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	1st change


5.1.1.1
Packet Delay
5.1.1.1.1
Average delay DL air-interface

a)
This measurement provides the average (arithmetic mean) time it takes for packet transmission over the air-interface in the downlink direction. The measurement is optionally split into subcounters per PLMN ID, and for each PLMN ID the measurement is optionally further split into subcounters per QoS level (mapped 5QI or QCI in NR option 3) and subcounters per S-NSSAI.

b)
DER (n=1)

c)
This measurement is obtained as: sum of (point in time when the last part of an RLC SDU packet was  sent to the UE which was consequently confirmed by reception of HARQ  ACK from UE for UM mode or point in time when the last part of an RLC SDU packet was sent to the UE which was consequently confirmed by reception of RLC ACK for AM mode, minus time when corresponding RLC SDU part arriving at MAC layer) divided by total number of RLC SDUs transmitted to UE successfully. Separate counters are optionally maintained for each PLMN ID, and each mapped 5QI (or QCI for option 3) per PLMN ID and each S-NSSAI per PLMN ID.

d)
Each measurement is a real representing the mean delay in 0.1 millisecond. 
e)
The measurement name has the form DRB.AirIfDelayDl, 
optionally DRB.AirIfDelayDl.PLMN, where PLMN identifies the PLMN ID, and 
optionally DRB.AirIfDelayDl.PLMN.QOS, where QOS identifies the target quality of service class, and
optionally DRB.AirIfDelayDl.PLMN.SNSSAI, where SNSSAI identifies the S-NSSAI.
f)
NRCellDU

g)
Valid for packet switched traffic

h)
5GS
i)
One usage of this measurement is for performance assurance within integrity area (user plane connection quality).
5.1.1.1.2
Distribution of delay DL air-interface

a)
This measurement provides the distribution of the time it takes for packet transmission over the air-interface in the downlink direction. The measurement is split into subcounters per PLMN ID, and for each PLMN ID the measurement is optionally further split into subcounters per QoS level (mapped 5QI or QCI in NR option 3) and subcunters per S-NSSAI.

b)
DER (n=1)

c)
This measurement is obtained by 1) calculating the DL delay for an RLC SDU packet by: point in the time when the last part of an RLC SDU packet was sent to the UE which was consequently confirmed by reception of HARQ ACK for UM mode or point in time when the last part of an RLC SDU packet was sent to the UE which was consequently confirmed by reception of RLC ACK for AM mode, minus the time when corresponding RLC SDU part arriving at MAC layer; and 2) incrementing the corresponding bin with the delay range where the result of 1) falls into by 1 for the subcounters per PLMN ID, and for the subcounters per QoS level (mapped 5QI or QCI in NR option 3) and subcunters per S-NSSAI for each PLMN ID. If the RLC SDU needs retransmission (for Acknowledged Mode) the delay will still include only one contribution (the original one) to this measurement. 
d)
Each measurement is an integer representing the number of RLC SDU packets measured with the delay within the range of the bin.
e)
DRB.AirIfDelayDist.Bin.PLMN, where PLMN identifies the PLMN ID, and Bin indicates a delay range which is vendor specific;
DRB.AirIfDelayDist.Bin.PLMN.QOS, where QOS identifies the target quality of service class, and Bin indicates a delay range which is vendor specific;
DRB.AirIfDelayDist.Bin.PLMN.SNSSAI, where SNSSAI identifies the S-NSSAI, and Bin indicates a delay range which is vendor specific.
f)
NRCellDU

g)
Valid for packet switched traffic

h)
5GS
i)
One usage of this measurement is for performance assurance within integrity area (user plane connection quality).
5.1.1.1.3
Average delay UL on over-the-air interface
a)
This measurement provides the average (arithmetic mean) over-the-air packet delay on the uplink. The measurement is optionally split into subcounters per PLMN ID, and for each PLMN ID the measurement is optionally further split into subcounters per QoS level (mapped 5QI or QCI in NR option 3) and subcounters per S-NSSAI.

b)
DER (n=1)

c)
This measurement is obtained according to the definition in TS 38.314 [29], named “Average over-the-air interface packet delay in the UL per DRB per UE”. Separate counters are optionally maintained for each PLMN ID, and for each mapped 5QI (or QCI for option 3) per PLMN ID and for each S-NSSAI per PLMN ID. 
d)
Each measurement is a real representing the mean delay in 0.1 millisecond.
e)
The measurement name has the form DRB.AirIfDelayUl, DRB.AirIfDelayUl.PLMN where PLMN identifies the PLMN ID, and DRB.AirIfDelayUl.PLMN.QOS where QOS identifies the target quality of service class, and DRB.AirIfDelayUl.PLMN.SNSSAI, where SNSSAI identifies the S-NSSAI.
f)
NRCellDU.
g)
Valid for packet switched traffic.
h)
5GS.
i)
One usage of this measurement is for performance assurance within integrity area (user plane connection quality).
5.1.1.1.4
Average RLC packet delay in the UL 
a)
This measurement provides the average (arithmetic mean) RLC packet delay on the uplink, ie the delay within the gNB-DU. The measurement is optionally split into subcounters per PLMN ID, and for each PLMN ID the measurement is optionally further split into subcounters per QoS level (mapped 5QI or QCI in NR option 3) and subcounters per S-NSSAI.

b)
DER (n=1)

c)
This measurement is obtained according to the definition in TS 38.314 [29], named “Average RLC packet delay in the UL per DRB per UE”. Separate counters are optionally maintained for each PLMN ID, and for each mapped 5QI (or QCI for option 3) per PLMN ID and for each S-NSSAI per PLMN ID. 
d)
Each measurement is a real representing the mean delay in the unit 0.1 milliseconds. 
e)
The measurement name has the form DRB.RlcDelayUl, DRB.RlcDelayUl.PLMN where PLMN identifies the PLMN ID, and DRB.RlcDelayUl.PLMN.QOS where QOS identifies the target quality of service class, and DRB.RlcDelayUl.PLMN.SNSSAI, where SNSSAI identifies the S-NSSAI.
f)
NRCellDU.
g)
Valid for packet switched traffic.
h)
5GS.
i)
One usage of this measurement is for performance assurance within integrity area (user plane connection quality).
5.1.1.1.5
Average PDCP re-ordering delay in the UL 
a)
This measurement provides the average (arithmetic mean) PDCP re-ordering delay on the uplink, ie the delay within the gNB-CU-UP. The measurement is optionally split into subcounters per PLMN ID, and for each PLMN ID the measurement is optionally further split into subcounters per QoS level (mapped 5QI or QCI in NR option 3) and subcounters per S-NSSAI.

b)
DER (n=1)

c)
This measurement is obtained according to the definition in TS 38.314 [29], named “Average PDCP re-ordering delay in the UL per  DRB per UE. Separate counters are optionally maintained for each PLMN ID, and for each mapped 5QI (or QCI for option 3) per PLMN ID and for each S-NSSAI per PLMN ID. 
d)
Each measurement is a real representing the mean delay in the unit 0.1 milliseconds. 
e)
The measurement name has the form DRB.PdcpReordDelayUl, DRB.PdcpReordDelayUl.PLMN where PLMN identifies the PLMN ID, and DRB.PdcpReordDelayUl.PLMN.QOS where QOS identifies the target quality of service class, and DRB.PdcpReordDelayUl.PLMN.SNSSAI, where SNSSAI identifies the S-NSSAI.
f)
GNBCUUPFunction
g)
Valid for packet switched traffic.
h)
5GS.
i)
One usage of this measurement is for performance assurance within integrity area (user plane connection quality).
5.1.1.1.6
Distribution of DL delay between NG-RAN and UE
a)
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 split into subcounters per PLMN ID, and for each PLMN ID the measurement is optionally further split into subcounters per 5QI and subcounters per S-NSSAI.
b)
DER (n=1).

c)
The measurement is obtained by the following method: 


The gNB performs the GTP PDU packet delay measurement for QoS monitoring per the GTP PDU monitoring packets received from UPF, and records the following time stamps and information included in the GTP-U header of each GTP PDU monitoring response packet (packet i) sent to UPF (see 23.501 [4] and 38.415 [31]):

-
The DL Delay Result from NG-RAN to UE indicating the downlink delay measurement result which is the sum of 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 (see 38.415 [31], and the DL Delay Result is denoted by[image: image2.png]DRdl



 in the present document);
-
The 5QI and S-NSSAI associated to the GTP PDU monitoring response packet.


The gNB  increments the corresponding bin with the delay range where the [image: image4.png]DRdI



 falls into by 1 for the subcounters per PLMN ID, and subcounters per 5QI and subcounters per S-NSSAI for each PLMN ID.

d)
Each measurement is an integer representing the number of GTP PDUs measured with the delay within the range of the bin.
e)
DRB.DelayDlNgranUeDist.PLMN.Bin, where Bin indicates a delay range which is vendor specific, and PLMN identifies the PLMN ID; 
DRB.DelayDlNgranUeDist.PLMN.5QI.Bin, where Bin indicates a delay range which is vendor specific, and 5QI identifies the 5QI; 
DRB.DelayDlNgranUeDist.PLMN.SNSSAI.Bin, where Bin indicates a delay range which is vendor specific, and SNSSAI identifies the S-NSSAI.

f)
NRCellCU (for non-split and 2-split scenario);
GNBCUUPFunction (for 3-split scenario).

g)
Valid for packet switched traffic.

h)
5GS.

5.1.1.1.7
Distribution of UL delay between NG-RAN and UE
a)
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 split into subcounters per PLMN ID, and for each PLMN ID the measurement is optionally further split into subcounters per 5QI and subcounters per S-NSSAI.
b)
DER (n=1).

c)
The measurement is obtained by the following method: 


The gNB performs the GTP PDU packet delay measurement for QoS monitoring per the GTP PDU monitoring packets received from UPF, and records the following time stamps and information included in the GTP-U header of each GTP PDU monitoring response packet (packet i) sent to UPF (see 23.501 [4] and 38.415 [31]):

-
The UL Delay Result from UE to NG-RAN indicating the uplink delay measurement result which is the sum of 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 (see 38.415 [31], and the UL Delay Result is denoted by[image: image6.png]DRul



 in the present document);
-
The 5QI and S-NSSAI associated to the GTP PDU monitoring response packet.


The gNB  increments the corresponding bin with the delay range where the [image: image8.png]DRul



falls into by 1 for the subcounters per PLMN ID, and subcounters per 5QI and subcounters per S-NSSAI for each PLMN ID.

d)
Each measurement is an integer representing the number of GTP PDUs measured with the delay within the range of the bin. 

e)
DRB.DelayUlNgranUeDist.PLMN.Bin, where Bin indicates a delay range which is vendor specific, and PLMN identifies the PLMN ID; 
DRB.DelayUlNgranUeDist.PLMN.5QI.Bin, where Bin indicates a delay range which is vendor specific, and 5QI identifies the 5QI; 
DRB.DelayUlNgranUeDist.PLMN.SNSSAI.Bin, where Bin indicates a delay range which is vendor specific, and SNSSAI identifies the S-NSSAI.

f)
NRCellCU (for non-split and 2-split scenario);
GNBCUUPFunction (for 3-split scenario).

g)
Valid for packet switched traffic.

h)
5GS.
5.1.1.1.8
DL packet delay between NG-RAN and PSA UPF
5.1.1.1.8.1
Average DL GTP packet delay between PSA UPF and NG-RAN
a)
This measurement provides the average DL GTP packet delay between PSA UPF and NG-RAN. This measurement is split into subcounters per PLMN ID, and for each PLMN ID the measurement is optionally further split into subcounters per 5QI and subcounters per S-NSSAI. This measurement is only applicable to the case the PSA UPF and NG-RAN are time synchronised. 
b)
DER (n=1).

c)
The measurement is obtained by the following method: 

The UPF samples the GTP packets for QoS monitoring based on the policy provided by OAM or SMF.

NOTE:  The sampling rate may vary for different S-NSSAI and different 5QIs, and the specific sampling rate is up to implementation unless given by the QoS monitoring policy. 


For each DL GTP PDU (packet i) encapsulated with QFI, TEID, and QMP indicator for QoS monitoring, the gNB records the following time stamps and information (see 23.501 [4] and 38.415 [31]):

- 
T1 received in the GTP-U header indicating the local time that the DL GTP PDU was sent by the PSA UPF;

-
T2 that the DL GTP PDU was received by NG-RAN;

-
The 5QI and S-NSSAI associated to the DL GTP PDU.


The gNB counts the number (N) of DL GTP PDUs encapsulated with QFI, TEID, and QMP indicator for each 5QI and each S-NSSAI respectively, and takes the following calculation for each PLMN ID, each 5QI per PLMN ID and each S-NSSAI per PLMN ID:
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d)
Each measurement is a real representing the average delay in microseconds. 

e)
GTP.DelayDlPsaUpfNgranMean.PLMN, where PLMN identifies the PLMN ID; 
GTP.DelayDlPsaUpfNgranMean.PLMN.5QI, where 5QI identifies the 5QI; 
GTP.DelayDlPsaUpfNgranMean.PLMN.SNSSAI, where SNSSAI identifies the S-NSSAI.
f)
EP_N3 (contained by GNBCUUPFunction).
g)
Valid for packet switched traffic.

h)
5GS.

5.1.1.1.8.2
Distribution of DL GTP packet delay between PSA UPF and NG-RAN

a)
This measurement provides the distribution of DL GTP packet delay between PSA UPF and NG-RAN. This measurement is split into subcounters per 5QI and subcounters per S-NSSAI. This measurement is only applicable to the case the PSA UPF and NG-RAN are time synchronised. 
b)
DER (n=1).

c)
The measurement is obtained by the following method: 

The UPF samples the GTP packets for QoS monitoring based on the policy provided by OAM or SMF.

NOTE:  The sampling rate may vary for different S-NSSAI and different 5QIs, and the specific sampling rate is up to implementation unless given by the QoS monitoring policy. 


For each DL GTP PDU (packet i) encapsulated with QFI, TEID, and QMP indicator for QoS monitoring, the gNB records the following time stamps and information (see 23.501 [4] and 38.415 [31]):

- 
T1 received in the GTP-U header indicating the local time that the DL GTP PDU was sent by the PSA UPF;

-
T2 that the DL GTP PDU was received by NG-RAN;

-
The 5QI and S-NSSAI associated to the DL GTP PDU.


The gNB 1) takes the following calculation for each DL GTP PDU (packet i) encapsulated with QFI, TEID, and QMP indicator for each 5QI and each S-NSSAI respectively, and 2) increment the corresponding bin with the delay range where the result of 1) falls into by 1 for the subcounters per PLMN ID, subcounters per 5QI for each PLMN ID and subcounters per S-NSSAI for each PLMN ID.
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d)
Each measurement is an integer representing the number of GTP PDUs measured with the delay within the range of the bin.

e)
GTP.DelayDlPsaUpfNgranDist.PLMN.Bin, Where Bin indicates a delay range which is vendor specific, and PLMN identifies the PLMN ID;
GTP.DelayDlPsaUpfNgranDist.PLMN.5QI.Bin, Where Bin indicates a delay range which is vendor specific, and 5QI identifies the 5QI; 
GTP.DelayDlPsaUpfNgranDist.PLMN.SNSSAI.bin, Where Bin indicates a delay range which is vendor specific, and SNSSAI identifies the S-NSSAI.

f)
EP_N3 (contained by GNBCUUPFunction).
g)
Valid for packet switched traffic.

h)
5GS.
	Next change


A.4
Monitoring of UL and DL user plane delay in NG-RAN
Satisfying low packet delay is of prime concern for some services, particularly conversational services like speech and instant messaging. As the performance in UL and DL differs, it is important for operators to be able to monitor the UL and DL user plane delay separately. With performance measurements allowing the operator to obtain or derive the UL and DL user plane delay information separately, the operators can pinpoint the services performance problems to specific problems in UL or DL.

The DL delay monitoring in gNB refers to the delay of any packet within NG-RAN, including air interface delay until the UE receives the packet. A gNB deployed in a split architecture, the user plane delay will occur in gNB-CU-UP, on the F1 interface, in gNB-DU and on the air interface. Therefore, the delay measurements related to the four segments needs to be monitored for the DL delay to pinpoint where end user impact from packet delay occurs.
The average DL delay needs to be measured to give a general indication of the delay performance; further more the delay distributions (into bins with delay ranges) need to be measured, to tell the occurrences about the packets with each certain range of delay and better reflect the user experience. 

The UL delay monitoring in gNB refers to the delay of any packet within NG-RAN, including air interface delay until the packet leaves gNB-CU-UP. There are 4 components associated to UL delay (UL over-the-air interface delay, gNB-DU delay, F1-U delay, CU-UP delay). Therefore, the delay measurements related to these four segments needs to be monitored for the UL delay to pinpoint where end user impact from packet delay occurs. The beamforming capabilities of the NRCellDU and of the UE can be different. This might create a difference in the successful reception probability of the DL data transmitted by the gNB-DU, versus the UL data transmitted by the UE as the later might involve more retransmission than the former one. This will increase the UL over-the-air delay compared to the DL over-the-air delay.
For multi-operator RAN sharing scenario, different operators may have different requirements on the packet delay. It is of great importance to enable each operator to monitor the packet delay within its PLMN, also it helps the operators to pinpoint the network and service performance problems in a specific PLMN.
Different network slices may have different requirements on the delay, so the delay needs to be measured for each S-NSSAI.  

To further pinpoint a detected delay performance problem, the packet delay measurement separation may be based on mapped 5QI (or for QCI in case of NR option 3).
NOTE: It is an asumtion that the DL/UL delay on the F1 interface is equal, only DL measurement is defined. 
	Next change


A.67
Monitoring of distribution of integrated delay in NG-RAN
The integrated DL/UL packet delay in NG-RAN, i.e., the delay between NG-RAN and UE (including the delay at gNB-CU-UP, on F1-U and on gNB-DU for split scenario and the delay over Uu interface) is one significant part of the e2e delay that has direct impact to users’ experience for some types of services (e.g., URLLC).

Besides the average integrated delay in NG-RAN which can reflect whether or not the users experience can be met on average, it is very useful for operator to know how many (percents of) data packets are with satfistfied delay perfomance, and how many are not with satisfied performance and how far they are from the satisfied performance. Therefore, the distribution of integrated delay in NG-RAN needs to be monitored.

As each S-NSSAI or 5QI has different requirements on the delay, so the distribution of integrated delay in NG-RAN needs to be monitored per S-NSSAI and per 5QI.
For multi-operator RAN sharing scenario, different operators may have different S-NSSAI or 5QI requirements on the packet delay, so the distribution of integrated delay in NG-RAN per S-NSSAI and per 5QI for each PLMN needs to be monitored, too.
	End of changes


