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	First change


[bookmark: _Toc58578650][bookmark: _Toc138162182]6.7.2.3	Energy efficiency of URLLC network slice
[bookmark: _Toc138162183]6.7.2.3.1	Introduction
This KPI is defined with threetwo variants.
[bookmark: _Toc138162184]6.7.2.3.2	Based on latency of the network slice
a) EEURLLC,Latency
b) A KPI that shows the energy efficiency of network slices of type URLLC. The Pns for a network slice of type URLLC is the inverse of the average end-to-end User Plane (UP) latency of the network slice. In this KPI variant, latency are the only factor considered for evaluating the performance of network slice.
[image: ]
, where ‘Network slice mean latency’ is defined as the average end-to-end User Plane (UP) latency of the network slice, and where the average end-to-end User Plane (UP) latency for one S-NSSAI is defined by:
[image: ]
This KPI is obtained by the inverse of the average end-to-end User Plane (UP) latency of the network slice divided by the energy consumption of the network slice. The unit of this KPI is (0.1ms * J)-1.
c) 
[image: ]

d) NetworkSlice
[bookmark: _Toc138162185]6.7.2.3.3	Based on both latency and Data Volume (DV) of the network slice
a) EEURLLC,DV,Latency
b) A KPI that shows the energy efficiency of network slices of type URLLC. The Pns for a network slice of type URLLC is the sum of UL and DL traffic volumes at N3 or N9 interface(s) on a per S-NSSAI basis multiplied by the inverse of the end-to-end User Plane (UP) latency of the network slice. In this KPI variant, data volume and latency are two factors considered for evaluating the performance of network slice. This KPI is applicable for the cases where, for example, the URLLC network slice is deployed and operators want to evaluate the Energy Efficiency of the slice at different periods of time, such as the busy hours in the morning and the idle hours in the mid night,  in which both latency performance and the data volume performance can vary.
[image: ]
where
[image: ]
[image: ]
wN3 and wN9 are the weight for DVN3 and DVN9 respectively. wN3 and wN9 can be decided according to the deployment of PSA UPF. For example, in cases where PSA UPF has only N9 tunnels, such as the ones described in TS 23.501[2] clause 5.6.4 and clause 5.33.2.2, wN3 can be set to 0 and WN9 can be set to 1, so that only N9 interface is considered. In the cases where PSA UPF has only N3 tunnels, wN3 can be set to 1 and wN9 can be set to 0, so that only N3 interface is considered.
This KPI is obtained by the product of the sum of the weighted UL and DL traffic data volumes at N3 interface(s) or N9 interface of the PSA UPF of the network slice multiplied by the inverse of the end-to-end User Plane (UP) latency of the network slice, divided by the energy consumption of the network slice. The unit of this KPI is bit/(0.1ms*J).
c) 
[image: ]

d) NetworkSlice
e) In case of redundant transmission paths for high reliability communication (TS 23.501 [7] clause 5.33.2), it is expected that the data volume is counted once. In particular:
- In case of Dual Connectivity based end to end Redundant User Plane Paths ( TS 23.501 [7] clause 5.33.2.1), in which a UE may set up two redundant PDU Sessions over the 5G network, the Data Volume related to only one PDU session is to be considered;
- In case of redundant transmission with two N3 tunnels between the PSA UPF and a single NG-RAN node (TS 23.501 [7] figure 5.33.2.2-1) which are associated with a single PDU Session, the Data Volume related to only one N3 tunnel is to be considered;
- In case of two N3 and N9 tunnels between NG-RAN and PSA UPF for redundant transmission ( TS 23.501 [7] figure 5.33.2.2-2) associated with a single PDU Session, the Data Volume related to only one of the multiple N3/N9 tunnels for redundant transmission connecting to PSA UPF is considered. The main reason for this is that, if the traffic is counted more than once, it will increase artificially the EEURLLC,DV,Latency KPI.
The 3GPP management system in charge of collecting the data volume measurements listed here above shall consider them only once in case of redundant transmission over the N3/N9 interface.
	Second change




6.7.2.3.4	Based on Reliability of the network slice
a) EEURLLC,Reliability
b) A Energy Efficiency KPI of a URLLC network slice based on its reliability performance. Since generic EE KPI formula of a slice is the ratio of Performance of network slice to the Energy Consumption of network slice hence EEURLLC,Reliability is given as below:
	[image: ]
Equation 1
    where PNS is the performance of a network slice, thus here, performance of Network Slice is in terms of its reliability and hence PNS is denoted as PURLLC,Reliability. ECNS is the Energy Consumption of the slice as specified in TS 28.554 [2] clause 6.7.3.3.
    Reliability performance of URLLC slice i.e. PURLLC,Reliability can be judged by "Packet Success Rate percentage" (PSR%).
          So, in this case, PURLLC,Reliability is denoted by PURLLC,Reliability,PSR and is defined as:
	[image: ]
Equation 2
          where:
     PSR% is Packet Success Rate percentage and is calculated over different interfaces and direction (UL/DL) as explained in below sections;
     X is the total number of bits of packets sent over an interface in a URLLC slice, within the considered time frame T1. 
It can be obtained by the measurements defined in clauses 5.4.1.4 & 5.1.2.1.2.1 of TS 28.552 for DL and    UL respectively.
            NOTE: 	Measurement from clause 5.4.1.4 needs to be multiplied by 8.
If PURLLC,Reliability,PSR is divided by Energy Consumption of network slice (ECNS), then EE KPI i.e.    EEURLLC,Reliability is obtained. It tells that "with an evaluated reliability (PSR%), how many packets can be successfully sent per Joule of energy in a URLLC slice in a given time frame constraint". With PSR% based approach the EEURLLC,Reliability of a URLLC slice has the unit of bits per Joule.
c)  Thus, EE KPI is given by: 
	[image: ]
Equation 3
Specifically, EE KPI in DL and UL is given by equations 4 and 5 as below:     
[bookmark: _MCCTEMPBM_CRPT66760012___4][image: ]
Equation 4

[bookmark: _MCCTEMPBM_CRPT66760013___4][image: ]
Equation 5
PURLLC,Reliability,PSR can be calculated independently for DL and UL directions. EEURLLC,Reliability can be calculated per interface and per DL and UL direction.
Throughout the slice, the same or different PSR% might exist on different interfaces.
# If it is same, the PSR % (reliability) 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 e.g. N3 or if end to end PSR% reliability is required, then it can consider combined (multiplied) PSR% reliability of all the interfaces together.
      Reliability calculation for uplink over Uu interface – PURLLC,Reliability,PSR is obtained for Uu interface by using PSR% calculated in equation below:
[bookmark: _MCCTEMPBM_CRPT66760014___4]PSRUL,Uu = ULRelPSR_Uu.SNSSAI
Equation 6
[bookmark: _MCCTEMPBM_CRPT66760015___4]
where PSRUL,Uu is equal to ULRelPSR_Uu.SNSSAI which is PSR% in UL for Uu interface per SNSSAI as defined in TS 28.554 [2] clause 6.8.1.2.
      Reliability calculation for downlink over Uu interface: PURLLC,Reliability,PSR is obtained for Uu interface by using corresponding PSR% as calculated in equation below.
[bookmark: _MCCTEMPBM_CRPT66760016___4]PSRDL,Uu = DLRelPSR_Uu.SNSSAI 
Equation 7

where PSRDL,Uu is equal to DLRelPSR_Uu.SNSSAI which is PSR% in DL for Uu interface per SNSSAI as defined in TS 28.554 [2] clause 6.8.1.1.
     Reliability calculation over N3 interface in uplink: PURLLC,Reliability,PSR is obtained for N3 interface by using PSR% calculated in equation below. It is based on number of GTP data packets measurement.
[bookmark: _MCCTEMPBM_CRPT66760018___4]PSRUL,N3 = ULRelPSR_N3.SNSSAI
Equation 8
where PSRUL,N3 is equal to ULRelPSR_N3.SNSSAI which is PSR% in UL for N3 interface per SNSSAI as defined in TS 28.554 [2] clause 6.8.1.4.
      Reliability calculation over N3 interface in downlink: PURLLC,Reliability,PSR is obtained for N3 interface by using PSR% calculated in equation below. It is based on number of GTP data packets measurement. 
[bookmark: _MCCTEMPBM_CRPT66760020___4]PSRDL,N3 = DLRelPSR_N3.SNSSAI
Equation 9
where PSRDL,N3 is equal to DLRelPSR_N3.SNSSAI which is PSR% in DL for N3 interface per SNSSAI as defined in TS 28.554 [2] clause 6.8.1.3.
            Thus,
       # end to end PSR% Reliability in UL = PSRUL,Uu × PSRUL,N3
       # end to end PSR% Reliability in DL = PSRDL,Uu × PSRDL,N3
These end to end PSR% values in DL and UL will be fed in equation 2. Accordingly, equations 4 and 5 will provide Energy efficiency value for URLLC network slice in DL and UL respectively.

d) NetworkSlice


	End of changes



[bookmark: _GoBack]
image4.emf



<latexit sha1_base64="2rGkZR5FOZ8JCkD6ey5t7FNvR9U="></latexit>



PURLLC,DV,Latency =
wN3 ⇤DVN3 + wN9 ⇤DVN9



(DelayE2EUlNs+DelayE2EDlNs)











image5.emf



<latexit sha1_base64="8zEe40qW3TNbnAP8wS5sifLxr3g="></latexit>



DV N3 =



X



PSA UPF



8 ⇤ (GTP.OutDataOctN3UPF.SNSSAI + GTP.InDataOctN3UPF.SNSSAI)











image6.emf



<latexit sha1_base64="domeg7R4tg85o/vY29eZF3Njt3c="></latexit>



DVN9 =



X



PSA UPF



8 ⇤ (GTP.OutDataOctN9PsaUpf.SNSSAI + GTP.InDataOctN9PsaUpf.SNSSAI)











image7.emf



<latexit sha1_base64="4mEqIHHBShoxrAh4h8WkqL2ony0="></latexit>
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