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1. Introduction

At RAN2#76, RAN2 agreed to introduce a throughput measurement and data transferred measurement for MDT. However, it is not clear how correlate the UE location information with those measurements and also what the measurement period should be for the measurements. This contribution proposes a unified approach to address those two issues with periodic location reporting being the basis of the approach. 

2. Correlation of Location information with QoS Measurements. 
One main point to observe is that, for MDT purposes, a throughput and data transferred measurement sample should be linked to a certain location i.e. the measurements are only relevant for the location where they were performed. Ideally, if location changes, this should trigger a new sample of the QoS measurement. However, it is also true that a UE’s location can be continuously changing, in which case we have to limit the number of samples of MDT throughput and data transferred measurement generated.
The basic assumption is that the node generating the MDT measurement sample will receive location information from the UE. One option is that the UE is configured to do periodic location reporting to the network. In fact, based on Release 10 MDT, periodic report of location information is already possible. It is proposed that location information is obtained by periodic reporting from the UE.

Proposal 1: For MDT throughput or data throughput measurement, the UE is configured to do periodic reporting of available location information to the network.

Proposal 2: It should be possible to configure the periodicity of location information reporting.

The next step is to define when the network node starts collecting a measurement sample. If the UE location is changing rapidly, this means that the location will be different from one report to the next. 

If the reporting periodicity is short e.g. in order of seconds, it can be assumed that the reported location information remains valid until the next location report is received. The node making the QoS measurements can start a measurement period from the point it received a location measurement report until the point it receives the next report. This constitutes a measurement sample with location information being the information received in the measurement report triggering start of a sample. 

Proposal 3: If UE is actively doing data transfer, use reception of a location measurement report as start of a measurement period and reception of next location measurement report as end of measurement period.

Proposal 4: The location information in the report triggering collection of a sample is the location information to be included in the measurement report.

It can also happen that the location measurement report from one reporting instant to another reporting instant does not change e.g. UE is stationary. In this case, it is interesting for the measurement sample to continue rather than having fragmented samples for a given location. To avoid sample fragmentation, one approach is for UE not to send location report containing the same location information e.g. GPS coordinates. The measurement in the measuring node continues until the next location measurement report with different location information is received. 

Proposal 5: UE should not send periodic location report when the location information does not change. 

Proposal 6: Network node continues measurement period of a sample until reception of next location report from the UE. 

With such an approach, we will have samples which are giving location specific measurements even though the measurement period will be variable depending on the UE location. This is more valuable that measurement samples based on arbitrary measurement periods.
Figure 1 illustrates the case where measurement period is started and ended with successive location measurement reports (which might come with reporting periodicity or multiples of reporting periodicity depending on the UE movement).
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Figure 1: Measurement period is controlled by reception of location measurement report
The other issue to address is whether network node should create a measurement sample when there is no data to send or receive. Ideally, we should avoid samples where the throughput or data transferred would be zero. 

DL Measured throughput and DL Data Transferred measurement

If the DL buffer for the radio bearer for which measurement is being made is empty, then the node can differ start of a measurement sample until data is received. The latest location measurement report would always be considered as the latest location of the UE in a measurement sample. Even if data is received some time after the latest location report was received, the location can still be considered valid until the next location report is received. In this case, the measurement sample runs from the point where data is received in the buffer to the point where a new location measurement report is received. In case DL buffer becomes empty before the next location report is received, the measurement period is still continued until the next location report. This is because this sample will not be an ‘empty’ sample. 
Proposal 7: For DL data throughput or DL data transferred measurement, the measurement sample starts when data is received in the respective buffer and ends at the point where the next location report is received. 

UL Measured Throughput and UL Data Transferred Measurement

The UL case is a bit more challenging in the sense that network node cannot be sure that there is no data in the UE to send on the UL. At best the network node can rely on the latest buffer status report from the UE to understand is there is UL data to receive. If at the point where the location measurement report is received there is no information about UL data pending, network node should wait until the next UL data PDU is correctly received to start a measurement sample and include that data sample in the measurement sample together with latest reported location information. The measurement sample continues until the next location report is received. Similarly to the UL throughput case, the measurement period is not stopped if no more data is received until the next location report is received. 
Proposal 8: For UL data throughput or UL data transferred measurement, the measurement sample starts either when network node has knowledge that UL data is pending for the radio bearer or on reception of the first data unit following a period of no UL data since last reported location information. 

Proposal 9: For both UL and DL QoS measurement cases, the measurement period is continued until next location report is received even though no more data is being received or transmitted. 
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Figure 2: Start and stop of measurement period when there is no data to transmit/receive 
Termination of Session or Abnormal Conditions

If network node detects RLF i.e. the connection drops, the measurement period should stop at this point. It is important that the network node keeps the measurement sample at the point of failure as it may be the only sample collected for that UE (assuming it did not change location). It can also happen that the traffic inactivity timer in the network node expires which triggers RRC Connection Release. In this case also, the measurement period should stop and UE should collect the last sample. 
Figure 3 illustrates this situation
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Proposal 10: If network node detects RLF or RRC Connection is released e.g. due to inactivity timer expiry, this should stop the measurement period and a sample is collected for that UE as the last sample before UE context is removed. 

3. Conclusions
In this contribution, Vodafone discusses the issue of what is a measurement period for MDT QoS related measurements and also how to correlate UE location information with the measurement samples. The following proposals are made:

Proposal 1: For MDT throughput or data throughput measurement, the UE is configured to do periodic reporting of available location information to the network.

Proposal 2: It should be possible to configure the periodicity of location information reporting.

Proposal 3: If UE is actively doing data transfer, use reception of a location measurement report as start of a measurement period and reception of next location measurement report as end of measurement period.

Proposal 4: The location information in the report triggering collection of a sample is the location information to be included in the measurement report.

Proposal 5: UE should not send periodic location report when the location information does not change. 

Proposal 6: Network node continues measurement period of a sample until reception of next location report from the UE. 

Proposal 7: For DL data throughput or DL data transferred measurement, the measurement sample starts when data is received in the respective buffer and ends at the point where the next location report is received. 

Proposal 8: For UL data throughput or UL data transferred measurement, the measurement sample starts either when network node has knowledge that UL data is pending for the radio bearer or on reception of the first data unit following a period of no UL data since last reported location information. 

Proposal 9: For both UL and DL QoS measurement cases, the measurement period is continued until next location report is received even though no more data is being received or transmitted. 

Proposal 10: If network node detects RLF or RRC Connection is released e.g. due to inactivity timer expiry, this should stop the measurement period and a sample is collected for that UE as the last sample before UE context is removed. 

RAN2 is kindly requested to discuss and agree to the proposals made in this document. 
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