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Introduction
RAN2 received LS from SA5 on additional L2 measurements in R2-1808786/S5-193622 in Busan RAN2#102:

R2-1808786	LS on L2 measurement specification for NR in R15 (S5-193622; contact: Ericsson)
=>	Second question is left to RAN3 to answer
=>	Discuss previous LS based on contributions to this meeting, and then can discuss these new measurements offline after that discussion

As stated in the LS, agreed measurements to TS 28.552 in SA5 meeting #119 are: 
· DL delay measurements performed in gNB-DU and gNB-CU (S5-183576)
· DL latency measurements performed in gNB-DU (S5-183577). 
· UE Context Release initiated by gNB-DU, measured in gNB-CU-CP (S5-183559).
· PRB usage measurements (S5-183600).
· PRB usage measurements distribution (S5-183587).
· RRC connection number measurements mean/max (S5-183562).

Those measurement are also copied to the Annex for information.
[bookmark: _Ref178064866]Discussion
DL delay measurements in gNB-DU and gNB-CU
[bookmark: _Hlk513760405]pCR S5-183576 discusses DL delay measurements in the gNB-DU and gNB-CU. Overall delay is split to 4 different parts, delay in the CU, delay over F1-U, delay in the DU and air transmission delay.
The proposed measurements are following:
1) PDCP SDU delay on the downlink within the gNB-CU-UP, for all PDCP packets. Delay is from the arrival of the packet at NG-U ingress IP termination to the time when sending the packet to the gNB-DU. The measurement is optionally split into subcounters per QoS level (5QI or QCI in NR option 3).

2) GTP packet delay on the F1-U interface. The measurement is optionally split into subcounters per QoS level (5QI or QCI in NR option 3).

3) RLC SDU delay on the downlink within the gNB-DU, for all RLC packets. This is time between RLC SDU to the RLC ingress termination point until the last part of an RLC SDU is scheduled and sent to the MAC layer for transmission over the air. The measurement is optionally split into subcounters per QoS level (5QI or QCI in NR option 3).

4) Air-interface delay: Average delay from the MAC ingress to the successful transmission of the DL packet (according to received HARQ feedback) for a given RLC SDU. The measurement is optionally split into subcounters per QoS level (5QI or QCI in NR option 3).


It can be seen that PDCP SDU delay (1) corresponds to the PDCP queue delay and RLC SDU delay corresponds to the RLC queue delay (3). Then air interface delay corresponds to MAC and HARQ delay. So in principle, this measurement is similar to LTE measurement in 36.314 for DL packet delay (from incoming PDCP SDU until successful HARQ feedback) except that measurement is divided to 4 parts. So it can be considered that performing such measurements are feasible.

However, for measurements in CU, as discussed in R2-1809992, one new thing is that instead of QCI, measurement is done per 5QI. In principle, 5QI is not known in the PDCP protocol, so it is not possible to know the (original) 5QI for each PDCP packet for a DRB if several QoS flows are mapped to the same DRB. However, as explained in R2-1809992, it is possible perform the measurement per mapped 5QI used for the DRB instead of the 5QI of the individual flow. 
For measurements in the DU, 5QI is not known in the gNB-DU and thus this measurement cannot currently be performed per each QoS flow separately. However, the measurements can be performed per each RLC entity which would then correspond to the QoS treatment of all flows.
In Option 3 case, QCI is known in the eNB and thus measurements can be done per QCI.
In general, RAN3 is responsible for CU-DU split and thus feasibility of measurements need to be confirmed in RAN3 as well.
Finally, GTP packet delay in F1-.U should be discussed in RAN3 instead.

IP latency measurements
[bookmark: _Hlk513761046]pCR S5-183577 discusses IP latency measurements in DL:
[bookmark: _Hlk517278639]- This measurement is obtained as: sum of (time when the first piece of an RLC SDU transmitted on the air interface, minus time of arrival of the same packet at the RLC ingress F1-U termination, for IP packets arriving when there is no other prior data to be transmitted to the same UE in the gNB-DU) divided by total number of RLC SDUs arriving at the RLC ingress F1-U termination when there is no other prior data to be transmitted to the same UE in the gNB-DU. Separate counters are optionally maintained for each 5QI (or QCI for option 3).
It is assumed that the measurement is feasible from RAN2 point of view. However, similar to previous measurement,  5QI is not known in the gNB-DU and thus this measurement cannot currently be performed per each QoS flow separately. However, the measurements can be performed per each RLC entity which would then correspond to the QoS treatment of all flows.

UE context release
[bookmark: _Hlk513761292]S5-183557 includes UE context release measurement. This measurement provides the number of UE CONTEXT Release initiated by gNB-DU for each release cause.
RAN3 should look this instead of RAN2.
DL/UL Total PRB Usage
pCR S5-183600 discussed PRB utilisation (average).

1) This measurement provides the total usage (in percentage) of physical resource blocks (PRBs) on the downlink for any purpose.
2) 






This measurement is obtained as: , where is the DL total PRB usage, which is percentage of PRBs used, averaged during time period  with value range: 0-100%; is a count of full physical resource blocks and all PRBs used for DL traffic transmission shall be included; is total number of PRBs available for DL traffic transmission during time period ; and is the time period during which the measurement is performed.
UL PRB usage is similar to DL case.
We note that this measurement is similar to LTE PRB measurement. As PRBs have been defined in NR L1 as well, we consider that this measurement is feasible. Even the duration of a resource block in terms of number of OFDM symbols is flexible in NR due to mini-slots, this measurement can be understood as the percentage of occupied time-frequency resources.
DL Total PRB usage distribution
pCR S5-180587 provides measurement for DL PRB usage distribution. Similar to the previous section, this measurement is similar to LTE and thus is feasible from RAN2 point of view
Mean/Max number for RRC connections
pCR S5-183562 discusses the mean and max number of RRC connections:
a) First measurement provides the mean number of users in RRC connected mode during each granularity period.
b) Second measurement provides the maximum number of users in RRC connected mode during each granularity period.

This is performed in the CU. This is quite similar to LTE measurement on the number of active UEs except that in the 5G measurement, all UEs are counted, not only ones having active transmission.
From RAN2 point of view, the measurement is simple and feasible.

Conclusion
In this contribution, feasibility of L2 measurements are discussed. It is proposed to answer along the analysis presented in this contribution and also CC RAN3.
Reply to SA5 along the analysis in this contribution and CC RAN3.

[bookmark: _GoBack]Draft LS is given in R2-1809994 (combining reply to both LSs from SA5).
Annex A S5-183576
5.1	Performance measurements and assurance data for gNB-CU
5.1.3	Packet Delay
5.1.3.1	Average delay DL in CU-UP
a) This measurement provides the average (arithmetic mean) PDCP SDU delay on the downlink within the gNB-CU-UP, for all PDCP packets. The measurement is optionally split into subcounters per QoS level (5QI or QCI in NR option 3).
b) DER (n=1)
c) This measurement is obtained as: sum of (time when sending a PDCP SDU to the gNB-DU at the egress PDCP layer on F1-U/Xn-U, minus time of arrival of the same packet at NG-U ingress IP termination) divided by total number of PDCP SDUs arriving at NG-U ingress IP termination. Separate counters are optionally maintained for each 5QI (or QCI for option 3).
d) Each measurement is an integer representing the mean delay in microseconds. The number of measurements is equal to one. If the optional QoS level measurement is perfomed, the number of measurements is equal to the number of 5QIs. 
e) The measurement name has the form DRB.PdcpSduDelayDl or optionally DRB.PdcpSduDelayDl.QOS where QOS identifies the target quality of service class. 
f) GNBCUUPFunction (ENGNBCUUPFunction for QCI measurement in NR option 3) 
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) in a 3-split gNB scenario.
5.1.3.2	Average delay on F1-U
a) This measurement provides the average (arithmetic mean) GTP packet delay on the F1-U interface. The measurement is optionally split into subcounters per QoS level (5QI or QCI in NR option 3).
b) DER (n=1)
c) This measurement is obtained as: the time when receiving a GTP packet delivery status message from the gNB-DU at the egress GTP termination, minus time when sending the same packet to gNB-DU at the GTP ingress termination, minus feedback delay time in gNB-DU, obtained result is divided by two. Separate counters are optionally maintained for each 5QI (or QCI for option 3).
d) Each measurement is an integer representing the mean delay in microseconds. The number of measurements is equal to one. If the optional QoS level measurement is perfomed, the number of measurements is equal to the number of 5QIs. 
e) The measurement name has the form DRB.PdcpF1Delay or optionally DRB.PdcpF1Delay.QOS where QOS identifies the target quality of service.GNBCUUPFunction (ENGNBCUUPFunction for QCI measurement in NR option 3)
f) Valid for packet switched traffic
g) 5GS
h) One usage of this measurement is for performance assurance within integrity area (user plane connection quality) in a 3-split gNB scenario.
5.2	Performance measurements and assurance data for gNB-DU
5.2.3	Packet Delay
5.2.3.1	Average delay DL in gNB-DU
a) This measurement provides the average (arithmetic mean) RLC SDU delay on the downlink within the gNB-DU, for all RLC packets. The measurement is optionally split into subcounters per QoS level (5QI or QCI in NR option 3).
b) DER (n=1)
c) [bookmark: _Hlk517362116]This measurement is obtained as: sum of (time when the last part of an RLC SDU was scheduled and sent to the MAC layer for transmission over the air, minus time of arrival of the same packet at the RLC ingress F1-U termination) divided by total number of RLC SDUs arriving at the RLC ingress F1-U termination. Separate counters are optionally maintained for each 5QI (or QCI for option 3). Each measurement is an integer representing the mean delay in microseconds. The number of measurements is equal to one. If the optional QoS level measurement is perfomed, the number of measurements is equal to the number of 5QIs. 
d) The measurement name has the form DRB.RlcSduDelayDl or optionally DRB.RlcSduDelayDl.QOS where QOS identifies the target quality of service class.
e) GNBDuFunction.NRCellDU (ENGNBDUFunction.NRCellDU for QCI measurements in NR option 3)
f) Valid for packet switched traffic
g) 5GS
h) One usage of this measurement is for performance assurance within integrity area (user plane connection quality) in a 3-split gNB scenario. 
5.2.3.2	Average delay DL air-interface
a) This measurement provides the average (arithmetic mean) time it takes to get a reponse back on a HARQ transmission in the downlink direction. The measurement is optionally split into subcounters per QoS level (5QI or QCI in NR option 3).
b) DER (n=1)
c) This measurement is obtained as: sum of (time when the last part of an RLC SDU packet was received by the UE according to received HARQ feedback information, minus time when the first part of the same packet was transmitted over the air) divided by total number of RLC SDUs arriving at MAC lower SAP. Separate counters are optionally maintained for each 5QI (or QCI for option 3).
d) Each measurement is an integer representing the mean delay in microseconds. The number of measurements is equal to one. If the optional QoS level measurement is perfomed, the number of measurements is equal to the number of 5QIs.
e) The measurement name has the form DRB.AirIfDelayDl or optionally DRB. AirIfDelayDl.QOS, where QOS identifies the target quality of service class.
f) GNBDuFunction.NRCellDU (ENGNBDUFunction.NRCellDU for QCI measurements in NR option 3)
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) in a 3-split gNB scenario.

Annex B S5-183577
5.2.4	IP Latency measurements
5.2.4.1	IP Latency in DL
a) This measurement provides the average IP Latency in DL (arithmetic mean) within the gNB-DU, when there is no other prior data to be transmitted to the same UE in the gNB-DU. The measurement is optionally split into subcounters per QoS level.
b) DER (n=1)
c) [bookmark: _Hlk517362195]This measurement is obtained as: sum of (time when the first piece of an RLC SDU transmitted on the air interface, minus time of arrival of the same packet at the RLC ingress F1-U termination, for IP packets arriving when there is no other prior data to be transmitted to the same UE in the gNB-DU) divided by total number of RLC SDUs arriving at the RLC ingress F1-U termination when there is no other prior data to be transmitted to the same UE in the gNB-DU. Separate counters are optionally maintained for each 5QI (or QCI for option 3).
d) Each measurement is an integer representing the average latency in microseconds. The number of measurements is equal to one. If the optional QoS level measurement is performed, the number of measurements is equal to the number of supported 5QIs. 
e) The measurement name has the form DRB.RlcSduLatencyDl or optionally DRB.RlcSduLatencyDl.QOS where QOS identifies the target quality of service class
f) GNBDUFunction.NRCellDU (ENGNBDUFunction.NRCellDU for QCI measurements in NR option 3)
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) in a split gNB scenario.
Annex C S5-183559
5.1	Performance measurements and assurance data for gNB-CU
5.1.1	Performance measurements and assurance data for gNB-CU-CP
5.1.1.X		UE Context Release Request (gNB-DU initiated) 
a)   This measurement provides the number of UE CONTEXT Release initiated by gNB-DU for each release cause.
b)   GAUGE
c) Transmission of an UE CONTEXT RELEASE REQUEST message initiated by gNB-DU. Each release request is to be added to the relevant cause measurement. The possible causes are defined in 38.473 [6]. The sum of all supported per causes measurements shall equal the total number of UE CONTEXT Release initiated by gNB-DU. In case only a subset of per cause measurements is supported, a sum subcounter will be provided first.
d) Each measurement is an integer value. The number of measurements is equal to the number of causes plus a possible sum value identified by the .sum suffix.
e)  The measurement name has the form UECNTX.RelReq.Cause where Cause identifies the release cause.
f) Valid for packet switched traffic 
h) 5GS
Annex D S5-183600
5.2	Performance measurements and assurance data for gNB-DU
5.2.x	Radio resource utilization related measurements
5.2.x.y	DL Total PRB Usage
3) This measurement provides the total usage (in percentage) of physical resource blocks (PRBs) on the downlink for any purpose.
4) SI 
5) 






This measurement is obtained as: , where is the DL total PRB usage, which is percentage of PRBs used, averaged during time period  with value range: 0-100%; is a count of full physical resource blocks and all PRBs used for DL traffic transmission shall be included; is total number of PRBs available for DL traffic transmission during time period ; and is the time period during which the measurement is performed.
6) A single integer value from 0 to 100.
7) RRU.PrbTotDl, which indicates the DL PRB Usage for all traffic
8) GNBDUFunction.NRCellDU 
9) Valid for packet switched traffic
10) 5GS
11) One usage of this measurement is for monitoring the load of the radio physical layer , for both 2 split and 3 split gNB scenarios.
5.2.x.z	UL Total PRB Usage
a) This measurement provides the total usage (in percentage) of physical resource blocks (PRBs) on the uplink for any purpose.
b) SI
c) 






This measurement is obtained as: , where is the UL total PRB usage, which is percentage of PRBs used, averaged during time period  with value range: 0-100%; is a count of full physical resource blocks and all PRBs used for UL traffic transmission shall be included; is total number of PRBs available for UL traffic transmission during time period ; and is the time period during which the measurement is performed
d) A single integer value from 0 to 100.
e) RRU.PrbTotUl, which indicates the UL PRB Usage for all traffic
f) GNBDUFunction.NRCellDU
g) Valid for packet switched traffic
h) 5GS
i) One usage of this measurement is for monitoring the load of the radio physical layer , for both 2 split and 3 split gNB scenarios.
[bookmark: _Toc505590759]Annex E S5-183587
5.2	Performance measurements and assurance data for gNB-DU
5.2.x	Radio resource utilization related measurements
5.2.x.y	Distribution of DL Total PRB Usage
a) This measurement provides the distribution of samples with total usage (in percentage) of physical resource blocks (PRBs) on the downlink in different ranges. This measurement is a useful measure of whether a cell is under high loads or not in the scenario which a cell in the downlink may experience high load in certain short times (e.g. in a second) and recover to normal very quickly.
b) CC
c) Each measurement sample is obtained as: , where  is total PRB usage at sample n for DL, which is a percentage of PRBs used, averaged during time period tn with value range: 0-100%;  is a count of full physical resource blocks and all PRBs used for DL traffic transmission shall be included;is the total number of PRBs available for DL traffic transmission during time period tn and n is the sample with time period tn during which the measurement is performed.
Distribution of total PRB usage is calculated in the time-frequency domain only. The reference point is the Service Access Point between MAC and L1. The distribution of PRB usage provides the histogram result of the samples collected during time period T.
Depending on the value of the sample, the proper bin of the counter is increased. The number of samples during one measurement period is provided by the operator.
d) A set of integers. Each representing the (integer) number of samples with a DL total PRB percentage usage in the range represented by that bin.
e) RRU.PrbTotDlDist.BinX, which indicates the distribution of DL PRB Usage for all traffic.
f) GNBDUFunction.NRCellDU
g) Valid for packet switched traffic
h) 5GS
i) One usage of this measurement is for monitoring the load of the radio physical layer , for both 2 split and 3 split gNB scenarios5.2.x.z	Distribution of UL Total PRB Usage
a) This measurement provides the distribution of samples with total usage (in percentage) of physical resource blocks (PRBs) on the uplink in different usage ranges. This measurement is a useful measure of whether a cell is under high loads or not in the scenario which a cell in the uplink may experience high load in certain short times (e.g. in a second) and recover to normal very quickly.
b) CC
c) Each measurement sample is obtained as: , where  is total PRB usage at sample n for UL, which is a percentage of PRBs used, averaged during time period tn with value range: 0-100%;  is a count of full physical resource blocks and all PRBs used for UL traffic transmission shall be included;is the total number of PRBs available for UL traffic transmission during time period tn and n is the sample with time period tn during which the measurement is performed.
Distribution of total PRB usage is calculated in the time-frequency domain only. The reference point is the Service Access Point between MAC and L1. The distribution of PRB usage provides the histogram result of the samples collected during time period T.
Depending on the value of the sample, the proper bin of the counter is increased. The number of samples during one measurement period is provided by the operator.
d) A set of integers, each representing the (integer) number of samples with a UL PRB percentage usage in the range represented by that bin.
e) RRU.PrbTotUlDist.BinX, which indicates the distribution of UL PRB Usage for all traffic.
f) GNBDUFunction.NRCellDU
g) Valid for packet switched traffic
h) 5GS
i) One usage of this measurement is for monitoring the load of the radio physical layer , for both 2 split and 3 split gNB scenarios.5.2	Performance measurements and assurance data for gNB-DU
Annex F S5-183562

5.1	Performance measurements and assurance data for gNB-CU
5.1.x	RRC connection number
5.1.x.y	Mean number of RRC Connections
c) This measurement provides the mean number of users in RRC connected mode  during each granularity period.
d) SI.
e) This measurement is obtained by sampling at a pre-defined interval, the number of users in RRC connected mode for each NR cell and then taking the arithmetic mean.
f) A single integer value.
g) RRC.ConnMean
h) NRCellCU 
i) Valid for packet switched traffic
j) 5GS
k) One usage of this measurement is for monitoring the number of RRC connections in connected mode during the granularity period, for both 2 split and  3 split gNB scenarios.
[bookmark: _Toc359846053]5.1.x.z	Max number of RRC Connections
a) [bookmark: _Toc359846054]This measurement provides the maximum number of users in RRC connected mode during each granularity period.
b) SI.
c) This measurement is obtained by sampling at a pre-defined interval, the number of users in RRC connected mode for each NR cell and then taking the maximum.
d) A single integer value.
e) RRC.ConnMax
f) NRCellCU
g) Valid for packet switched traffic
h) 5GS
i) One usage of this measurement is for monitoring the number of RRC connections in connected mode during the granularity period, for both 2 split and 3 split gNB scenarios.
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