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1. Introduction 

For identification of area with coverage problems, it is essential to acquire accurate location information at the time or close to the time when a coverage problem is observed. However the use of high accuracy positioning technology requires care and attention. The section 6.1.1 UE power impact of TS 36.805 [1] includes:
If for MDT, the UE is only required to report already available location information, i.e. no additional positioning calculations solely for the purpose of MDT, then additional UE power consumption due to the MDT requirement to provide location information is minimized/negligible. The required accuracy for location information would be dependent on the MDT use case and as there is post processing of reported MDT measurements the accuracy of positioning information does not always have to be of high accuracy.
The MDT functionality should not result in long active periods of the positioning function in the UE in order to avoid high UE power consumption. For example, requiring the UE to anticipate the occurrence of a certain MDT measurement trigger, and to perform positioning calculation prior to the actual occurrence of the trigger can be problematic for certain MDT measurement triggers as the waiting time for the trigger to happen can be arbitrarily long (in principle of any length).
This paper discusses difficulties in utilizing high accuracy positioning methods for identification of area with coverage problems and proposes some solutions. 
2. Discussion
In order to minimize UE power impact, use of high accuracy positioning should be limited at minimum. For example, high accuracy positioning methods are used only when the UE encounters a problem for example no coverage or the UE recovers from the problem. One of the difficulties is that high accuracy positioning methods require network assistance to perform the measurements and that network assistance is not available when the UE is experiencing the problem. For example, when the UE is experiencing very poor radio condition the UE cannot receive assistance data and measure the timing difference between target cells and the reference cell in case of OTDOA.
A possible solution could be that positioning measurements is activated when a problem is expected to happen. For example, if downlink pilot signal strength or quality becomes worse than certain threshold values, positioning is activated. In connected mode, the network can obtain received signal power or quality for the UE using a normal RRM measurement and configure periodic positioning measurements if the radio condition becomes worse than the thresholds. In UTRAN, the SRNC configures positioning measurement by measurement control message and in E-UTRAN, the eNB requests positioning measurements to the E-SMLC via the MME. Concerning the idle mode case, measurement configurations for MDT in system information could indicate that the UE should initiate MO-LR procedure or RRC connection establishment so that the network can configure positioning measurements. 
In order to allow positioning measurements to be configured and performed successfully including assistance data delivery, the threshold values should have enough margin from the outage level. However if the margin is high, the UE may not experience the problems the network expects because the radio condition may stay the same or improve later. If so the UE waists its battery power for nothing. 
Proposal 1: It should be possible that measurement configuration for MDT should indicate deactivation conditions for positioning measurements including duration and thresholds.
Alternatively when the radio condition becomes worse than the threshold values, assistance data could be delivered to the UE and actual positioning measurement could be deferred later for example, when the UE goes out of coverage or the UE comes back to coverage.  In connected mode the network can obtain received signal power or quality for the UE using a normal RRM measurement and transfers the assistance data to the UE. In UTRAN, the SRNC can deliver the assistance data and in E-UTRAN, the eNB could request the assistance data delivery to the UE from the E-SMLC via MME. Alternatively the measurement configurations for MDT could deliver assistance data to the UE. For idle mode the measurement configuration could indicate that the UE should request assistance data delivery by MO-LR procedure or establish RRC connection (so that the network can deliver the assistance data in connected mode) if the radio condition becomes worse than the thresholds. 
The advantage of this approach is shorter latency in positioning measurements. In GNSS the UE can attempt to fix positioning measurements using the assistance data delivered in advance even when the UE is experiencing a problem for example a coverage hole in order to obtain accurate location of the problem area. In E-CID or OTDOA, the UE can start positioning measurements immediately after radio condition recovers. However, in order to provide appropriate assistance data, the radio network needs to know the UE positioning capabilities in advance. In E-UTRAN the UE should be able to provide its positioning capabilities as a part of its MDT capability in RRC connection setup complete message.
Proposal 2: It should be possible measurement configurations for MDT include assistance data or an indication that the UE should request assistance data delivery if a certain condition is met, e.g. radio condition becomes worse than thresholds. 
Proposal 3: It should be possible that the UE indicates its positioning capabilities as a part of MDT capabilities in RRC connection setup complete message.

In another alternative, the network could configure positioning measurements when the problem the UE is experiencing goes away, for example UE comes back to the coverage.  The previous examples attempt to acquire location information when the UE goes out of coverage. However if degradation of radio condition is rapid, there may be not sufficient time to configure the positioning measurements.  This alternative, on the other hand, attempts to acquire location information when the problem goes away. 
In the connected mode the network may configure positioning measurement just after successful completion of RRC connection reestablishment procedure by use of normal RRM measurement configuration. In UTRAN the SRNC uses measurement control message and in E-UTRAN the eNB will request positioning measurement to the E-SMLC via the MME. In idle mode measurement configurations for MDT could indicate that the UE should initiate RRC connection or MO-LR procedure if a certain condition is satisfied for example the UE returns to the coverage. 
Measurement configuration for MDT should include positioning request criteria and mode. The criteria should include the event identity and triggering condition.  The event identity can be set to “back to coverage” or “the serving cell signal strength or quality becomes worse than threshold” and triggering conditions include location request probability factor, positioning capabilities and valid range.  When the event occurs, the UE draws a random number. If the number is lower than the probability factor the UE is not allowed to initiate location request procedure. If the UE’s positioning capabilities do not match the indicated positioning capabilities, the UE is not allowed to initiate location procedure. Likewise, if duration of out of coverage is not within the valid range, the UE is not allowed to initiate location request. By the reporting range location request associated with very short lived or prolonging coverage problems (e.g being in elevator or watching TV in basement) can be prevented in order to reduce the network load.  
With regard to positioning request mode, it can be set to MO-LR (assistance data request), MO-LR (positioning measurement), and RRC connection establishment”. If RRC connection is requested the UE indicates MDT positioning request RRC connection establishment. The network would respond by normal positioning measurement for RRM and possibly collects logged information from the UE.
Proposal 4: It should be possible for the network to configure the UE to initiate RRC connection or location request upon return to the coverage area.
Proposal 5: It should be possible that measurement configurations for MDT include location request criteria and mode. The location request criteria include event identity and triggering conditions. The triggering conditions include location request probability factor, positioning capabilities or valid range to limit the number of location requests. The location request mode can be set to MO-LR for assistance data, MO-LR for positioning measurement or RRC connection request. 
Proposal 6: If the measurement configuration for MDT requests the UE to establish RRC connection request for positioning, the UE indicates MDT positioning request.
Positioning just after returning to the coverage may not produce accurate location information since number of visible satellites may small or neighbour cells for timing difference measurements are limited. Therefore the UE and the network should perform multiple available positioning methods if possible. For example while performing GPS positioning, the UE could choose a certain number of suitable neighbouring cells and measure pilot signal strength and quality for possible E-CID calculation. If the list of the cells for positioning is available to the UE the UE measures those cells.  Meanwhile, in the network side, the serving base station should measure AOA and received signal power if the UE is in connected mode.
3. Conclusions
We propose RAN2 to discuss and agree with the six proposals in the previous section.
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