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1. Introduction

Minimization of drive tests has been an operators’ priority for their next generation networks since the early stages of the discussion on SON [1]. It was recently re-iterated as a major NGMN requirement for Release 9 [2].  Acknowledging this requirement, SA5 has established the minimization of drive tests as the requirement for the Coverage and Capacity SON Function in TS32.521 [3]. In the joint RAN3-SA5 meeting in January 2009, the work split between SA5 and RAN groups on the topic of minimizing drive tests was agreed [4]. Based on this agreement, SA5 has discussed use cases for minimising the drive tests. The SA5 findings were communicated to RAN2 via LS [8]. RAN2 should start their own discussion on the use cases and solutions for minimising drive tests using the SA5-defined use cases as an input. Once the requisite measurements are defined, SA5 could provide OAM support for the solutions defined by RAN2.
As indicated in the attachment of LS [8], it is important that measurements for minimizing drive tests should focus on the network performance related information that can only be collected via drive tests. In this document we discuss UE measurements candidates for minimizing drive tests.
2. High level requirements
In this document we assume the following high level requirements. It should be noted details for some of the items are out of scope of RAN2 work. This is provided for the sake of progress of RAN2 work. 
UE / network interaction

The UE should be able to communicate its capability to an OAM network entity (e.g. SON server), including:
· UE measurement capability (e.g. GPS, time stamp)
· UE logging capability (e.g. number of logs, supported log triggers)
· UE reporting capability (e.g. frequency of reporting)
This in turn enables the SON server to configure the appropriate measurements, and reporting policy at the UE.
UE measurement logging

The UE should be able to log measurements configured by the OAM network entity. It should be possible that the OAM network entity configure the scope of UE measurement logging (e.g. PLMN, Tracking Area, cell(s)). Actual measurement logs are discussed further in the following sections.
UE reporting

The UE should be able to report UE logs based on the reporting policy configured by the OAM network entity. We do not expect real time reporting upon UE logging as it is done in the existing event triggered reporting today.
3. Measurement logging
In the following subsections, we suggest the structure that UE measurements are logged at the occurrence of predefined “events” (e.g. periodic trigger, a failure event). UE measurements that are commonly required for different events are called “basic measurements” (section 3.1). There are also additional measurements and information that need to be logged in specific events, which are defined under each event log description (section 3.2).
Basic measurements

· Positioning measurement (if available)
· Time stamp

· Cell identification

· Radio environment measurements
Log triggers
· Periodical timer based

· Serving cell becomes worse than threshold
· RRC connection re-establishment

· Random access failure

3.1. Basic measurements

There are essential measurements for drive tests. Those basic measurements are logged at the occurrence of certain “events”. Obtained UE logs will be eventually reported to the OAM network entity. 
It is desirable that availability of those basic measurements be not dependent on the measurement configuration given to the UE by the radio access network (e.g. availability of inter-frequency or inter-RAT measurement depends on the radio access network configuration of measurement gap). The measurement triggers should be based on existing measurements available in the UE. .
We consider UE measurements for minimizing drive test can be categorized into the following types. The definition of those measurement types can be considered as an indicator for additional impact to the UE implementation or additional system complexity.
Type A:
Existing UE measurements that are always performed during the course of normal operations

Example: Serving cell measurement, Acquisition of Cell Global Identity from the serving cell 
Type B:
Existing UE measurements that are available only if the configurations by radio access network happen to allow it
Example: Inter-frequency measurement, inter-RAT measurement
Type C:
Existing techniques that are independent from radio access network functions or configurations. Availability may depend on UE capability

Example: GPS measurement, time stamp
3.1.1. Positioning measurement

RRC level measurements used for radio coverage (e.g. for handover triggering) and interference coordination (ICIC) only provides information about “relative” coverage of the serving cell with respect to neighbouring cells. Exact location of the UE is not known to the network from the UE measurement reporting.
Location information is a key element in drive tests and UE measurement for minimizing drive tests shall provide the same. It would be preferable to select a positioning method / measurement that is independent of radio access network functions or configurations.
The availability of this measurement would depend on the UE capability and may depend on other related UE activities (e.g. for other positioning related application).
	Measurement
	Definition
	Remarks
	Type

	Location
	· Location at which concerned event and/or measurements took place
	
	C


3.1.2. Time stamp

Information about frequency of a particular event would be beneficial for network optimization purpose. Some form of time stamp information is needed to facilitate a time domain analysis of “events” in OAM network entity.

	Measurement
	Definition
	Remarks
	Type

	Time stamp
	· Time at which concerned event and/or measurements took place
	
	C


3.1.3. Cell identification

Cell measurements by the UE acquired by the OAM network entity are meaningful only if the OAM network entity can identify the cells reported by the UE. The Physical Cell Identity does not provide adequate property and instead a reported cell can be uniquely identified by the OAM network entity with Cell Global Identity (CGI).
It should be noted that the UE is not required to acquire the CGI of the cell that the UE is connecting to (the current cell) in the normal operations. The reading of CGI of neighbour cells is activated by the radio access network for particular purposes such as SON-ANR measurement and requires “idle period” created by DRX operation.
It is true however that it is mandatory for the UE to read the system information block containing the CGI from the “current” cell. This means that this measurement can be configured by the OAM network entity regardless of configurations given by the radio access network with negligible impact to the UE. CGI of the serving cell can be used as the reference to other reported cells that are identified only by the Physical Cell Identity. The OAM network entity could look up "neighbour relation" information obtained by other means, such as SON-ANR function.
	Measurement
	Definition
	Remarks
	Type

	Cell Identification
	· CGI of the serving / current / relevant cell at which concerned event took place
	
	A


3.1.4. Radio environment measurements

Radio environment measurement (cell measurement) is also an essential element for drive tests. It should be noted that the UE is only required to perform the measurement of serving cell without any measurement configuration. The measurements of neighbour cells are performed only when configured by the radio access network.

Intra-frequency measurement could be configured by the OAM network entity regardless of radio access network configuration since there is no associated function or configuration that is necessary which can only be configured by the radio access network. However we do not see this necessary since we assume that intra-frequency measurements would be available for a certain period before and after a related mobility event where the measurements need to be logged.
Availability of inter-frequency and inter-RAT measurement depends on the configuration of measurement gap by the radio access network. But again similarly to intra-frequency measurement, it would be sensible to assume that those measurements are available for a certain period before and after a related mobility event.
	Measurement
	Definition
	Remarks
	Type

	Radio environment measurement
	· Cell measurements that are available
	
	A,B


3.2. Log triggers
In the following subsections we are looking into trigger or events that cause the UE to log measurements. Location based logging is possible for any of logs defined in the following. The OAM network entity configures the scope of UE measurement logging (e.g. PLMN, Tracking Area, cell(s)), at which those logs need to be taken by the UE.
3.2.1. Periodical timer based

The basic measurements discussed in section 3.1 themselves are already valuable information for network optimization purposes if they are logged at certain triggers configured by the OAM network entity. One simple approach is to take measurement logs periodically (with taking only a single sample being a special case). This allows the operator to randomly collect radio environment measurements from the UEs in the network, e.g. to obtain “coverage plots” type of information. 
	Trigger: Periodical timer based

Triggered when configured periodical timer expires. (Parameters such as “periodic timer” and “the number of logs needs to be taken” are configured by the OAM network entity.)

	Measurement
	Definition
	Remarks
	Type

	Location
	· Location at which concerned trigger took place
	
	C

	Time stamp
	· Time at which concerned trigger took place
	
	C

	Cell Identification
	· CGI of the serving / current cell at which concerned trigger took place
	
	A

	Radio environment measurement
	· Cell measurements that are available at the occurrence of the trigger, or during a certain period after the occurrence of concerned event
	
	A,B


3.2.2. Serving Cell becomes worse than threshold 
Another metric that can be used for triggering UE logging is a comparison-based event trigger. This allows the operator to collect radio environment measurements from the UEs only at given radio conditions that are of their interest.
	Trigger: Serving cell becomes worse than threshold 
Triggered when a cell becomes worse than the preconfigured threshold.

	Measurement
	Definition
	Remarks
	Type

	Location
	· Location at which concerned trigger took place
	
	C

	Time stamp
	· Time at which concerned trigger took place
	
	C

	Cell Identification
	· CGI of the serving / current cell at which concerned trigger took place
	
	A

	Radio environment measurement
	· Cell measurements that are available at the occurrence of the trigger
	
	A,B


3.2.3. RRC connection re-establishment

The radio access network can be aware of the occurrence of connection re-establishment, e.g. by seeing connection re-establishment attempt from the UE, but will not know in what location and radio conditions the connection re-establishment procedure was initiated and what the cause of the failure was. This is especially true when any connection re-establishment attempt from the UE was not detected by the network (RRC connection re-establishment failure).
Drive tests are able to capture sequences of events happened and radio environment measurements, preceding the failure event.

	Event: RRC connection re-establishment
Triggered when a random access procedure failure occurs as defined in TS36.321 [7].

	Measurement
	Definition
	Remarks
	Type

	Cause (initiation)
	· Cause of connection re-establishment procedure initiation
	E.g. ‘RLF’, ‘Security failure’, ‘Reconfig failure’
	A

	Cause (initiation)
	· Cause of connection re-establishment failure (if applicable)
	E.g. ‘No suitable cell found’, ‘Timer expiry’
	A

	Location
	· Location at which concerned event took place

· Location at which concerned measurements took place
	
	C

	Time stamp
	· Time at which concerned event took place

· Time at which concerned measurements took place
	
	C

	Cell Identification
	· CGI of the cell at which connection re-establishment procedure is initiated

· CGI of the cell at which connection re-establishment failure is experienced (if available)
	
	A

	Radio environment measurement
	· Cell measurements that are available at the occurrence of the event

· Cell measurements that are available during a certain period before and after the occurrence of concerned event
	
	A,B


3.2.4. Random access failure

Dimensioning of radio resources allocated for the random access related signal and message is important to ensure desired coverage and to control the collision probability.  In case of random access failure, detailed cause of the failure is not known to the network. Further more the network can not identify series of random access attempts from a single UE due to the randomness of preamble selection performed by the UE.
This event covers failure of random access procedure for any purpose, i.e. initial access, MAC-initiated, handover or connection re-establishment. Availability of dedicated preamble in a failed random access can provide further information for the purpose of preamble partitioning optimization.
	Event: Random access failure
Triggered when a random access procedure failure occurs as defined in TS36.321 [7].

	Measurement
	Definition
	Remarks
	Type

	Cause
	· List of the failure cause for each failed attempt
	E.g. ‘Random Access Response not received’, ‘Lost in contention resolution’
	A

	Random access configuration
	· Availability of dedicated preamble
	Yes / No
	A

	Location
	· Location at which concerned event took place
	
	C

	Cell Identification
	· CGI of the serving / current cell at which concerned event took place
	
	A

	Radio environment measurement
	· Cell measurements that are available at the occurrence of the event
	
	A,B


4. Use cases

In this section we discuss use cases of the UE measurement logs that are proposed in the previous sections. It should be noted that the intention is not to have one-to-one mapping between use cases and UE measurement logs and it is possible that a given measurement log relates to multiple use cases.

The use cases are taken from the attachment of SA5 LS [8].
4.1. Coverage and capacity optimization

Ensuring and optimizing coverage and maximizing capacity are essential operational tasks for an operator. UE logs from measurement of reference channels can be utilized as indicators for coverage. It is also possible scenario that an operator has already identified coverage problems of particular areas and tires to gather radio environment measurements further from those areas.   
The following measurement triggers can be mapped to this use case.
· Periodical timer based

· Serving cell becomes worse than threshold
· RRC connection re-establishment

· Random access failure

4.2. Mobility robustness optimisation
Mobility is characterized by service disruption (e.g. data interruption, missed paging). Mobility parameters are chosen to avoid unexpected radio link loss events or unnecessary mobility events (e.g. ping-pong). UE measurement logs directly provide the occurrence of those events experienced by the UE together with radio environment measurements around the event occurrence.
 The following measurement trigger can be mapped to this use case.

· RRC connection re-establishment
4.3. Interference reduction
Network capacity is directly affected by interference experienced in the network, making interference mitigation one of the most important challenges for operators.  Statistical analysis of user distribution and radio environment in given geographical areas can be utilized for optimizing resource usage in those areas.
The following measurement triggers can be mapped to this use case.

· Periodical timer based
· Serving cell becomes worse than threshold
4.4. RACH optimisation
Optimization of RACH power setting can ensure the UL coverage for the UE access. Radio resources used for RACH should be dimensioned so that the collision probability is manageable and acceptable from the view point of user experience.
The following measurement log can be mapped to this use case.

· Random access failure
4.5. Energy savings
Energy savings of the network, e.g. based on cell switch on/off, is becoming an important factor for operators not only for cost saving, but also for cutting greenhouse gap emissions. Statistical analysis of user distribution and radio environment in given geographical areas can be utilized for optimizing resource usage in those areas.

The following measurement log can be mapped to this use case.

· Periodical timer based
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