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1
Decision/action requested

The group is asked to discuss and approve the proposal.
2
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Rationale
The UE perceived UL and DL throughput for the NR cells will depend on the ability to schedule data in the gNB. In many cases the data volume that needs to be sent is so small, and the competing load from other UEs is so low, that there is no bottleneck on the air interface and measuring throughput is not meaningful. It is therefore proposed to measure data volume and transfer time by different counters depending on if the data flow was restricted by the scheduler or not. The restricted throughput will show the scheduling efficiency and QoS priority handling in the gNB and it is an important measure for many services. 
The UE perceived throughput shall reflect the aggregated data MAC SDU volume for all NR carriers of a bearer setup in a certain NR cell. The total PDCP SDU volume of split bearers cannot be measured with the proposed metrics. 

The definition of restricted data volume and transfer time is re-used from LTE, as specified in 32.425 (section 4.4.6.2), Measurement template defined in 32.404. 
For gNBs that are deployed using a split architecture (2- or 3-split), e.g. when parts of a gNB are deployed in a vitualized environment, UE throughput is measured in gNB. 
The UL and DL UE throughput measurements shall cover also “NR option 3” senarios. Then the gNB is “connected” towards the EPC, and not towards 5GC.  

It is proposed to allow UE throughput measurement separation based on 5QI (or for QCI in case of NR option 3). 
To be able to monitor the spread of throughput within the cell, and estimate the ratio of satisfied users, throughput distribution measurements for UL and DL are also proposed.
4
Detailed proposal

It is proposed to add UL and DL UE throughput measurements to TS 28.552:
-5.2.x.1
Average DL UE Throughput in gNB
-5.2.x.2
Distribution of DL UE Throughput in gNB
-5.2.x.3
Average UL UE Throughput in gNB
-5.2.x.4
Distribution of UL UE Throughput in gNB
	1st Modified Section


5.2
Performance measurements and assurance data for gNB
5.2.x
UE throughput
Editor’s note-1: It must be verified if those measurements shall be done on “MAC SDU” layer or on “RLC SDU” layer.
Editor’s note-2: It must be verified if “GNBDuFunction.NRCellDU” is correct.
5.2.x.1
Average DL UE throughput in gNB
a) This measurement provides the average UE throughput in 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 primary- or supplemental aggregated carriers. 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 according to the following formula based on the “ThpVolDl” and “ThpTimeDl” defined below. It is optionally split into subcounters for each QoS level. 
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For small data bursts, where all buffered data is included in one initial HARQ transmission,  
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	ThpTimeDl
	The time to transmit a data burst excluding the data transmitted in the SLOT when the buffer is emptied. A sample of "ThpTimeUl" for each time the DL buffer for one DataRadioBearer (DRB) is emptied.
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	The point in time after T2 when data up until the second last piece of data in the transmitted data burst which emptied the MAC SDU available for transmission for the particular DRB was successfully transmitted, as acknowledged by the UE. 
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T


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


d) Each measurement is a real value representing the throughput in kbits per second. 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.UEThpDl, or optionally DRB.UEThpDl.QOS, where QOS identifies the target quality of service class.
f) GNBDuFunction.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).
5.2.x.2
Distribution of DL UE throughput in gNB
a) This measurement provides the distribution of the UE throughput in 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 primary- or supplemental aggregated carriers.

b) CC
c) Considering there are n samples during measurement time T and each sample has the same time period tn, the measurement of one sample is obtained by the following formula for a measurement period tn: 
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For small data bursts, where all buffered data is included in one initial HARQ transmission, 
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	ThpTimeDl
	The time to transmit a data burst excluding the data transmitted in the SLOT when the buffer is emptied. A sample of "ThpTimeUl" for each time the DL buffer for one DataRadioBearer (DRB) is emptied.
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	The point in time after T2 when data up until the second last piece of data in the transmitted data burst which emptied the MAC SDU available for transmission for the particular DRB was successfully transmitted, as acknowledged by the UE. 

	
[image: image11.wmf]2

T


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

	
[image: image12.wmf]ThpVolDl


	The 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 MAC 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).


Alternatively, for small data bursts, that are successfully transmitted in any given SLOT (i.e. the requirement that data bursts need to span across several SLOTs excluding transmission of the last piece of the data in a data burst does not apply). where all buffered data is included in one initial HARQ transmission, fraction of the SLOT time ([image: image13.png]ThpTimeDL)



 may be counted and obtained by the formula:
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	SLOT
	Duration of the SLOT

	TBVol
	Volume of the TB related to one SLOT burst

	PaddingVol
	Volume of padding bits added into Transport Block related to one SLOT burst.


For each measurement sample, the bin corresponding to the DL throughput experienced by the UE is incremented by one.
d) A set of integers, each representing the (integer) number of samples with a DL UE throughput in the range represented by that bin. 

e) The measurement name has the form 
DRB.UEThpDlDist.BinX where BinX represents the bin.

Note: Number of bins and the range for each bin is left to implementation
f) GNBDuFunction.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).
5.2.x.3
Average UL UE throughput in gNB
a) This measurement provides the average UE throughput in uplink. 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 primary- or supplemental aggregated carriers. 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 according to the following formula based on the “ThpVolUl” and “ThpTimeUl” defined below. It is optionally split into subcounters for each QoS level. 
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For small data bursts, where all buffered data is included in one initial HARQ transmission 
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	ThpTimeUl
	The time to transmit a data burst excluding the data transmitted in the SLOT when the buffer is emptied. A sample of "ThpTimeUl" for each time the UL buffer for one DataRadioBearer (DRB) is emptied.
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	The point in time when the data up until the second last piece of data in data burst has been successfully received for a particular DRB 
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	The point in time when transmission is started for the first data in data burst for a particular DRB.
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	The volume of a data burst, excluding the data transmitted in the SLOT when the buffer is emptied. A sample for ThpVolUl is the data volume counted on MAC SDU level in kbits received in UL for one DRB during a sample of ThpTimeUl, (It shall exclude the volume of the last piece of data emptying the buffer).


d) Each measurement is a real value representing the throughput in kbits per second. 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.UEThpUl, or optionally DRB.UEThpUl.QOS, where QOS identifies the target quality of service class.
f) GNBDuFunction.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).
5.2.x.4
Distribution of UL UE throughput in gNB
a) This measurement provides the distribution of the UE throughput in uplink. 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 primary- or supplemental aggregated carriers.

b) CC
c) Considering there are n samples during measurement time T and each sample has the same time period tn, the measurement of one sample is obtained by the following formula for a measurement period tn: 
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For small data bursts, where all buffered data is included in one initial HARQ transmission 
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	ThpTimeUl
	The time to transmit a data burst excluding the data transmitted in the SLOT when the buffer is emptied. A sample of "ThpTimeUl" for each time the UL buffer for one DataRadioBearer (DRB) is emptied.

	T1
	The point in time when the data up until the second last piece of data in data burst has been successfully received for a particular DRB 

	T2
	The point in time when transmission is started for the first data in data burst for a particular DRB.

	ThpVolUL
	The volume of a data burst, excluding the data transmitted in the SLOT when the buffer is emptied. A sample for ThpVolUl is the data volume counted on MAC SDU level in kbits received in UL for one DRB during a sample of ThpTimeUl, (It shall exclude the volume of the last piece of data emptying the buffer).


Alternatively, for small data bursts, that are successfully transmitted in any given SLOT (i.e. the requirement that data bursts need to span across several SLOTs excluding transmission of the last piece of the data in a data burst does not apply). where all buffered data is included in one initial HARQ transmission, fraction of the SLOT time ([image: image26.png]ThpTimeUL)



 may be counted and obtained by the formula:
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	SLOT
	Duration of the SLOT

	TBVol
	Volume of the TB related to one SLOT burst

	PaddingVol
	Volume of padding bits added into Transport Block related to one SLOT burst.


For each measurement sample, the bin corresponding to the UL throughput experienced by the UE is incremented by one.
d) A set of integers, each representing the (integer) number of samples with a UL UE throughput in the range represented by that bin. 

e) The measurement name has the form 
DRB.UEThpUlDist.BinX where BinX represents the bin.

Note: Number of bins and the range for each bin is left to implementation
f) GNBDuFunction.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).
	Next Modified Section


A.x Use case monitoring of UE Throughput
Keeping track of UL and DL UE throughput in the NG-RAN is essential, to ensure end user satisfaction and well functioning and well configured cells and scheduling features. 

The restricted UE throughput per 5QI will show the scheduling efficiency and QoS priority handling in the gNB and the ratio between unrestricted and restricted volume will show the gNB ability to handle small data transfers efficiently. 

To be able to monitor the spread of throughput within the cell, and estimate the ratio of satisfied users, the throughput distribution measurement can be used.

When network slicing is supported by the NG-RAN, multiple NSIs may be supported. The UL and DL UE throughput for each NSI is then of importance to the operator to pinpoint a specific performance problem.  

	End of Modified Section
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