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	Reason for change:
	In addition to increased flexibility and optimization, a 5G system needs to support stringent KPIs for latency, reliability, throughput, etc. These KPIs are driven by support for both commercial and public safety services. On the commercial side, industrial control, industrial automation, UAV control, and AR are examples of those services. The 5G system also aims to enhance its capability to meet KPIs that emerging V2X applications require. For such advanced applications, the requirements, such as data rate, reliability, latency, communication range and speed, are made more stringent. If something can affect the customer’s experience, it has to be monitored. So like latency and throughput , in 5G and advanced cellular systems “Reliability” is also very important performance factor that should be monitored for number of such advanced services some of which are mentioned above.Furthermore, in TS 28.541, reliability is defined as an attribute of ServiceProfile, which means a NS consumer can request some particular reliability to be offered by the network slice provider. Hence reliability has to be monitored and for this a KPI has to be defined. One of it’s prominent usage and requirement is in URLLC use cases where an operator network’s slices particularly cater to such service requirements. Furthermore,TS 22.261 & TS 22.289 already define Reliability as “in the context of network layer packet transmissions, percentage value of the amount of sent network layer packets successfully delivered to a given system entity within the time constraint required by the targeted service, divided by the total number of sent network layer packets”. Same principle is considered in current proposal to define Reliability KPI

	
	

	Summary of change:
	Reliability KPI is introduced in a 5G network in both downlink and uplink and is defined for RAN domain i.e. for Uu interface and for Core domain i.e. N3 interface. Annex explains how E2E reliability can be derived in a network

	
	

	Consequences if not approved:
	Insufficent and limited set of KPIs continue for a 5G network as far as reliability is considered which is a very important performance factor in 5G and future networks with advanced use cases. Reliability as performance cannot be monitored in an operator’s network and any deragadation in end user experience due to poor reliability in network can not be checked and improvised.
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[bookmark: _Toc20141982][bookmark: _Toc27476473][bookmark: _Toc35961010][bookmark: _Toc44494670][bookmark: _Toc45099078][bookmark: _Toc51751891][bookmark: _Toc51752249][bookmark: _Toc58578582][bookmark: _Toc82683423]6.8	Reliability KPI
[bookmark: _Toc20141983][bookmark: _Toc27476474][bookmark: _Toc35961011][bookmark: _Toc44494671][bookmark: _Toc45099079][bookmark: _Toc51751892][bookmark: _Toc51752250][bookmark: _Toc58578583][bookmark: _Toc82683424]6.8.1	Reliability KPI in 5G networks
In the context of network layer packet transmissions, Reliability is defined as the 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.
[bookmark: _Toc20141986][bookmark: _Toc27476477][bookmark: _Toc35961014][bookmark: _Toc44494674][bookmark: _Toc45099082][bookmark: _Toc51751895][bookmark: _Toc51752253][bookmark: _Toc58578586][bookmark: _Toc82683427]6.8.1.1	Downlink Reliability – RAN based
a)	DLRelPSR_Uu
b)	This KPI describes the Reliability based on Packet Success Rate(PSR) Percentage between gNB and UE. It is used to evaluate the Uu interface reliability contribution to the total network downlink reliability. It is the percentage of RLC SDU packets which are successfully received in UE out of the total RLC SDU packets transmitted by gNB. It is a measure of the DL packet delivery success i.e. PSR% over Uu interface. It is a percentage value (%). This KPI can optionally be split into KPIs per QoS level (mapped 5QI or QCI in NR option 3) and per S-NSSAI.
c)	Below is the equation for downlink Reliability in RAN based on PSR percentage between gNB and UE.
           DLRelPSR_Uu  =     ×  100 , where N(T1,drbid) & Dloss(T1,drbid) are as defined in TS 38.314.           
            or optionally DLRelPSR_Uu.QoS =      ×  100, where QoS identifies the target QoS quality of service class.
            or optionally DLRelPSR_Uu.SNSSAI =     ×  100, 
           where SNSSAI identifies the S-NSSAI.
  d) 	NRCellDU

[bookmark: _Toc20141985][bookmark: _Toc27476476][bookmark: _Toc35961013][bookmark: _Toc44494673][bookmark: _Toc45099081][bookmark: _Toc51751894][bookmark: _Toc51752252][bookmark: _Toc58578585][bookmark: _Toc82683426]6.8.1.2	Uplink Reliability – RAN based
a)	ULRelPSR_Uu
b)	This KPI describes the Reliability based on Packet Success Rate Percentage between UE and gNB. It is used to evaluate the Uu interface reliability contribution to the total network uplink reliability. It is the percentage of PDCP SDU packets which are successfully received in gNB out of the total PDCP SDU packets transmitted by UE. It is a measure of the UL packet delivery success i.e. PSR% over Uu interface. It is a percentage value (%). This KPI can optionally be split into KPIs per QoS level (mapped 5QI or QCI in NR option 3) and per S-NSSAI.
c)	ULRelPSR_Uu = DRB.PacketSuccessRateUlUu × 100 , where DRB_PacketSuccessRateUlUu is as defined in TS 28.552
or optionally ULRelPSR_Uu.QoS = DRB.PacketSuccessRateUlUu.QOS × 100, where QoS identifies the target QoS quality of service class. 
or optionally ULRelPSR_Uu.SNSSAI = DRB.PacketSuccessRateUlUu.SNSSAI × 100, where SNSSAI identifies the S-NSSAI.
d)	NRCellCU 

[bookmark: _Toc44494676][bookmark: _Toc45099084][bookmark: _Toc51751897][bookmark: _Toc51752255][bookmark: _Toc58578588][bookmark: _Toc82683429]6.8.1.3           Downlink Reliability – Core based
a)	DLRelPSR_N3
[image: ]b)	This KPI describes the Reliability based on Packet Success Rate(PSR) Percentage between UPF and gNB. It is used to evaluate the N3 interface reliability contribution to the total network downlink reliability. It is the percentage of GTP data PDUs which are successfully received by gNB out of the total GTP data PDUs transmitted by UPF over N3 interface. It is a measure of the DL packet delivery success i.e. PSR% over N3 interface. It is a percentage value (%). This KPI can optionally be split into KPIs per QoS level (mapped 5QI or QCI in NR option 3) and per S-NSSAI.
      c)  DLRelPSR_N3   =                                     

     where GTP.OutDataPktN3UPF , GTP.InDataPktPacketLossN3gNB are as defined in TS 28.552
[image: ]     or optionally, 
           DLRelPSR_N3.QoS =                                                                                                                         
     
    where QoS identifies the target QoS quality of service class. 
[image: ]     or optionally,
     DLRelPSR_N3.SNSSAI   =   

           where SNSSAI identifies the S-NSSAI.
d)	UPFFunction, NRCellCU
 
[bookmark: _Toc45099085][bookmark: _Toc51751898][bookmark: _Toc51752256][bookmark: _Toc58578589][bookmark: _Toc82683430]6.8.1.4	Uplink Reliability – Core based
a)	ULRelPSR_N3
[image: ]b)	This KPI describes the Reliability based on Packet Success Rate(PSR) Percentage between gNB and UPF. It is used to evaluate the N3 interface reliability contribution to the total network uplink reliability. It is the percentage of GTP data PDUs which are successfully received by UPF out of the total GTP data PDUs transmitted by gNB over N3 interface. It is a measure of the UL packet delivery success i.e. PSR% over N3 interface. It is a percentage value (%). This KPI can optionally be split into KPIs per QoS level (mapped 5QI or QCI in NR option 3) and per S-NSSAI.
     c)   ULRelPSR_N3 =
     
      where GTP.InDataPktN3UPF , GTP.InDataPktPacketLossN3UPF are as defined in TS 28.552
[image: ]      or optionally, 
           ULRelPSR_N3.QoS  =
           
           where QoS identifies the target QoS quality of service class.
           or optionally,
[image: ]            
            ULRelPSR_N3.SNSSAI = 
                                      
            where SNSSAI identifies the S-NSSAI.
      d)   UPFFunction
        
	Next change



A.18 Use case for end-to-end Reliability measurements of 5G network-related KPI
The end-to-end reliability is an important performance parameter for operating 5G network. In some scenarios (e.g. uRLLC), if end-to-end reliability is insufficient, the 5G network customer cannot obtain guaranteed network performance provided by the network operator. So it is necessary to assess end-to-end reliability of network with the help of related measurements of packet delivery success to evaluate whether the end-to-end reliability that network customer requested has been satisfied. A procedure is invoked by network management system and is used:
-	to update the CSMF/NSMF with the end-to-end reliability parameter for monitoring;
-	to inform the network customer/network operator the end-to-end reliability;
-	to make CSMF/NSMF aware if the end-to-end reliability can meet network customer’s service requirement.
If low end-to-end reliability is measured, it is also of benefit to pinpoint where in the chain from UE to UPF (or vice-versa) that the lower reliability occurs. 
Throughout the URLLC Network slice, same or different PSR% might exist on different interfaces. If it is same the reliability KPI of a slice can be calculated at any one segment of network i.e between UE and gNB or between gNB and UPF. In case, if it is not same the implementations may choose to calculate the PSR% of a URLLC slice at any interface deemed appropriate for the operator for its reliability KPI or it can calculate E2E reliability KPI as per the mechanism shown below :
Assume that in uplink, RAN slice subnet and Core slice subnet reliability i.e. ULRelPSR_Uu.SNSSAI & ULRelPSR_N3.SNSSAI is known to the operator. Now operator wants to know if in a given time frame, X number of packets are transmitted by UE then out of X, how many packets can be successfully received in UPF i.e. what is its End to End Reliability based on PSR percentage.This can be calculated as in equation below -
ULRelPSR_E2E = [{(X× ULRelPSR_Uu.SNSSAI) × (ULRelPSR_N3.SNSSAI)} ÷ X] × 100
Suppose X = 1000000, ULRelPSR_Uu.SNSSAI = 99.98% , ULRelPSR_N3.SNSSAI = 99.99% , then
ULRelPSR_E2E = [{(1000000 × .9998) × (.9999)} ÷ 1000000] × 100 
                    = [{(999800) × (.9999)} ÷ 1000000] × 100
                    = [{999700} ÷ 1000000] × 100
                    = [.999700] × 100
                    = 99.97 %
Explanation of above calculation is that out of 1 million packets sent by UE, 999800 packets are successfully received in gNB because reliability over Uu interface is 99.98%. Now these 999800 packets will be sent over N3 interface as GTP-U packets towards UPF. Since PSR % between gNB and UPF is 99.99% so based on that, out of 999800 packets sent over N3 interface, 999700 packets are successfully received in UPF. So finally out of 1 million packets sent by UE,  999700 packets are received successfully in UPF, hence E2E Reliability KPI value is 99.97 %. So E2E reliability is the combination (multiplication) of RAN and Core interfaces reliabilities based on packet success rate.

	End of change
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