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1	Decision/action requested
It proposes to discuss and endorse
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3	Rationale
Following are some observations related to URLLC performance measurement and KPIs about reliability and latency.
Observation#1: Clarification of URLLC characteristics and definitions of performance indicators.
URLLC, with the characteristics of ultra-reliable and low latency, has dual requirements for latency and reliability. And the target performance indicators of a URLLC service can be specified by SLA profile. Key performance indicators used to define URLLC service include latency and reliability. Definitions of latency and reliability related concepts are listed as follows:
· Latency: the time that it takes to transfer a given piece of information from a source to a destination, measured at the communication interface, from the moment it is transmitted by the source to the moment it is successfully received at the destination [2].
· 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].
· Communication service reliability: ability of the communication service to perform as required for a given time interval, under given conditions [1].
· Communication service availability: percentage value of the amount of time the end-to-end communication service is delivered according to a specified QoS, divided by the amount of time the system is expected to deliver the end-to-end service [2].

The definition for latency is unique and clear. Here we make some clarifications about the concepts related to reliability.
· Reliability refers to the proportion of successfully transmitted data packets within a certain delay range, the unit is %. Reliability of URLLC service contains the concept of latency in the definition. Reliability is a 3GPP term and addresses the availability of a communication network [1].
· Communication service reliability states the mean value of how long the communication service is available before it becomes unavailable [1]. 
· Communication service availability addresses the availability of a communication service. Reliability covers the communication-related aspects between two nodes (here: end nodes), while communication service availability addresses the communication-related aspects between two communication service interfaces [1].

Conclusions#1: 
· Reliability is a term defined in 3GPP used within a communication network such as 5G. Communication service availability and communication service reliability are both follow the vertical standard IEC 61907 and used between two communication service interfaces which is external to 5G network.
· From the perspective of management of 5G network, the concepts latency and reliability are used to indicate the performance of URLLC service in 5G network.

Observation#2: Requirements for performance management of URLLC service.
Based on the definitions of reliability and latency, requirements for performance management of URLLC service are investigated. From the management aspect, it is necessary to define appropriate measurements or indicators according to the implementation method to evaluating the performance of network providing URLLC service. URLLC services can be implemented by dedicated 5QI. Table 5.7.4-1 in TS 23.501[3] defines the key characteristics of 5QI in 5G network and different 5QIs can be used in different scenarios. The resource type of 5QIs with index 82-90 is delay critical GBR and example services of these 5QIs match the typical application scenarios of URLLC service. As a result, 5QI 82-90 can be used to implement URLLC services.
Based on our investigation, two characteristics for 5QI, Packet Error Rate (PER) and Packet Delay Budget (PDB), can be used to map the requirements for reliability and latency.
Packet Error Rate (PER) for Delay critical GBR 
Section 5.7.3.5 of TS 23.501 has the following description:
**********************************************************************************************
[bookmark: _Toc47342485][bookmark: _Toc45183643][bookmark: _Toc98856899][bookmark: _Toc20149817][bookmark: _Toc27846611][bookmark: _Toc36187739][bookmark: _Toc51769185]5.7.3.5	Packet Error Rate
The Packet Error Rate (PER) defines an upper bound for the rate of PDUs (e.g. IP packets) that have been processed by the sender of a link layer protocol (e.g. RLC in RAN of a 3GPP access) but that are not successfully delivered by the corresponding receiver to the upper layer (e.g. PDCP in RAN of a 3GPP access). Thus, the PER defines an upper bound for a rate of non-congestion related packet losses. The purpose of the PER is to allow for appropriate link layer protocol configurations (e.g. RLC and HARQ in RAN of a 3GPP access). For every 5QI the value of the PER is the same in UL and DL. For GBR QoS Flows with Delay-critical GBR resource type, a packet which is delayed more than PDB is counted as lost, and included in the PER unless the data burst is exceeding the MDBV within the period of PDB or the QoS Flow is exceeding the GFBR.
**********************************************************************************************
That is to say, PER for delay-critical GBR is different from the traditional packet error rate. PER used in delay-critical GBR or URLLC services contains not only the packets transmitted unsuccessfully but also the packets transmitted successfully but delayed more than PDB. And the definition of PDB is introduced as follows. 
Packet Delay Budegt (PDB) for Delay critical GBR 
Section 5.7.3.4 of TS 23.501 has the following description:
**********************************************************************************************
5.7.3.4	Packet Delay Budget
The Packet Delay Budget (PDB) defines an upper bound for the time that a packet may be delayed between the UE and the N6 termination point at the UPF. The PDB applies to the DL packet received by the UPF over the N6 interface, and to the UL packet sent by the UE. For a certain 5QI the value of the PDB is the same in UL and DL. In the case of 3GPP access, the PDB is used to support the configuration of scheduling and link layer functions (e.g. the setting of scheduling priority weights and HARQ target operating points). For GBR QoS Flows using the Delay-critical resource type, a packet delayed more than PDB is counted as lost if the data burst is not exceeding the MDBV within the period of PDB and the QoS Flow is not exceeding the GFBR. For GBR QoS Flows with GBR resource type not exceeding GFBR, 98 percent of the packets shall not experience a delay exceeding the 5QI's PDB.
The 5G Access Network Packet Delay Budget (5G-AN PDB) is determined by subtracting a static value for the Core Network Packet Delay Budget (CN PDB), which represents the delay between any N6 termination point at the UPF (for any UPF that may possibly be selected for the PDU Session) and the 5G-AN from a given PDB.
**********************************************************************************************
It is mentioned above that threshlod of latency of delay critical GBR between UE and UPF is defined by performance characteristic PDB. PDB contains CN PDB and AN PDB, and AN PDB is determined by PDB minus CN PDB. CN PDB can be replaced with a static value when the network structure is stable. Table 5.7.4-1 gives some typical values for CN PDB. Based on this, we can obtain the AN PDB, the latency requirement on the radio network.
Conclusions#2: 
· For the network providing URLLC service, PER and PDB of delay-critical GRB can match the concept of reliability and latency. The concepts for delay-critical GBR is different from those of traditional eMBB, there are new requirements for performance management for URLLC. 
· For the network providing URLLC service, it is the radio network that mainly restricts the latency and reliability performance of the network. Concequently, the key requriements for performance managements is defining measurments and KPIs to evaluating whether the radio network is fullfil the target of latency(PDB) and reliability(PER) of the service (5QI).  Therefore, from the perspective of management, it is necessary to pay more attention to the uplink and downlink delay of radio network including the air interface and the reliability measurement of the uplink and downlink on the radio network.
· For the network providing URLLC service, the specific requiremnets for reliability and latency in RAN side are as follows:
· Reliability in RAN: percentage value of the packets successfully delivered in RAN side within the time constraint required by the targeted service or pre-configured out of all the packets transmitted
· Reliability related measurements of URLLC can be performed in RAN.  The measurement canbe used to evaluate the reliability of radio network providing URLLC service.
· Latency in RAN: the time that it takes to transfer a packet from a source to a destination, measured in RAN side, from the moment it is transmitted by the source to the moment it is successfully received at the destination.
· Latency related measurements of URLLC can be performed in latency. The measurement can be used to evaluated the latency of radio network providing URLLC service.

Observation#3: Measurements and KPIs related to latency and reliability defined in TS 28.552 and 28.554.
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#3: 
· Reliability: The existing measurements and KPIs for reliability defined in 28552 and 28554 cannot meet the requirements for performance management of network providing URLLC service for the reliability of the air interface on RAN side, and new measurements and KPIs need to be added. 
· Latency/delay: The existing measurements and KPIs for latency/delay defined in 28552 and 28554 can be catergorized into three types: gNB internal processing delay, air interface delay and end-to-end delay according to the scope of statistics. The statistical method of measurement and KPIs are mainly obtained by averaging the sampling values in the statistical period. The requirement for latency of radio network providing URLLC service is to obtain the transmission delay of every packet and compare it with the target latency specified by the corresponding SLA. And the statistical result can reflect the network performance accordingly. The existing delay statistics methods cannot meet the above requirements, and new measurements and KPIs need to be added in RAN side.

4	Detailed proposal
[bookmark: _GoBack]Proposal# New measurements and KPIs should be investigated and defined to evaluate the reliability and latency performance of radio network providing URLLC service. Detailed proposal is elaborated in pCR S5-224131 and S5-224158.
