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1. Introduction
In the previous RAN2#78 meeting, the necessity of including location information to the already defined events (Ax, Bx) other than event A2 and periodic was discussed. The following is the status of discussion at the last meeting:
FFS whether to allow location information reporting to all other exising Ax, Bx event triggered measurements. Details such as which measurement events to actually log should be configurable via OAM are FFS.
This documents clarifies further the necessity to enable inclusion of location information in Ax, Bx events and how the MDT configuration from OAM to eNB and from eNB to UE are performed. This document further proposes the MDT support of inclusion of location information in all events (not restricted to event A2 and periodic).
2. Necessity to include location information as part of event Ax, Bx measurement results
In real life drive tests, operators are not only interested in measurements that indicate the radio quality of network (RSRP, RSRQ) based on event A2 and periodic measurements as supported in Rel-10, but also in different kind of measurements that can be used to optimise overall network settings, e.g., measurements that show the actual intra LTE/ inter-RAT handover occurrence, measurements that show the coverage of pico cell in contrast to that of macro cell in the HetNet environment, etc. [1,2]. The following example shows the usefulness and benefit when location information is reported together with event Ax, Bx:
· Intra LTE HO use case:

Usually event A3 (neighbour becomes offset better than PCell) or event A5 (PCell becomes worse than threshold1 and neighbour becomes better than threshold2) is used to trigger intra LTE handover. As elaborated in [2], by including location information as part of measurements result of event A3/ A5, the network would be able to understand the RSRP, RSRQ together with location information when the handover is triggered. The network would be able to understand whether those handover are triggered as expected within the planned handover zone. If those handovers occur outside of the planned handover zone, then the UE may experience too early handover or too late handover. In this cases UE may experience bad radio experience which in some cases may lead to connection failure and in some cases may not. One may argue that too early handover, too late handover can already be analysed by utilizing MRO. MRO enables the network to analyse from input of failed handovers. As explained above, there might be cases when too early handover or too late handover does not cause connection failure.
Furthermore, location information reported with event A3/A5 gives information about the exact physical condition of the surrounding area (e.g., whether the location is near a tunnel, a bridge or buildings, etc.) when the handover occurs. This will help the operator to understand the root cause of bad radio condition during a certain handover and take this information into account when finding the most optimised solution for each problematic area.  With the visibility of physical location where the handover is triggered and in combination of MRO, the network has the necessary information to optimise the handover parameters. These information cannot be obtained only with event A2 measurement result. 

· Inter LTE HO use case:

Event B1 (Inter RAT neighbour becomes better than threshold) or B2 (PCell becomes worse than threshold1 and inter RAT neighbour becomes better than threshold2) may be used to trigger inter-RAT handover. The usage of these events is to understand the signal quality (RSRP, RSRQ) where the inter-RAT handover is triggered together with its physical location. This information can be used to see whether inter-RAT handover occurs within the planned inter-RAT handover zone and analyse whether too late handover or too early handover occurs. Similar with intra LTE handover case, in combination with inter-RAT MRO,  both failed and success handover cases in too late handover and too early handover together with the knowledge about the physical surrounding can be used by the network as input when finding the most optimised measures for each problematic area.
· Pico cell area mapping in HetNet environment:

Event A3 or event A4 (Neighbour becomes better than threshold) or A5 (PCell becomes worse than threshold1 and neighbour becomes better than threshold2) may be used to trigger addition of SCell for carrier aggregation in CA scenario 4, where SCell provided by pico cells. In this scenario, application of MDT to this events is useful for understanding the physical location of pico cell coverage, i.e., creating pico cell area map and analysing whether the coverage is as planned or not.
From the above explanation, great benefit can be gained by the network operator if different kind of events (Ax, Bx) can be reported with location information. The following is proposed: 

Proposal 1:
Inclusion of Location Information in measurements report for events other than A2 and periodic should be supported as part of Rel-11 Immediate MDT.
3. MDT configuration from OAM and eNB for inclusion of location information in event Ax, Bx

3.1 MDT activation approach for Ax, Bx measurement events

In the present specifications, dedicated measurement activation is performed for M1 measurement (e.g., RSRP and RSRQ measurements by UE) collection purpose. The OAM first indicates to the eNB which “reporting and logging trigger” of MDT event, e.g., event A2 or periodic measurements. Following the configuration from OAM, the eNB configures the relevant measurement events to the UE by sending RRCConnectionReconfiguration message including the setting of IE includeLocationInfo-r10 according to the condition reportMDT, i.e., only set if the trigger type is set to event A2 or periodic measurement.

	reportMDT
	The field is optional, need OR, in case triggerType is set to eventA2 or periodical; otherwise the field is not present.


For event Ax and Bx measurements, there are two approaches for activating Ax, Bx measurements: 1) similar with Rel-10, i.e., dedicated activation for each event, and 2) activation of all RRM events at the same time.
In approach 2), instead of activating MDT per each event, one MDT activation allows collection of all measurements events that are configured/ and going to be configured in the UE for RRM purpose. In this approach, M1 measurements collection is activated with “reporting and logging triggers” of , e.g., “all RRM event measurements”. The eNB receiving this type of activation will configure the UE such that the UE can include location information in all RRM event measurement reports.
Considering the amount of existing events today, approach 1) will result into additional signalling between OAM and eNB, and also slight additional memory and processing in the OAM to manage different MDT references. In this perspective, approach 2) is superior than approach 1). The amount of signalling between eNB and UE utilizing approach 2) is less than that of approach 1), assuming that in approach 1) the eNB may configure different reportConfig for the same event which already configured in the UE, just for MDT collection purpose.
Proposal 2:
M1 measurement collection for Ax and Bx events should be activated such that one MDT activation from OAM would activate the collection of all RRM measurements events that are configured/ will be configured in the UE.
3.2 Details on signalling for Ax, Bx measurements activation
OAM behaviour

Based on the above approach 2), for event Ax and Bx measurements, the following are signalled from OAM to eNB.
· MDT Type:



 Immediate MDT

· List of measurement:  
M1 measurement 

· Reporting trigger: 

All RRM measurement events
eNB behaviour

Upon receiving the configuration from OAM (or MME for Signalling MDT), the eNB will send RRCConnectionReconfiguration to the UE including, e.g., includeLocationInfo with no condition to restrict the inclusion of this IE to a certain trigger type of measurement. This can be realised by introduction of includeLocationInfo-r11 (with no condition) or removal of condition for includeLocationInfo-r10. The former would still allow event A2 or periodic only measurement collection, the latter would only allow collection of all measurement events. 
Upon receiving Ax, Bx measurements result from the UE, the eNB will collect/ log those measurement result as part of MDT measurement collection. 
UE behaviour

The UE receiving RRCConnectionReconfiguration including IE includeLocationInfo-r11 will include the Location Information (if available  and if the location information is not reported yet) whenever the associated event trigger is satisfied.
Note that the availability of location information may also utilised Rel-11 “requested location information”. If location information is available due to network request of GNSS activation, then this location information should be utilised when reporting measurements for Ax, Bx events.
The above signalling has a benefit of simple eNB control, i.e., the eNB does not need to be aware whether Immediate MDT is activated for which measurement event. No UE impact is foreseen for this signalling enhancement, either from Location Information inclusion behaviour nor from battery consumption perspective. The inclusion behaviour is the same as in Rel-10. Battery consumption for the measurements is not impacted since the measurements taken for MDT are the ones configured for RRM purpose, however battery consumption may be impacted if Ax, Bx events measurement collection is combined with “requested location information”.
Proposal 3:
RAN2 should discuss and decide the necessary signalling from OAM to eNB, from eNB to UE to support inclusion of Location Information in all measurement events (not restricted to only event A2 or periodic measurement). Impact to OAM should be notified to SA5.
4. Summary and Proposal
This document explained the necessity of inclusion of Location Information in all measurement events configured in the UE for RRM purpose. The necessary signalling from OAM to eNB, and from eNB to UE was clarified. 
Proposal 1:
Inclusion of Location Information in measurements report for events other than A2 and periodic should be supported as part of Rel-11 MDT.

Proposal 2:
M1 measurement collection for Ax and Bx events should be activated such that one MDT activation from OAM would activate collection of all RRM measurements events that are configured/ will be configured in the UE.
Proposal 3:
RAN2 should discuss the necessary signalling from OAM to eNB, from eNB to UE to support inclusion of Location Information in all measurement events (not restricted to only event A2 or periodic measurement). Impact to OAM should be notified to SA5.
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