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1	Introduction
RAN#83 plenary approved a Work Item (WI) titled “RAN-centric Data Collection and Utilization for NR” which includes the below as one of the objectives [1]:
	Detailed objectives of the work item include:
· Support of SON features, including MRO (intra and inter-system), MLB (intra-system), and RACH optimization.  [RAN3, RAN2] 
· Specification of the UE reporting necessary to enhance the network configuration [RAN2]. 
· Specification of the inter-node information exchange, including possible enhancements to S1/NG, X2/Xn, and F1/E1 interfaces [RAN3]

· Support of MDT features for identified use cases, including coverage optimization, QoS verification via MDT, indoor MDT improvement, location information reporting, and sensor data collection [RAN2, RAN3]
· Specification of Logged MDT for both RRC_IDLE and RRC_INACTIVE UEs [RAN2, RAN3, RAN4] 
· Specification of Immediate MDT for RRC_CONNECTED UEs[RAN2, RAN3]
· Specification of reporting e.g. RLF and accessibility measurements [RAN2, RAN4] 
· Specification of MDT for standalone, NR-DC and EN-DC scenario including CU-DU split architecture [RAN2, RAN3]
· NOTE: NE-DC and NGEN-DC scenarios may be supported if the specifications above cover those without any additional stage 3 specification effort, but W1 specification work for MDT is not included in this WID.

· Specification of L2 measurements [RAN2, RAN3]



Throughput measurement is an important metric in verifying the QoS provided to a UE. In this paper, we discuss the adequacies of the SA5 defined measurements related to throughput calculation. 
2	Discussion
Performance measurements for 5G networks including throughput measurements at gNB is defined in the SA5 TS 28.552 “5G performance measurements”. RAN2 also studied the feasibility of SA5 defined measurements related to RAN2. During the study item on RAN centric data collection [4] that was completed, it was concluded that the following feasible L2 measurements, for which the definitions in TS 28.552 apply, are recommended to be supported in NR in context of RAN-centric data collection:
-	PRB usage
-	Packet Delay
-	Data loss
-	Scheduled IP Throughput
-	Scheduled IP Throughput for MDT
-	Data Volume
-	Distribution of scheduled IP throughput

In addition, new definitions for RAN part of packet delay measurement, alternative end user throughput measurement, received random access preambles, number of UEs should be introduced in NR. It is not precluded that RAN2 introduce new or alternative measurements.
It is observed that throughput measurements are calculated at PDCP SDU level based on data volume between reference time points at PDCP layer, in LTE as defined in [3]. However, the throughout measurements for NR as defined in [2] are calculated at RLC layer based on data volume between reference time points at RLC layer as illustrated in below table.

	LTE: Scheduled IP Throughput in DL (Similar measurement defined for as well)
	NR: Average DL UE throughput in gNB (Similar measurement defined for as well)

	The measurement is performed per QCI per UE.
	The measurement is optionally split into subcounters per QoS level

	




For small data bursts, where all buffered data is included in one initial HARQ transmission,  , otherwise 

	

	The time to transmit a data burst excluding the last piece of data transmitted in the TTI when the buffer is emptied. A sample of "ThpTimeDl" for each time the DL buffer for one E-RAB is emptied.

	

	The point in time after T2 when data up until the second last piece of data in the transmitted data burst which emptied the PDCP SDU available for transmission for the particular E-RAB was successfully transmitted, as acknowledged by the UE.

	

	The point in time when the first transmission begins after a PDCP SDU becomes available for transmission, where previously no PDCP SDUs were available for transmission for the particular E-RAB.

	

	The volume of a data burst, excluding the data transmitted in the TTI when the buffer is emptied. A sample for ThpVolDl is the data volume, counted on PDCP SDU level, in kbits successfully transmitted (acknowledged by UE) in DL for one E-RAB during a sample of ThpTimeDl. It shall exclude the volume of the last piece of data emptying the buffer.



	



For small data bursts, where all buffered data is included in one initial HARQ transmission,  , otherwise 

	ThpTimeDl
	The time to transmit a data burst excluding the data transmitted in the slot when the buffer is emptied. A sample of "ThpTimeDl" for each time the DL buffer for one DataRadioBearer (DRB) is emptied.

	

	The point in time after T2 when data up until the second last piece of data in the transmitted data burst which emptied the RLC SDU available for transmission for the particular DRB was successfully transmitted, as acknowledged by the UE. 

	

	The point in time when the first transmission begins after a RLC SDU becomes available for transmission, where previously no RLC SDUs were available for transmission for the particular DRB.

	

	The RLC level volume of a data burst, excluding the data transmitted in the slot when the buffer is emptied. A sample for ThpVolDl is the data volume, counted on RLC SDU level, in kbits successfully transmitted (acknowledged by UE) in DL for one DRB during a sample of ThpTimeDl. (It shall exclude the volume of the last piece of data emptying the buffer).






Observation 1: Throughput measurements defined for NR by SA5 is performed at RLC layer whereas in LTE, it is measured at PDCP layer.

QoS flow is the smallest granularity over which QoS verification can be performed by the network. The mapping between QoS flow and DRB in NR is not always one to one and can also be many to one. Therefore, performing throughput measurement at RLC layer alone is not sufficient to verify QoS and identify the throughput per QoS flow. An analysis of adequacy of RLC level throughput measurements as defined in [2] for different possible bearer configuration on NR is illustrated below:

	No
	Bearer Type
	Bearer termination point (RAN node with PDCP)
	Connected CN
	RLC layer measurement Sufficient?
	Remarks

	1
	Direct bearer on NR
	gNB
	5GC
	NO
	RB may have multiple QoS flows mapped to it. 

	2
	
	gNB
	EPC
	YES
	PDCP Throughput = RLC Throughput

	3
	Split bearer on NR
	gNB
	5GC
	NO
	RB may have multiple QoS flows mapped to it. 

	4
	
	eNB
	5GC
	NO
	

	5
	
	gNB
	EPC
	YES
	PDCP Throughput = Sum of both RLC entity throughputs

	6
	
	eNB
	EPC
	YES
	



Observation 2: Not all bearer types configured on NR can estimate QoS correctly if throughput measurement is done only based on RLC data volume at RLC layer. 

In NR a PDU session can comprise of multiple QoS flows and SDAP entity can map one or more QoS flows onto a single DRB. The restriction in QoS flow to DRB mapping is that one QoS flow is mapped onto only one DRB at a time. For radio bearers on NR (and on LTE NG-eNB) which is connected to 5GC, the QoS termination point on gNB is SDAP entity. Therefore, in order to verify QoS over an IP flow for bearers connected to 5GC, the throughput has to be measured at SDAP layer. For radio bearer on NR (in (NG)EN-DC) and on LTE which is connected to EPC, the QoS termination point on eNB is PDCP entity. In order to verify QoS for an IP flow for bearers connected to EPC, the throughput has to be measured at PDCP entity. In case of split bearers, it is not always true that PDCP throughput reflects as the sum of throughputs of the RLC entities it is connected to. For radio bearers for which PDCP duplication is configured, the throughput measurement has to be performed based on PDCP SDU volume. 

Proposal 1: For NR bearers served by gNB/ NG-eNB connected to 5GC, the throughput measurement has to be done based on SDAP SDU at SDAP layer. 
Proposal 2: For NR bearers connected to EPC, the throughput measurement has to be done based on PDCP SDU at PDCP layer. 

3	Conclusion
The contribution discussed RLM aspects related to release 16 mobility enhancements in LTE and the following observations and proposal are made.
Observation 1: Throughput measurements defined for NR by SA5 is performed at RLC layer whereas in LTE, it is measured at PDCP layer.
Observation 2: Not all bearer types configured on NR can estimate QoS correctly if throughput measurement is done only based on RLC data volume at RLC layer. 
Proposal 1: For NR bearers served by gNB/ NG-eNB connected to 5GC, the throughput measurement has to be done based on SDAP SDU at SDAP layer. 
Proposal 2: For NR bearers connected to EPC, the throughput measurement has to be done based on PDCP SDU at PDCP layer. 
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