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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK421][bookmark: OLE_LINK422]In RAN3#101bis meeting, we have started to discuss the topic of RAN-centric data collection and utilization for LTE and NR, and a running TR37.816[1][2] has been agreed. The TR mainly includes the use cases name of this study item, and the content of use cases, architecture and other parts are still empty and should be discussed further.
In this contribution, we intend to discuss the L2 measurements related issues and analyze the differences between NR and LTE. In the end of this contribution, we attach a draft TP in the Annex.
Discussion
0. [bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK11][bookmark: OLE_LINK10]Overview
[bookmark: OLE_LINK423][bookmark: OLE_LINK424]Performance measurements for gNB have been standardization by SA5 in TS 28.552[3] R15. LSs from SA5 asked RAN2 and RAN3 to analyze and define the performance measurements for gNB in RAN2 specifications. Due to tight time schedule, RAN2 did not standardize the measurements in R15. RAN3 replied in R3-186232 that “The L2 measurement that may involve both RAN2 and RAN3 may be discussed and determined in the scope of the “RAN-centric data collection and utilization” SI”[4]. Therefore in R16, a new RAN specification should be introduced to include RAN2/RAN3 related L2 measurement events.
[bookmark: OLE_LINK184][bookmark: OLE_LINK185]Observation 1: A new RAN specification such as TS38.314 should include all RAN2/RAN3 related L2 measurements in stage3. 
[bookmark: OLE_LINK210][bookmark: OLE_LINK211]In TS28.552[3], SA5 gave very detailed contents of multiple statistics, and includes the descriptions, solutions, formulas, units.etc. But in the Study item “RAN-centric data collection and utilization” of RAN, to fill in the TR37.816 of stage2 only the solutions of possible statistics should be included. And the details such as formulas, units could be filled in the stage3 specification in subsequence.
[bookmark: OLE_LINK420][bookmark: OLE_LINK30][bookmark: OLE_LINK31]Proposal 1:  Adopt the solutions part in TS28.552 of appropriate statistics and fill them in TR37.816, which may need some revisions before filling.
To introduce the L2 measurements requested by SA5 to RAN, the questions below should be clarified first for every measurement statistic:
[bookmark: OLE_LINK510][bookmark: OLE_LINK511]Question1: Whether the same classification and definition of statistics as SA5 should be used for RAN specification?
Question 2: Whether the nodes/sites and granularity used for statistics calculation and record should be aligned with SA5 specification?
In section2.2, we will list all the measurements proposed by SA5, and try to make clarifications will the questions above.
0. L2 measurements in network side
1. [bookmark: OLE_LINK20][bookmark: OLE_LINK21]Measurement for all gNB deployment scenarios
[bookmark: OLE_LINK176][bookmark: OLE_LINK182][bookmark: OLE_LINK183][bookmark: OLE_LINK186][bookmark: OLE_LINK187][bookmark: OLE_LINK188]This section lists performance measurement events which have no relationship with CU-DU split and CP-UP split in TS28.552[3]. Following events are included:
Packet delay
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK83][bookmark: OLE_LINK84]• Average delay DL air-interface
This measurement provides the average (arithmetic mean) time it takes to get a response back on a HARQ transmission in the downlink direction.
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK85]This measurement could be used for performance assurance within integrity area (user plane connection quality) together with the Average delay on CU-UP /F1-U/gNB-DU mentioned by SA5.
	[bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK88]Q1
	The average delay is classified to air-interface, CU-UP, F1-U and gNB-DU.
[bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK86][bookmark: OLE_LINK87]Since the classification is defined by SA5, the average delay could be identified in different part of the RAN nodes, or sum all the partial delays to achieve a P2P delay. Current classification gave by SA5 could be continue to use.
[bookmark: OLE_LINK623][bookmark: OLE_LINK624][bookmark: OLE_LINK236][bookmark: OLE_LINK237][bookmark: OLE_LINK357][bookmark: OLE_LINK358][bookmark: OLE_LINK355][bookmark: OLE_LINK356]One question is: If for non-spilt gNB deployment scenario, a single measurement of DL average packet delay could be defined similar as LTE does. But to align with the CU-DU split scenario, air-interface delay with the same statistic nodes could be maintained. To achieve a P2P delay, the delay from SDAP to RLC should be considered. This will be reflected in section 2.2.2 below.

	Q2
	[bookmark: OLE_LINK520][bookmark: OLE_LINK521][bookmark: OLE_LINK598][bookmark: OLE_LINK599][bookmark: OLE_LINK625][bookmark: OLE_LINK626][bookmark: OLE_LINK596][bookmark: OLE_LINK597][bookmark: OLE_LINK512][bookmark: OLE_LINK513][bookmark: OLE_LINK619][bookmark: OLE_LINK620]For air-interface part, SA5 intent to record the average delay of granularity of 5QI/QCI in DU. In TS38.473 of F1AP[5], it could be concluded that DU can only aware a DRB mapping to which QoS flow(s)/5QI(s), but which 5QI mapping to a specific packet cannot be distinguished clearly by DU. So to use a standardized method, the statistic could only be recorded per DRB if use RLC SDU, and one (group of) statistic result(s) could be corresponded to multiple QoS flows which mapped into the same DRB (implementation).
[bookmark: OLE_LINK605][bookmark: OLE_LINK606][bookmark: OLE_LINK614][bookmark: OLE_LINK611][bookmark: OLE_LINK612][bookmark: OLE_LINK615][bookmark: OLE_LINK616][bookmark: OLE_LINK627][bookmark: OLE_LINK628][bookmark: OLE_LINK629]In 38.473[5], besides “Flows Mapped to DRB Item(s)” which indicates the mapping between DRB and QoS  flow(s), “DRB QoS” could be another configuration part. The “DRB QoS” includes a group of QoS related parameters which could be achieved based on network implementation. “DRB QoS” and “Flows Mapped to DRB Item(s)” use the same IE of “9.3.1.45	QoS Flow Level QoS Parameters”.
	>>>DRB Information
	
	1
	
	Shall be used for NG-RAN cases

	[bookmark: OLE_LINK602][bookmark: OLE_LINK603]>>>>DRB QoS
	M
	
	9.3.1.45
	

	>>>>S-NSSAI
	M
	
	9.3.1.38
	

	>>>>Notification Control
	O
	
	9.3.1.56
	

	[bookmark: OLE_LINK600][bookmark: OLE_LINK601]>>>>Flows Mapped to DRB Item
	
	1 .. <maxnoofQoSFlows>
	
	

	>>>>>QoS Flow Indicator
	M
	
	9.3.1.63
	

	>>>>>QoS Flow Level QoS Parameters
	M
	
	9.3.1.45
	


[bookmark: OLE_LINK630][bookmark: OLE_LINK631]For non-spilt gNB deployment scenario, 5QI cannot be mapped clearly to specific packet below SDAP layer, but the same network implementation to calculate a “DRB QoS” could also be performed by gNB.
[bookmark: OLE_LINK632][bookmark: OLE_LINK633]To collect the statistics in DU for spilt gNB, or to collect the statistics in RLC/MAC/PHY layer for non-spilt gNB, the 5QI include in “DRB QoS” could be utilized, but this parameter is not the real 5QI of the QoS flow but is a “mapping 5QI” which could be used for all the packets of this DRB. This has been clarified by RAN3 and SA5[6][7].


[bookmark: OLE_LINK378][bookmark: OLE_LINK379]Observation 2: For non-spilt gNB deployment scenario, some statistics are missing.
[bookmark: OLE_LINK634][bookmark: OLE_LINK522][bookmark: OLE_LINK523][bookmark: OLE_LINK524][bookmark: OLE_LINK617][bookmark: OLE_LINK618]Observation 3: For statistic collected in RLC/MAC/PHY(in DU), the granularity of real 5QI per QoS flow cannot be achieved, but there could be some implementations to identify the “mapped 5QI” of the statistic which is DRB level.

Radio resource utilization
[bookmark: OLE_LINK216][bookmark: OLE_LINK217][bookmark: OLE_LINK646][bookmark: OLE_LINK647]• UL/DL Total PRB Usage
This measurement provides the total usage (in percentage) of physical resource blocks (PRBs) on the uplink/downlink for any purpose.
• Distribution of UL/DL Total PRB Usage
This measurement provides the distribution of samples with total usage (in percentage) of physical resource blocks (PRBs) on the uplink/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 uplink/downlink may experience high load in certain short times (e.g. in a second) and recover to normal very quickly.
	Q1
	[bookmark: OLE_LINK131][bookmark: OLE_LINK132]Total PRB usage has already been included in LTE L2 measurement. In NR, SA5 add distribution statistic of total PRB usage. The distributed result could use the measurement results in multiple samples, and each measurement is performed in a time period tn. 
[bookmark: OLE_LINK525][bookmark: OLE_LINK526]Since after recording enough samples, the distribution of this statistic could be calculated, RAN measurement could only base on the non-distribution statistic of SA5 definition.

	Q2
	This measurement is calculated in PHY. 
Since the “DRB QoS”(mentioned in Packet Delay statistic) could be obtained by the RLC/MAC/PHY layers (traffic would be scheduled based on its QoS parameters i.e. bearers with high QOS requirement would be scheduled with high priority), it may be possible to collect the PRB usage with “DRB QoS”(QCI/5QI and ARP) level. Then one usage of this statistic is to optimize pre-emption in MLB. For example, there are three neighbor cells i.e.cell1, cell2 and cell3. The PRB usage of both cell1 and cell2 are 90%.However, the traffic in cell 1 could be pre-empted by other QoS flows while the traffic in cell 2 could not be pre-empted. In this case, cell3 would rather handover the UE to cell 1 than cell 2.


Observation 4: The distribution of this statistic could be calculated from the measurement results of multiple samples, and RAN measurement could only base on the non-distribution statistic of SA5 definition.
Proposal 2: Distributed statistic mentioned by SA5 need not to be considered in standardize of RAN measurement.
[bookmark: OLE_LINK648][bookmark: OLE_LINK649]Proposal 3: “UL/DL Total PRB Usage” could be collected with “DRB QoS” level.

UE throughput
[bookmark: OLE_LINK228][bookmark: OLE_LINK229][bookmark: OLE_LINK345]• Average UL/DL UE throughput in gNB
[bookmark: OLE_LINK230][bookmark: OLE_LINK231]This measurement provides the average UE throughput in uplink/downlink. This measurement is intended for data bursts that are large enough to require transmissions to be split across multiple slots. The UE data volume refers to the total volume scheduled for each UE regardless if using only primary- or also supplemental aggregated carriers. 
• Distribution of UL/DL UE throughput in gNB
[bookmark: OLE_LINK234][bookmark: OLE_LINK235]This measurement provides the distribution of the UE throughput in uplink/downlink. This measurement is intended for data bursts that are large enough to require transmissions to be split across multiple slots. The UE data volume refers to the total volume scheduled for each UE regardless if using only primary- or also supplemental aggregated carriers.
	[bookmark: OLE_LINK127][bookmark: OLE_LINK128]Q1
	[bookmark: OLE_LINK133][bookmark: OLE_LINK134][bookmark: OLE_LINK143][bookmark: OLE_LINK144]RAN measurement could base on SA5 definition.
And it has been already mentioned above that distributed statistic need not to be considered for RAN measurement definition.

	Q2
	This measurement records RLC level volume of a data burst, excluding the data transmitted in the slot when the buffer is emptied. It is similar with the LTE solution which uses PDCP SDU as data volume.
To use RLC SDU, the uncertainty of F1-U delay could be avoided, and RAN could all follow the definition of SA5.


[bookmark: OLE_LINK238][bookmark: OLE_LINK239][bookmark: OLE_LINK346][bookmark: OLE_LINK347]• Volume of unrestricted UL/DL UE data in gNB
[bookmark: OLE_LINK135][bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK138]This measurement provides the percentage of UL/DL data volume for UEs in the cell that is classified as unrestricted, i.e., when the volume is so low that all data can be transferred in one slot and no UE throughput sample could be calculated. The UE data volume refers to the total volume scheduled for each UE regardless if using only primary- or also supplemental aggregated carriers. 
	Q1
	[bookmark: OLE_LINK139][bookmark: OLE_LINK140]This measurement defined by SA5 is the percentage of data volume which is classified as unrestricted, not the data volume itself. 
The volume is collected on RLC SDU level. RAN measurement could base on SA5 definition.

	Q2
	To use RLC SDU, DU could be used for such record as SA5 mentioned.



RRC connection number
• Mean number of RRC Connections
This measurement provides the mean number of users in RRC connected mode during each granularity period.
• Max number of RRC Connections
This measurement provides the maximum number of users in RRC connected mode during each granularity period.
	Q1
	The UE number statistic in LTE is in the scope of L2 measurement with the name “Number of active UEs”. It is performed by collecting the UE number for which there is buffered data in MAC, RLC or PDCP for the DL for DRBs in time period T.
This measurement request by SA5 is an L3 statistic of RRC. Therefore whether to reuse the definition of UE number statistic in LTE, or to use the definition of RRC max and/or mean UE number requested by SA5 should be considered. 
But if SA5 definition is adopted, this measurement is an RRC statistic but not a L2 measurement statistic.



[bookmark: OLE_LINK677]Observation 5: The definition of UE number statistic requested by SA5 is totally different from the definition in LTE L2 measurement.
[bookmark: OLE_LINK678][bookmark: OLE_LINK679]Proposal 4: Discuss which definition (by SA5, or by LTE L2 measurement) is applied in NR.
Proposal 5: UE number related measurements are not defined in RAN L2 measurement if adopt the definition of SA5.

PDU Session Management
• Number of PDU Sessions requested to setup
This measurement provides the number of PDU Sessions in the PDU SESSION RESOURCE SETUP REQUESTs received by the gNB from AMF. This measurement is split into subcounters per S-NSSAI.
• Number of PDU Sessions successfully setup
This measurement provides the number of PDU Sessions successfully setup by the gNB for the PDU SESSION RESOURCE SETUP REQUESTs received from AMF. This measurement is split into subcounters per S-NSSAI.
[bookmark: OLE_LINK240][bookmark: OLE_LINK241]• Number of PDU Sessions failed to setup
This measurement provides the number of PDU Sessions failed to setup by the gNB for the PDU SESSION RESOURCE SETUP REQUESTs received from AMF. This measurement is split into subcounters per failure cause.
	Q1
	All the sub-statistics reflect the PDU sessions related performance from AMF, which are not in scope of RAN measurement. 


Proposal 6: PDU sessions management related measurements are not defined in RAN L2 measurement.

Mobility Management
Currently mobility management only includes inter-gNB handovers related statistics.
[bookmark: OLE_LINK283]• Number of requested handover preparations
This measurement provides the number of handover preparations requested by the source gNB.
• Number of successful handover preparations
This measurement provides the number of successful handover preparations received by the source NR cell CU.
• Number of failed handover preparations
This measurement provides the number of failed handover preparations received by the source NR cell CU. This measurement is split into subcounters per failure cause.
• Number of requested handover resource allocations
This measurement provides the number of handover resource allocation requests received by the target NR cell CU.
• Number of successful handover resource allocations
This measurement provides the number of successful handover resource allocations at the target NR cell CUfor the handover.
[bookmark: OLE_LINK281][bookmark: OLE_LINK282]• Number of failed handover resource allocations
This measurement provides the number of failed handover resource allocations at the target NR cell CUfor the handover. This measurement is split into subcounters per failure cause.
	Q1
	All the sub-statistics reflect the number of Xn/NG messages, which are L3 measurement in RAN3 scope which has no relationship with L2 measurement.


Proposal 7: Mobility management related measurements are not defined in RAN L2 measurement.

TB related measurement
[bookmark: OLE_LINK311][bookmark: OLE_LINK312][bookmark: OLE_LINK284]• Total number of UL/DL initial TBs
This measurement provides the total number of initial TBs transmitted on the uplink/downlink in a cell. HARQ re-transmissions are excluded from this measurement.This measurement is optionally split into subcounters per modulation schema.
• Error number of UL/DL initial TBs
This measurement provides the number of initial faulty TBs transmitted on the uplink/downlink in a cell. This measurement is optionally split into subcounters per modulation schema.
• Total number of UL/DL TBs
This measurement provides the total number of TBs transmitted on the uplink/downlink in a cell. The measurement is split into subcounters per layer at MU-MIMO case. This measurement includes all transmitted TBs (including the successful and failed TBs during initial transmission and HARQ re-transmission).
• Total error number of UL/DL TBs
This measurement provides the number of total faulty TBs transmitted on the uplink/downlink in a cell .The measurement is split into subcounters per layer at MU-MIMO case. This measurement includes all transmitted faulty TBs of initial transmission and re-transmission.
• Residual error number of UL/DL TBs
This measurement provides the number of final faulty TBs transmitted on the uplink/downlink in a cell at last HARQ re-transmissions.
	Q1
	All the TB related measurements are RAN measurement could base on SA5 definition.

	Q2
	To collect TB related information, DU could be used for such record as SA5 mentioned.



PDU session modification
• Number of requested PDU session modifications (UE initiated)
This measurement provides the number of PDU session modification requests (initiated by UE) received by the SMF.
• Number of successful PDU session modifications (UE initiated)
This measurement provides the number of successful PDU session modifications (initiated by UE) acknowledged by the SMF.
• Number of failed PDU session modifications (UE initiated)
This measurement provides the number of failed PDU session modifications (initiated by UE) responded by the SMF. This measurement is split into subcounters per failure cause.
• Number of requested PDU session modifications (SMF initiated)
This measurement provides the number of PDU session modification requests (initiated by SMF) sent by the SMF to AMF.
• Number of successful PDU session modifications (SMF initiated)
This measurement provides the number of successful PDU session modifications (initiated by SMF) acknowledged by the SMF.
[bookmark: OLE_LINK90][bookmark: OLE_LINK91]• Number of failed PDU session modifications (SMF initiated)
This measurement provides the number of failed PDU session modifications (initiated by SMF) responded by the SMF. This measurement is split into subcounters per failure cause.
	[bookmark: OLE_LINK162][bookmark: OLE_LINK163]Q1
	[bookmark: OLE_LINK680][bookmark: OLE_LINK681][bookmark: OLE_LINK682][bookmark: OLE_LINK683]Similar as PDU Session management. All the sub-statistics reflect the PDU sessions related performance. These sub-statistics are collected by SMF and not in the scope of RAN measurement. 


Proposal 8: PDU sessions modification related measurements are not defined in RAN L2 measurement.

PDU session release
• Number of released PDU sessions (AMF initiated)
This measurement provides the number of released PDU sessions (initiated by AMF) at the SMF. There could be several reasons for the AMF to request release of PDU sessions, for instance the mismatch of PDU Session status between UE and AMF. This step may also be invoked due to a change of the set of network slices for a UE where a network slice instance is no longer available, as described in TS 23.501 clause 5.15.5.2.2, or the PDU Session(s) is not accepted by the T-AMF (e.g. S-NSSAI associated with the PDU Session is not available in the T-AMF). This measurement is split into subcounters per S-NSSAI and subcounters per cause.
	Q1
	Similar as PDU Session management. All the sub-statistics reflect the PDU sessions related performance. These sub-statistics are collected by SMF and not in the scope of RAN measurement.


Proposal 9: PDU sessions release related measurements are not defined in RAN L2 measurement.

DRB session Management
• Number of DRBs attempted to setup
This measurement provides the number of DRBs attempted to setup to support all requested QoS flows in the PDU sessions to be setup by the INITIAL CONTEXT SETUP REQUESTs, PDU SESSION RESOURCE SETUP REQUESTs and PDU SESSION RESOURCE MODIFY REQUEST message received by the gNB from AMF. This measurement is split into subcounters per mapped 5QI and per S-NSSAI.
• Number of DRBs successfully setup
This measurement provides the number of DRBs successfully setup to support all requested QoS flows in the PDU sessions to be setup by the INITIAL CONTEXT SETUP REQUESTs, PDU SESSION RESOURCE SETUP REQUESTs and PDU SESSION RESOURCE MODIFY REQUEST message received by the gNB from AMF. This measurement is split into subcounters per mapped 5QI and per S-NSSAI.
	Q1
	Both sub-statistics reflect the number of NG messages, which are L3 measurement in RAN3 scope which has no relationship with L2 measurement.


[bookmark: OLE_LINK380][bookmark: OLE_LINK381]Proposal 10: DRB session management related measurements are not defined in RAN L2 measurement.

1. Measurement for non-split gNB deployment scenarios
Now this section of TS28.552 has no content. The statistics mention above for non-split gNB deployment scenarios could be included in this section of RAN specification:
· [bookmark: OLE_LINK382][bookmark: OLE_LINK418][bookmark: OLE_LINK419]Average delay DL between SDAP and RLC
· UL Packet Loss Rate
· DL Uu Loss Rate
· DL Packet Drop rate
· Volume of UL/DL UE data in gNB 
[bookmark: OLE_LINK414][bookmark: OLE_LINK415][bookmark: OLE_LINK416][bookmark: OLE_LINK417]Proposal 11: Definition of statistics in split gNB deployment scenario should also be considered for non-spilt gNB deployment scenario.
1. Measurement for spilt gNB deployment scenarios 
This section lists performance measurement events which have relationship with CU-DU split or CP-UP split, and each event may have several sub-events for different entities or interface. Following events are included:
Packet Loss Rate
[bookmark: OLE_LINK385][bookmark: OLE_LINK386]• 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(should be gNB-DU?) and on the F1-U interface.  Only user-plane traffic (DTCH) and only PDCP SDUs that have entered PDCP (and given a PDCP sequence number) are considered.  
• UL/DL F1-U Packet Loss Rate
[bookmark: OLE_LINK387][bookmark: OLE_LINK388]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/DL packet loss on the F1-U interface. 
	Q1
	The SA5 statistics identified the PDCP packet loss rate calculated by the PDCP SN or F1-U packet loss rate calculated by the GTP SN. 
But for non-split gNB deployment scenarios, the PDCP SDU Loss Rate statistic is missing, and could be use the same solution as LTE does.



Packet Drop Rate
• DL PDCP SDU Drop rate in gNB-CU-UP
This measurement provides the fraction of PDCP SDU packets which are dropped on the downlink, due to congestion, traffic management etc in the gNB-CU-UP. Only user-plane traffic (DTCH) is considered. A dropped packet is one whose context is removed from the gNB-CU-UP without any part of it having been transmitted on the F1-U or Xn-U or X2-U interface. 
• DL Packet Drop Rate in gNB-DU
This measurement provides the fraction of RLC SDU packets which are dropped on the downlink, due to congestion, traffic management etc in the gNB-DU. Only user-plane traffic (DTCH) is considered. A dropped packet is one whose context is removed from the gNB-DU without any part of it having been transmitted on the air interface. 
	Q1
	RAN measurement could base on SA5 definition.



Packet Delay
[bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK353][bookmark: OLE_LINK354]• Average delay DL in CU-UP
This measurement provides the average (arithmetic mean) PDCP SDU delay on the downlink within the gNB-CU-UP, for all PDCP packets. 
• Average delay on F1-U
[bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK111][bookmark: OLE_LINK122]This measurement provides the average (arithmetic mean) GTP packet delay on the F1-U interface. The measurement is obtained when CU receiving a GTP packet delivery status message from the gNB-DU.
[bookmark: OLE_LINK232][bookmark: OLE_LINK233]• Average delay DL in gNB-DU
This measurement provides the average (arithmetic mean) RLC SDU delay on the downlink within the gNB-DU, for initial transmission of all RLC packets. 
	Q1
	The average delay is classified to air-interface, CU-UP, F1-U and gNB-DU.
Since the classification is defined by SA5, the average delay could be identified in different part of the RAN nodes, or sum all the partial delays to achieve a P2P delay. Current classification gave by SA5 could be continue to use.
For CU-UP part, SA5 intent to record the average delay of granularity of 5QI/QCI. In TS38.463 of E1AP[8], it could be concluded that CU-UP can aware a DRB mapping to which QoS flow(s)/5QI(s), but if below SDAP layer, which 5QI mapping to a specific packet cannot be distinguished clearly. So to use a standardized method, the statistic could only be recorded per DRB if collect below SDAP layer, and one (group of) statistic result(s) could be corresponded to multiple QoS flows which mapped into the same DRB (implementation).
 

	Q2
	Since NR introduce SDAP layer, for the packet delay in CU-UP, the SDAP SDU should instead PDCP SDU when calculate the whole delay in CU-UP?


[bookmark: OLE_LINK448][bookmark: OLE_LINK449]Observation 6: For statistic collected below SDAP layer(in CU), the granularity of 5QI cannot be achieved, but there could be some implementations to identify the QoS of the statistic which is DRB level.

IP Latency measurement
• IP Latency DL in gNB-DU
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.
	Q1
	[bookmark: OLE_LINK366][bookmark: OLE_LINK365]This measurement provides pure IP latency in gNB-DU while no other prior data to be transmitted to the same UE in the gNB-DU. One usage of this measurement is for performance assurance.
RAN measurement could base on SA5 definition.



UE context Release
• UE Context Release Request (gNB-DU initiated)
This measurement provides the number of UE CONTEXT Release initiated by gNB-DU for each release cause.
• Number of UE Context Release Requests (gNB-CU initiated)
This measurement provides the number of UE CONTEXT RELEASE initiated by gNB-CU for each release cause.
	Q1
	Both sub-statistics reflect the number of F1-C messages, which are L3 measurement in RAN3 scope which has no relationship with L2 measurement.


[bookmark: OLE_LINK655][bookmark: OLE_LINK656]Proposal 12: UE context release related measurements are not defined in RAN L2 measurement.
Since multiple statistics requested by SA5 seems not appropriate to be defined in L2 measurement, there are 2 methods for this problem:
Method1: The gNB statistics requested by SA5 by not in L2 measurement scope could be performed by gNB implementation;
Method2: Introduce another section in TR37.816 to include the other gNB statistics, and maybe a title of “Other gNB measurements” could be applied.
[bookmark: OLE_LINK675][bookmark: OLE_LINK676] Proposal 13: Discuss whether to introduce another section to include the gNB related statistics request by SA5 which are not in scope of L2 measurement.

PDCP data volume measurements
[bookmark: OLE_LINK212]• DL PDCP SDU Data Volume
This measurement provides the Data Volume (amount of PDCP SDU bits) in the downlink delivered to PDCP layer. 
• DL PDCP PDU Data Volume
This measurement provides the Data Volume (amount of PDCP PDU bits) in the downlink delivered from GNB-CU to GNB-DU.
[bookmark: OLE_LINK441][bookmark: OLE_LINK442]• UL PDCP PDU Data Volume
This measurement provides the Data Volume (amount of PDCP PDU bits) in the uplink delievered from GNB-DU to GNB-CU. 
• UL PDCP SDU Data Volume
This measurement provides the Data Volume (amount of PDCP SDU bits) in the uplink delivered from PDCP layer to SDAP layer or UPF. 
	[bookmark: OLE_LINK150][bookmark: OLE_LINK151]Q1
	[bookmark: OLE_LINK147][bookmark: OLE_LINK148][bookmark: OLE_LINK371]RAN measurement could base on SA5 definition.
The data volume defined in R15 which could send by the SN/MN to the core network is defined separately for PDCP SDU and PDCP PDU in spilt gNB deployment scenarios section from SA5 point of view.
If for non-spilt gNB deployment scenario, a single data volume measurement similar as LTE should be defined in RAN.

	Q2
	To collect the data volume, the statistic site may be in PDCP/SDAP, or even in RLC (same as the volume collected for throughput), which could be further discussed.


0. L2 measurements in UE side
[bookmark: OLE_LINK433][bookmark: OLE_LINK434]For DL Packet Delay, many gNB related measurements needs to be monitored to pinpoint where end user impact from packet delay occurs in NR. The DL packet delay will occur in gNB(maybe includes gNB-CU-UP, F1 interface, gNB-DU) and on the air interface. But for UL, the delay could only be measured in UE side, similar as specified in TS 36.314[9]:
[bookmark: OLE_LINK429][bookmark: OLE_LINK430][bookmark: _Toc445054613]• UL PDCP Packet Delay per QCI
· [bookmark: OLE_LINK431][bookmark: OLE_LINK432]The objective of this measurement performed by UE is to measure Excess Packet Delay Ratio in Layer PDCP for QoS verification of MDT.
· Protocol Layer: RLC, PDCP
This statistic is introduced to LTE in Release13 to report UL PDCP delay measurements for FeMDT, which captures the delay from packet arrival at PDCP upper SAP until the packet starts to be delivered to RLC. In NR, SDAP layer may also be considered for the delay calculating.
[bookmark: OLE_LINK425][bookmark: OLE_LINK426][bookmark: OLE_LINK438]Proposal 14: Introduce UL Packet delay in NR similar as LTE.
0. The structure of RAN L2 measurements
SA5 lists the required measurement within the different gNB deployment scenarios, it is:
· for all gNB
· for non-split gNB
· for split gNB
To use the SA5 method of classification, the same statistic may be separately included in different section which seems has no coherence. Therefore to achieve a more logical structure, maybe the statistic is on the top level, and sub-statistics could be listed on the sub-level.
[bookmark: OLE_LINK427][bookmark: OLE_LINK428]Proposal 15: Set the statistics as the top level for structure of L2 measurement in RAN.
Conclusion
According to the analysis in section 2, we have some observations as below:
Observation 1: A new RAN specification such as TS38.314 should include all RAN2/RAN3 related L2 measurements in stage3. 
Observation 2: For non-spilt gNB deployment scenario, some statistics are missing.
Observation 3: For statistic collected in RLC/MAC/PHY(in DU), the granularity of real 5QI per QoS flow cannot be achieved, but there could be some implementations to identify the “mapped 5QI” of the statistic which is DRB level.
Observation 4: The distribution of this statistic could be calculated from the measurement results of multiple samples, and RAN measurement could only base on the non-distribution statistic of SA5 definition.
Observation 5: The definition of UE number statistic requested by SA5 is totally different from the definition in LTE L2 measurement.
Observation 6: For statistic collected below SDAP layer(in CU), the granularity of real 5QI per QoS flow cannot be achieved, but there could be some implementations to identify the “mapped 5QI” of the statistic which is DRB level.
And according to the analysis, we propose:
Proposal 1:  Adopt the solutions part in TS28.552 of appropriate statistics and fill them in TR37.816, which may need some revisions before filling.
Proposal 2: Distributed statistic mentioned by SA5 need not to be considered in standardize of RAN measurement.
Proposal 3: “UL/DL Total PRB Usage” could be collected with “DRB QoS” level.
Proposal 4: Discuss which definition (by SA5, or by LTE L2 measurement) is applied in NR.
Proposal 5: UE number related measurements are not defined in RAN L2 measurement if adopt the definition of SA5.
Proposal 6: PDU sessions management related measurements are not defined in RAN L2 measurement.
Proposal 7: Mobility management related measurements are not defined in RAN L2 measurement.
Proposal 8: PDU sessions modification related measurements are not defined in RAN L2 measurement.
Proposal 9: PDU sessions release related measurements are not defined in RAN L2 measurement.
Proposal 10: DRB session management related measurements are not defined in RAN L2 measurement.
Proposal 11: Definition of statistics in split gNB deployment scenario should also be considered for non-spilt gNB deployment scenario.
1. Average delay DL between SDAP and RLC
1. UL Packet Loss Rate
1. DL Uu Loss Rate
1. DL Packet Drop rate
1. UL/DL data volume 
Proposal 12: UE context release related measurements are not defined in RAN L2 measurement.
Proposal 13: Discuss whether to introduce another section to include the gNB related statistics request by SA5 which are not in scope of L2 measurement.
Proposal 14: Introduce UL Packet delay in NR similar as LTE.
Proposal 15: Set the statistics as the top level for structure of L2 measurement in RAN.

A TP which includes all the description of L2 measurements is attached in the Annex.
Reference
[1] [bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK192]R3-186226 Skeleton for TR 37.816 v0.0.1
[2] R3-186227 TP of agreed use cases for TR 37.816
[3] TS28.552 Management and orchestration; 5G performance measurements SA5
[4] Email discussion for RAN-centric DCU with summary v4.docx
[5] TS38.473 F1 application protocol (F1AP)
[6] R3-185114 Reply LS to SA5 on L2 measurements
[7] R3-186232 Reply LS to SA5 on L2 measurements
[8] TS38.463 E1 application protocol (E1AP)
[9] TS36.314 Layer 2 - Measurements
Annex TP for TR37.816
The draft TP is based on R3-186226 Skeleton for TR 37.816 v0.0.1[1].
<<<<<<<<<<<<<<<<<<<<Start of change >>>>>>>>>>>>>>>>>>>>
[bookmark: _Toc527098048][bookmark: _Toc525071977]6.2.2	L2 measurement quantities
Editor Note: these measurements are typically defined in TS 36.314 for LTE
L2 measurements are performed to collect the data transmission related information which could be used for performance assurance, for monitoring the load of the radio physical layer, or for other purpose such as SON. 
Some of these measurements could be performed by gNB only while some of these measurements need UE involvement.
[bookmark: OLE_LINK375]6.2.2.1 The L2 measurements to be collected from the gNB
[bookmark: OLE_LINK408][bookmark: OLE_LINK409]The L2 measurements to be collected from the gNB include but are not limited to:
UE throughput
• Average UL/DL UE throughput in gNB
This measurement provides the average UE throughput in uplink/downlink. This measurement is intended for data bursts that are large enough to require transmissions to be split across multiple slots. The UE data volume refers to the total volume scheduled for each UE regardless if using only primary- or also supplemental aggregated carriers.
Data volume
• Volume of UL/DL UE data in gNB
For non-spilt gNB deployment scenario, this measurement provides the UL/DL data volume for UEs in the cell. This measurement is intended for data bursts that are large enough to require transmissions to be split across multiple slots. The UE data volume refers to the total volume scheduled for each UE regardless if using only primary- or also supplemental aggregated carriers. 
• Percentage of unrestricted UL/DL UE data volume in gNB
This measurement provides the percentage of UL/DL data volume for UEs in the cell that is classified as unrestricted, i.e., when the volume is so low that all data can be transferred in one slot and no UE throughput sample could be calculated. The UE data volume refers to the total volume scheduled for each UE regardless if using only primary- or also supplemental aggregated carriers. 
PDCP data volume
• DL PDCP SDU Data Volume
For spilt gNB deployment scenario, this measurement provides the Data Volume (amount of PDCP SDU bits) in the downlink delivered to PDCP layer. 
• DL PDCP PDU Data Volume
For spilt gNB deployment scenario, this measurement provides the Data Volume (amount of PDCP PDU bits) in the downlink delivered from GNB-CU to GNB-DU.
• UL PDCP PDU Data Volume
For spilt gNB deployment scenario, this measurement provides the Data Volume (amount of PDCP PDU bits) in the uplink delievered from GNB-DU to GNB-CU. 
• UL PDCP SDU Data Volume
For spilt gNB deployment scenario, this measurement provides the Data Volume (amount of PDCP SDU bits) in the uplink delivered from PDCP layer to SDAP layer or UPF. 
Packet delay
• Average delay DL air-interface
This measurement provides the average (arithmetic mean) time it takes to get a response back on a HARQ transmission in the downlink direction.
• Average delay DL in gNB
[bookmark: OLE_LINK359][bookmark: OLE_LINK360][bookmark: OLE_LINK361]For non-spilt gNB deployment scenario, this measurement provides the average (arithmetic mean) delay from SDAP to RLC in the downlink direction.
• Average delay DL in CU-UP
[bookmark: OLE_LINK362][bookmark: OLE_LINK363][bookmark: OLE_LINK364]For spilt gNB deployment scenario, this measurement provides the average (arithmetic mean) PDCP SDU delay on the downlink within the gNB-CU-UP, for all PDCP packets. 
• Average delay on F1-U
[bookmark: OLE_LINK372][bookmark: OLE_LINK373][bookmark: OLE_LINK374]For spilt gNB deployment scenario, this measurement provides the average (arithmetic mean) GTP packet delay on the F1-U interface. 
• Average delay DL in gNB-DU
[bookmark: OLE_LINK389][bookmark: OLE_LINK390][bookmark: OLE_LINK391]For spilt gNB deployment scenario, this measurement provides the average (arithmetic mean) RLC SDU delay on the downlink within the gNB-DU, for initial transmission of all RLC packets. 
Radio resource utilization
• UL/DL Total PRB Usage
This measurement provides the total usage (in percentage) of physical resource blocks (PRBs) on the uplink/downlink for any purpose.
[Number of Active UEs]
[Content of this statistic could be added after deciding the definition of the UE number statistic]
TB related measurement
• Total number of UL/DL initial TBs
This measurement provides the total number of initial TBs transmitted on the uplink/downlink in a cell. HARQ re-transmissions are excluded from this measurement.This measurement is optionally split into subcounters per modulation schema.
• Error number of UL/DL initial TBs
This measurement provides the number of initial faulty TBs transmitted on the uplink/downlink in a cell. This measurement is optionally split into subcounters per modulation schema.
• Total number of UL/DL TBs
This measurement provides the total number of TBs transmitted on the uplink/downlink in a cell. The measurement is split into subcounters per layer at MU-MIMO case. This measurement includes all transmitted TBs (including the successful and failed TBs during initial transmission and HARQ re-transmission).
• Total error number of UL/DL TBs
This measurement provides the number of total faulty TBs transmitted on the uplink/downlink in a cell .The measurement is split into subcounters per layer at MU-MIMO case. This measurement include all transmitted faulty TBs of initial transmission and re-transmission.
• Residual error number of UL/DL TBs
This measurement provides the number of final faulty TBs transmitted on the uplink/downlink in a cell at last HARQ re-transmissions.
IP Latency measurement
• IP Latency DL in gNB-DU
[bookmark: OLE_LINK398][bookmark: OLE_LINK399]For spilt gNB deployment scenario, 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. 
Packet Loss Rate
• DL Uu Loss Rate 
[bookmark: OLE_LINK400][bookmark: OLE_LINK401]For non-spilt gNB deployment scenario, this measurement is to measure packets that are lost at Uu transmission.
• UL Packet Loss Rate 
For non-spilt gNB deployment scenario, this measurement is to measure packets that are lost in the UL.
• UL PDCP SDU Loss Rate
[bookmark: OLE_LINK404][bookmark: OLE_LINK405]For spilt gNB deployment scenario, 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-DU and on the F1-U interface.  Only user-plane traffic (DTCH) and only PDCP SDUs that have entered PDCP (and given a PDCP sequence number) are considered.
• UL/DL F1-U Packet Loss Rate
For spilt gNB deployment scenario, 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/DL packet loss on the F1-U interface. 
Packet Drop Rate
• DL Packet Drop rate
For non-spilt gNB deployment scenario, this measurement is to measure packets that are dropped due to congestion, traffic management etc. Only user-plane traffic (DTCH) is considered.
• DL PDCP SDU Drop rate in gNB-CU-UP
For spilt gNB deployment scenario, this measurement provides the fraction of PDCP SDU packets which are dropped on the downlink, due to congestion, traffic management etc in the gNB-CU-UP. Only user-plane traffic (DTCH) is considered. A dropped packet is one whose context is removed from the gNB-CU-UP without any part of it having been transmitted on the F1-U or Xn-U or X2-U interface. 
• DL Packet Drop Rate in gNB-DU
For spilt gNB deployment scenario, this measurement provides the fraction of RLC SDU packets which are dropped on the downlink, due to congestion, traffic management etc in the gNB-DU. Only user-plane traffic (DTCH) is considered. A dropped packet is one whose context is removed from the gNB-DU without any part of it having been transmitted on the air interface. 
6.2.2.2 The L2 measurements to be collected from the UE
The L2 measurements to be collected from the UE include but are not limited to:
UL Packet Delay
This measurement performed by UE is to measure Excess Packet Delay Ratio from Layer SDAP to Layer RLC.

<<<<<<<<<<<<<<<<<<<<End of change >>>>>>>>>>>>>>>>>>>>
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