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1. Introduction
As part of the topic in the email discussion [76#33 Joint: MDT scheduled IP throughput], correlation between location information and QoS Measurements was discussed. The email discussion document presented one way of correlating location info and QoS Measurements (i.e., Throughput), that is by defining a “Measurement Period”. 

This document discusses several other ways of correlating location information and throughput measurement, assuming that throughput measurement is taken in the eNB. This document also proposes for RAN2 to discuss and consider mechanisms in this document for correlating location information and throughput measurements.
2. Discussion
2.1 
Assumptions

In this document, it is assumed that throughput measurement is taken in the eNB and location info is reported from the UE. When QoS MDT is activated, the following are performed:
· The eNB starts to measure the throughput of the concerned UE
The throughput measurement is performed based on “Scheduled IP Throughput”, i.e., the throughput is calculated per data burst transmitted/ received in an “active time” (which consist of several TTIs).
· The eNB sends MDT configuration to the UE (based on rel-10 MDT configuration), 
· The UE will start to send (available) location information and DL measurements (e.g., RSRP/RSRQ) according to Rel-10 immediate MDT mechanism.
With the assumptions described above, as illustrated in figure 1, during this MDT session the eNB is likely to perform the logging of throughput measurement while it also receives from the UE, Rel-10 MDT measurements (i.e., RSRP/RSRQ and location info).
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Figure 1: eNB performing throughput measurement,
 and receiving MDT measurements (including location information) from the UE
2.2 
Mechanism to correlate location information and throughput measurement
To accurately correlate location information to a radio measurement, the validity of the location information needs to be taken into account. For immediate MDT, in Rel-10 RAN2 agreed to include the GNSS/GPS timing information (if available) as part of the location information IE so that the validity of location information can be evaluated in the network, i.e., it was left to UE implementation how the UE takes into account validity of a location information when associating it to the DL radio measurement measured at the UE.
For Rel-11, with the assumption explained in section 2.1, the following are alternatives for correlating location information and throughput measurement.
Alternative 1: Location information is correlated by the “active time” 
In this alternative, the eNB logs a throughput measurement per data burst. A location information is correlated to a throughput measurement if it is received within the “active time” of the concerned data burst. E.g., in the figure 2, throughput of data burst#1 is associated to Location Info #B, since the location info is received within active time tA-tB, and so on. 
Each log contains throughput measurement per data burst with the associated location information. The eNB can send these logs to the OAM one by one or all at once at eNB’s convenience.
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Figure 2: Correlation by means of the “active time”
Alternative 2: Location information is correlated by means of a “measurement period”
In this alternative, the eNB creates one log of throughput measurement per “measurement period” and the newest location information received within the “measurement period” is correlated with the throughput measurement. The correlation process is performed in real time. There might be several data bursts occurring within one “measurement period”, and therefore, one log of throughput measurement may be calculated by averaging the total data of several data bursts. 
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Figure 3: Correlation by means of “measurement period” (alt.2)
Alternative 3: Location information is correlated by means of “time stamp”
In this alternative, the eNB includes a timestamp to each measurement (i.e., throughput measurement per data burst, DL measurements and location information). Each log will contain one type of measurement and its timestamp. These logs may be sent from eNB to the OAM one by one or all at once at eNB’s convenience.
The correlation can be done at the OAM (or eNB) in a post-processing manner. The correlation is done by utilising the timestamp in each measurement according to following way: 
· Option1 (Correlating location information per data burst, i.e., one location info for one data burst): 
The OAM can correlate a location information to a data burst based on their timestamps. The OAM can decide to correlate a location information to a throughput measurement when their timestamps are closed enough, i.e., the location information is valid enough according to the operator’s policy.
· Option 2 (Correlating location info per “measurement period”, i.e., one location info for several data bursts):
The OAM can internally define a “measurement period” that starts and ends between the reception time of the location information, within the validity time of this location information. In this case, one measurement period may consist of several data burst and the throughput can be calculated as the average of total data bursts. 
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Figure 3: Correlation by means of “timestamp” (alt.3)
Alternative 4: Location information is correlated by means of “timestamp” and “uncertainty information”
As discussed in [1], validity of location information depends on UE speed and operator’s accuracy policy for coverage (in this caseQoS) map. From location information validity point, relying only to a timestamp or to a pre-defined measurement period (alt.2) without taking into account the uncertainty information may result in a less accurate correlation. In this alternative, “uncertainty information” is added as part of location info reported by the UE, and this information is used to decide the following:
- whether a location information is valid enough to be correlated to a certain data burst (in case of alt3 option 1: a location information is correlated to one data burst) , or
- the appropriate “measurement period” ( in case of alt. 3 option 2: one location information is correlated to several data bursts)
Note: Alternative 4 can be seen as enhancement toward alternative 3.
2.3
Comparison of the alternatives

Table 1 summarises the benefit and drawback of each alternatives described in previous section

	No
	Alternative solutions 
	Benefits
	Drawbacks
	Other characteristics

	1.
	Alt.1: “active time”
	· Accurate correlation.


	· Real time correlation processing in the eNB cause higher processing capability requirement
· Large number of logs
	· Suitable for frequently updated location info, i.e., navigation service.

	2.
	Alt. 2: “measurement period”
 in real time process
	· Small number of logs
	· Real time correlation processing in the eNB cause higher processing capability requirement
· Less accurate correlation
	· Suitable for not so frequently updated location info, i.e., presence service, etc.

	3.
	Alt.3: “timestamp” (including “measurement period” in post processing)
	· Number of generated log can be controlled with logging mode options.

· Correlation accuracy take into account the operator policy of validity time.
· Post processing correlation in OAM (or eNB) cause lower processing capability requirement.
	· Additional IE to log, i.e., timestamp
Note: Timestamping in the eNB is possible already in rel-10, so this may not be “additional”.
	· Possibility of logging mode option: “one log per data burst” or “one log per several data burst”
· Can cope with cases where location info is frequently and not so frequently updated.

	4.
	Alt.4: alt.3 enhancement with “uncertainty info”
	Similar with alternative 3 with possibility of better correlation accuracy
	· Additional IE to log, i.e. timestamp and uncertainty info
	Same with alt.3


Compared to alt. 2, alt. 1 may seem complicated despite the possibility of accurate correlation. Furthermore alt.1 works mainly in cases where frequent location update is available, which might be rare if only “best effort” location info is available.
Alt.3 seems to be the alternative that covers the drawback of alternative 1 and 2. Alt. 3 offers the ability to control the number logs and to take into account the validity time of location info, by selections of logging mode options( “one log per data burst” or “one log per several data burst”). This way alt.3 can adapt to either cases whether the location update is rare or frequent. The possibility to perform a post processing correlation in OAM (or eNB) is also one point that makes alt.3 better in term of processing capability requirement compared to alt. 1 and 2.
Alt.4 is basically further enhancement towards alt.3 which can improve the accuracy of correlation.
3. Summary and Proposals
Alternative mechanisms to correlate throughput measurement and location information were discussed.

The following is proposed:
Proposal 1:
It is proposed for RAN2 to discusse the mechanisms for correlating location information and throughput measurement.

Proposal 2:
It is proposed for RAN2 to agree to adopt a correlation mechanism based on alternative 3, i.e., correlation by means of timestamp.

Proposal 3:
It is proposed for RAN2 to discuss possibility of further enhancing alternative 3 by adding “uncertainty information” as part of location information reported by the UE.
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