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1. Introduction

At RAN2#76, RAN2 agreed to that the scheduled IP throughput measurement definition can be reused as a baseline for the MDT throughput measurement. In this contribution, we consider required enhancements to the current definition to make it appropriate for MDT purposes. 
2. Measurement Period for Scheduled IP Throughput
In terms of the definition of the scheduled IP throughput measurement, we agree that it captures accurately the achieved throughput for non-GBR bearers even though we omit the initial buffering time and samples where the data is transmitted in one TTI.

One issue with the current definition of this measurement though is that it assumes a measurement period without any further precision about what this measurement period is. At least for MDT purposes, it is important that the measurement period considered for scheduled IP throughput measurement is carefully defined so that the measurement sample is fit for purpose. For MDT, the main interest for the operator is what the throughput is in a given location. 
In R2-120453[1], an approach is described which relates the measurement period to the arrival of periodic location measurement reports at the network node with different location information. Further details are provided on how to avoid samples with zero throughput and how to deal with the situation where the connection is dropped or terminated or handed over. 

In our view, the measurement period for an MDT measurement sample should be defined and specified according to the principles laid out in R2-120453[1], rather than having an arbitrary measurement period as currently defined in TS 36.314. Proposed modifications to existing Scheduled IP throughput measurement definitions are given in the Appendix.
Proposal 1: Define measurement period of a scheduled IP throughput measurement sample in terms of arrival of periodic location measurement reports with different location information and availability of data to send/receive as described in R2-120453[1].

3.  Throughput Measurement for GBR Bearers
In our view it is also important to measure the overall achieved UE throughput considering simultaneous support of GBR and non-GBR type bearers. Hence, we should consider whether the Scheduled IP throughput is an appropriate definition for GBR type bearers (usually UM type bearers).  

One could argue that even for GBR type traffic, like conversational video, the data is still coming in bursts (more likely periodic bursts) and we can still follow the model of considering samples for which the buffer is non-empty.  This is likely to be true if the data burst is significant enough to require more than one TTI for transmission. However, in many cases, even a relatively big chunk of GBR data could be transmitted in one TTI considering that the data is prioritised over non-GBR type traffic. If such bursts occur periodically e.g. every 20ms or 30ms, then this type of traffic can amount to a significant part of the served traffic for the UE. It is thus important that the throughput definition for GBR traffic can capture these ‘one TTI’ bursts and also evaluate the UE throughput for GBR traffic. 
Another issue to consider is whether the network should consider a GBR throughput measurement sample as the instantaneous throughput achieved per TTI or should capture the average achieved throughput over the measurement period. Ideally, the operator is interested in whether the average throughput experienced is according to the GBR for the user. Thus it seems that an average throughput measurement considering total volume of data transferred over a measurement period is an appropriate measurement for MDT GBR throughput measurement.

The measurement period is defined by a starting point corresponding to arrival of an RRC location measurement report and the terminating point is defined by arrival of next RRC location report. In case of abnormal conditions, RRC Connection Release or handover, the terminating point of the measurement period is at the point where the data session is dropped or handed over. 
Proposal 2: Define a measurement period for a GBR throughput measurement with starting point corresponding to arrival of an RRC location measurement report and the terminating point corresponding to arrival of the Next RRC location measurement report or at the point of data transfer termination, whichever is earlier. 

Proposal 3: Define an MDT GBR throughput measurement as the ratio of data successfully transferred/received over a measurement period to the measurement period.
Proposal 4: Independent MDT GBR throughput measurements are defined for UL and DL.
An example of how GBR throughput measurements could be defined is provided in the Appendix.

4. Conclusions
In this contribution, Vodafone uses the scheduled IP throughput measurement definition as a baseline and makes the following proposals to enhance the definition for MDT throughput measurements , also taking into consideration the approach described in R2-120453[1] to define a measurement period for an MDT throughput sample based on periodic location information reports. 

Proposal 1: Define measurement period of a scheduled IP throughput measurement sample in terms of arrival of periodic location measurement reports with different location information and availability of data to send/receive as described in R2-120453 [1].
Proposal 2: Define a measurement period for a GBR throughput measurement with starting point corresponding to arrival of an RRC location measurement report and the terminating point corresponding to arrival of the Next RRC location measurement report or at the point of data transfer termination, whichever is earlier. 

Proposal 3: Define an MDT GBR throughput measurement as the ratio of data successfully transferred/received over a measurement period to the measurement period.

Proposal 4: Independent MDT GBR throughput measurements are defined for UL and DL.
RAN2 is kindly requested to discuss and agree to the proposals made in this document. 
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Appendix
4.1.x
MDT Scheduled IP Throughput
The objective of this measurement is to measure over Uu the IP throughput independent of traffic patterns and packet size for a relevant measurement period which corresponds to a UE location. This measurement is mainly intended for data bursts that are large enough to require transmissions to be split across multiple TTIs. The measurement is performed per QCI per UE. Initial buffering time in UE or eNB is excluded. The starting point of the measurement period is defined as the point where an RRC location measurement report is received (see TS 36.331), with data pending for transmission or the point where data becomes available for transmission. The terminating point of a measurement period is defined as the point where the next periodic RRC Location measurement report is received or the point where the data session is aborted , RRC Connection Release (see TS 36.331) is triggered due to data traffic inactivity or handover procedure is initiated (see TS 36.331). 
For an eNB serving one or more RNs, packets transmitted between the eNB and RNs are excluded, i.e., only packets transmitted between the eNB and UEs are counted.

4.1.x.1
MDT Scheduled IP Throughput in DL

Protocol Layer: PDCP, RLC, MAC
	Definition
	MDT Scheduled IP Throughput in DL. Throughput of PDCP SDU bits in downlink for packet sizes or data bursts that are large enough to require transmissions to be split across several TTIs, by excluding transmission of the last piece of data in a data burst. Only data transmission time is considered, i.e. when data transmission over Uu has begun but not yet finished. Each measurement is a real value representing the throughput in kbits/s. The measurement is performed per QCI per UE. For successful reception, the reference point is MAC upper SAP. 

This measurement is obtained by the following formula for a measurement period which is defined by a starting point Tx and terminating point Ty:
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For small data bursts, where all buffered data is included in one initial HARQ transmission,  
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Explanations of the parameters can be found in the table 4.1.6.1-1 below.


Table 4.1.6.1-1
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	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.
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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 PDCP SDU available for transmission for the particular E-RAB was successfully transmitted, as acknowledged by the UE.
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	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.
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	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.

	Tx
	The point in time when RRC Location measurement report (see TS 36.331) with data pending in DL transmit buffer for respective bearer is received or on reception of data following RRC location measurement report.


	Ty
	The point in time (in seconds) when next RRC Location measurement report (see TS 36.331) is received or at termination of ongoing transmission due to abnormal conditions, RRC Connection Release or initiation of handover, whichever is earliest. 




4.1.x.2
MDT Scheduled IP Throughput in UL

Protocol Layer: PDCP, RLC, MAC

	Definition
	MDT Scheduled IP Throughput in UL. eNB estimate of the throughput of PDCP SDU bits in uplink for packet sizes or data bursts (where an UL data burst is the collective data received while the eNB estimate of the UE buffer size is continuously above zero) that are large enough to require transmissions to be split across several TTIs, by excluding transmission of the last piece of data. Only data transmission time is considered, i.e. when data transmission over Uu has begun but not yet finished. Each measurement is a real value representing the throughput in kbits/s. The measurement is performed per QCI per UE. For successful reception, the reference point is MAC upper SAP.
This measurement is obtained by the following formula for a measurement period which is defined by a starting point Ta and terminating point Tb:

:
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For small data bursts, where all buffered data is included in one initial HARQ transmission 
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Explanations of the parameters can be found in the table 4.1.6.2-1 below.


Table 4.1.6.2-1
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	The time to transmit a data burst excluding the data transmitted in the TTI when the buffer is emptied. A sample of “ThpTimeUl” for each time the UL buffer for one E-RAB 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 E-RAB 
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	The point in time when transmission is started for the the first data in data burst for a particular E-RAB.
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	The volume of a data burst, excluding the data transmitted in the TTI when the buffer is emptied. A sample for ThpVolUl is the data volume counted on PDCP SDU level in kbits received in UL for one E-RAB during a sample of ThpTimeUl, (It shall exclude the volume of the last piece of data emptying the buffer).

	Ta
	The point in time (in seconds) when RRC Location measurement report (see TS 36.331) with  data pending in UL for transmission is received or on reception of UL data for respective bearer, following RRC location report.


	Tb
	The point in time (in seconds) when next RRC Location measurement report (see TS 36.331) is received or at termination of ongoing transmission due to abnormal conditions or RRC Connection Release or initiation of handover procedure, whichever is earliest. 




4.1.x
MDT Scheduled GBR Throughput
The objective of this measurement is to measure over Uu the average throughput achieved by GBR type bearers for a relevant measurement period which corresponds to a UE location. The measurement is performed per GBR type QCI per UE. The measurement period is defined by a starting point corresponding to arrival of an RRC location measurement report (see TS 36.33 ) and the terminating point is defined by arrival of next RRC location report. In case of abnormal conditions or RRC Connection Release or handover, the terminating point of the measurement period is at the point where the data session is dropped or transferred. 

For an eNB serving one or more RNs, packets transmitted between the eNB and RNs are excluded, i.e., only packets transmitted between the eNB and UEs are counted.

4.1.x.1
MDT Scheduled GBR Throughput in DL

Protocol Layer: PDCP, RLC, MAC
	Definition
	MDT Scheduled GBR Throughput in DL. Average Throughput of PDCP SDU bits in downlink sent over a measurement period. 
Each measurement  is a cumulation of  successfully transmitted packet data unit in bits.  The measurement is performed per QCI per UE. For successful reception, the reference point is MAC upper SAP. 

This measurement is obtained by the following formula for a measurement period which is defined by a starting point Tx and terminating point Ty:
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Where 
[image: image16.wmf]DataVolDl

is the size, in bits, of a successfully transmitted PDCP SDU unit. 
Explanations of the parameters can be found in the table 4.1.6.1-1 below.


Table 4.1.6.1-1

	Tx
	The point in time (in seconds) when RRC Location measurement report (see TS 36.331) with data pending in DL transmit buffer for respective bearer is received . 



	Ty
	The point in time (in seconds) when next RRC Location measurement report (see TS 36.331) is received or at termination of ongoing transmission due to abnormal conditions or RRC Connection Release or handover , whichever is earliest. 




4.1.x.1
MDT Scheduled GBR Throughput in UL

Protocol Layer: PDCP, RLC, MAC
	Definition
	MDT Scheduled GBR Throughput in UL. Average Throughput of PDCP SDU bits in uplink sent over a measurement period. 

Each measurement  is a cumulation of  successfully received packet data unit in bits.  The measurement is performed per QCI per UE. For successful reception, the reference point is MAC upper SAP. 

This measurement is obtained by the following formula for a measurement period which is defined by a starting point Tx and terminating point Ty:
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Where 
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is the size, in bits, of a successfully received PDCP SDU unit. 
Explanations of the parameters can be found in the table 4.1.6.1-1 below.


Table 4.1.6.1-1

	Tx
	The point in time (in seconds) when RRC Location measurement report (see TS 36.331) is received with data pending in DL transmit buffer for respective bearer. 



	Ty
	The point in time (in seconds) when next RRC Location measurement report  (see TS 36.331) or at termination of ongoing transmission due to abnormal conditions or RRC Connection Release or handover , whichever is earliest. 
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