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1
Introduction
At RAN2#77bis, solutions for enhancing the availability of detailed location information for MDT were discussed, and the following agreement was made [1]:
-
For immediate MDT the eNB can request the UE to attempt to make GNSS location information available (use of SUPL is not prohibited).
This paper analyzes the desired behaviour of the UE when location information is requested by the network, as well as the impacts to RAN2 specifications:
-
in section 2.1, general considerations for Rel-11 location information are discussed that are applicable not only to “requested” GNSS location, but also to RF fingerprint information and “available” GNSS location;
-
in section 2.2, “requested” GNSS location for Immediate MDT is discussed;
-
in section 2.3, “requested” GNSS location for Logged MDT is discussed.
2
Discussion
2.1
General considerations
It is important to be able to associate location information with MDT measurements, so that operators can identify specific areas within a cell where problems may exist.  
For Immediate MDT in Rel-10, location information is provided by the UE in MeasurementReport messages when the UE is configured with measurement M1 (RSRP and RSRQ).  In the case of measurement M1, there is no extra work in the UE or network to associate the MDT measurement with location information since the two are reported together by the UE in the same MeasurementReport message.
For Immediate MDT in Rel-11, new MDT measurements are introduced including ones that are performed by the eNB (e.g. Scheduled IP Throughput).  In order to associate the new MDT measurements with location information, RAN2 has agreed that the location information included in MeasurementReport messages can be correlated with the new MDT measurements, either at the eNB or the TCE (based on timestamps) [2].  Therefore, if the network is relying on location information being provided by the UE, it should attempt to ensure that:
-
measurement M1 is configured concurrently with other MDT measurements; and
-
the reporting trigger for measurement M1 is periodic, with a reporting interval sufficiently short such that valid location information is typically available whenever an MDT measurement result is obtained.
In Rel-11, an MDT measurement result can be obtained:
-
at regular intervals (i.e. periodic), such as RSRP by UE;

-
at regular or irregular intervals that are never shorter than a configured value (i.e. measurement period), such as Scheduled IP Throughput by eNB;
-
at irregular intervals (i.e. event triggered), such as Power Headroom by UE.
Therefore, when the eNB uses measurement M1 to obtain location information concurrently with other MDT measurements, the desired periodicity of measurement M1 (i.e. reportInterval) depends on the MDT measurements that are part of the MDT job, as well as other potential factors, and can be derived by the eNB based on implementation.  For example:
-
for MDT measurements which include a measurement period, a suitable reportInterval could be the same as the measurement period. 
-
for MDT measurements which are event triggered, a suitable reportInterval could correspond to an implementation specific “validity period”, i.e. a time interval when location information is still considered fresh.
Other potential considerations when setting the reportInterval could be cell load, UE battery consumption, UE speed (if an estimate is known), etc.
Proposal 1:
When using measurement M1 (RSRP and RSRQ) to obtain location information from the UE, the value of reportInterval is determined by the eNB based on implementation (e.g. based on the MDT configuration).  There are no impacts to RAN2 specifications.
2.2
Requested location for Immediate MDT
For “requested” location, the eNB must indicate to the UE that GNSS location information should be provided when reporting measurement M1.  The operation can be expected to be performed as follows:

Step 1:
UE receives an indication (e.g. in MeasConfig) from the eNB that the UE should attempt to make GNSS location information available for MDT, on a periodic basis.
Step 2:
UE determines if GNSS location can be activated; if so, then it attempts to acquire periodic GNSS location estimates for MDT.
Step 3:
UE provides GNSS location information to the eNB (if available) in periodic MeasurementReport messages.

Step 4:
UE receives an indication from the eNB that the UE is no longer requested to attempt to make GNSS location information available for MDT.

The first step requires the addition of a new indicator in RRC signalling, e.g. in MeasConfig, which is used to indicate whether GNSS location is being requested for MDT purposes.  The MeasurementReport messages that are to contain the GNSS location information are the ones linked to a measurement reporting configuration that includes the includeLocationInfo IE (existing Rel-10 functionality).  Based on Proposal 1, the UE should interpret the value of reportInterval in any measurement reporting configuration that contains the includeLocationInfo IE as the desired periodicity of GNSS location estimates (which could be mentioned as a note in the specification).
The second step involves UE internal behaviour, e.g. interactions between the LTE protocol stack and other modules within the UE, retrieval of GNSS assistance information, etc.  This behaviour is outside the scope of 3GPP specifications.

The third step describes existing Rel-10 functionality, so nothing new is required.

Finally, in the last step, the same indicator used to indicate that GNSS location is being requested can also be used to indicate that GNSS location is no longer being requested.
Proposal 2:
To support “requested” GNSS location for Immediate MDT, RRC signalling should be enhanced to convey an indication (e.g. in MeasConfig) that GNSS location information is being requested by the eNB for MDT purposes.  The UE procedures associated with the indication are out of scope of 3GPP specifications.

The UE may be unable to acquire GNSS location, e.g. when indoors.  In this case, it can be assumed that the eNB is able to determine this based on the absence of GNSS location information in received MeasurementReport messages.  After some period of time, the eNB can decide to deconfigure MDT for that particular UE if GNSS location is really required.
The UE may also be in a state where it would like to avoid performing GNSS location or may suspend GNSS location while MDT is still active, e.g. due to low battery or other reasons.  Although it is preferred from an MDT perspective that this not happen, it does not seem feasible to prevent it in the specifications.  

Proposal 3:
There is no need for any feedback from the UE, e.g. if the UE determines it is unable to acquire GNSS location, or determines to suspend GNSS location. 

2.3
Requested location for Logged MDT
According to [2], it is FFS whether “requested” location is also applicable to Logged MDT. 

If “requested” location was supported also for Logged MDT, the UE would need to receive the request while in RRC_CONNECTED state (e.g. in loggedMeasurementConfiguration).  The UE would then attempt to acquire periodic GNSS location while in RRC_IDLE for the duration of measurement logging.  Unlike Immediate MDT, there is no opportunity for the network to deconfigure measurement logging if the UE is unable to acquire GNSS location.
Also, from the user perspective there could be a noticeable impact to UE power consumption (i.e. reduced standby battery life) and a greater perceived impact to user privacy.  This in turn can reduce users’ willingness to consent to MDT, unless there is separate consent for “requested” location or for Logged MDT (which does not seem desirable).
Proposal 4:
Requested GNSS location is not supported in Rel-11 for Logged MDT. 

4
Conclusion
This paper has discussed the desired behaviour of the UE when location information is requested by the network, as well as the impacts to RAN2 specifications.  The following is proposed:

Proposal 1:
When using measurement M1 (RSRP and RSRQ) to obtain location information from the UE, the value of reportInterval is determined by the eNB based on implementation (e.g. based on the MDT configuration).  There are no impacts to RAN2 specifications.

Proposal 2:
To support “requested” GNSS location for Immediate MDT, RRC signalling should be enhanced to convey an indication (e.g. in MeasConfig) that GNSS location information is being requested by the eNB for MDT purposes.  The UE procedures associated with the indication are out of scope of 3GPP specifications.

Proposal 3:
There is no need for any feedback from the UE, e.g. if the UE determines it is unable to acquire GNSS location, or determines to suspend GNSS location. 

Proposal 4:
Requested GNSS location is not supported in Rel-11 for Logged MDT. 
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