	13



As the delay threshold is 15ms, packets transmitted successfully with delaye no more than 15ms are counted as reliabile. So
The number of reliable packets is 8. 
The number of packets transmitted successfully is 9. 
The number of packets transmitted over the air interface is 10. 
The reliability in RAN = 8/10=80%.
The packets successful rate = 9/10=90%.
In the above example, using the traditional packet success rate as reliability in RAN, which can reach the target of reliability, may cover up the possible problems in RAN network because the actual performance of the network can’t meet the requirement of reliability in RAN. So it’s necessary to figure out a new solution that can provide the actual reliability of NG-RAN.
************************************************************************************************
A new approach to measure reliability in NG-RAN is investigated, which makes the best use of existing measurement.  Detailed description is in S5-233499.
