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Discussion and Decision
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Introduction
In the TR we are still missing the NW architecture comparison in the conclusions sections. To be able to complete the study item successfully in the next RAN plenary meeting and thereby open a new MDT work item, RAN2 should agree and capture also this aspect to the TR. In this paper we compare different architectures and propose text to capture architecture aspects to the TR. 
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Discussion 
2.1
User plane solution

In this solution the DMS and UE establish a normal user plane connection, which can be used by the Network Manager to configure MDT functionality in the UE and by the UE to transport the measurements result to the Network Manager.

The configuration done by the network manager contains all necessary parameters to obtain meaningful measurement results such as measurement objects, measurement triggers when or where to measure, reporting intervals and triggers, etc. The combination of measurement triggers and reporting defines if results are transferred immediately or logged in UE before reporting. 
Configuration of the measurement is done individually to each UE where the MDT functionality is desired to be activated. Naturally DMS and Network Management system can have appropriate means to repeat this measurement configurations to the multiple devices based on e.g. IMSI or IMEI information.

When UE is transporting measurement results back to the network manager, the measurement results contains the measurement results as well as the necessary measurement objects so that desired format of measurement object database can be build in Network Management System.
The transport of the measurements is transparent to the eNB and core network.

2.2
Control plane-solution

In this approach measurements are configured to the UE by eNB by normal RRC signalling, based on Network Management Systems measurement definitions configured to eNB. The configuration in Network management system is expected to be on cell and Node B level, so that desired results are obtained from all or part of the terminals accessing to the cell. 

In typical situation measurement configuration to the UEs is done by using dedicated RRC signalling in RRC Connected state, but utilisation of broadcast signalling to setup some limited set of measurements for all devices accessing to the cell could be envisioned. 
The configuration contains the measurement objects, measurement triggers when or where to measure, reporting intervals and triggers, etc. The combination of measurement triggers and reporting defines if results are transferred immediately or logged in UE before reporting. As the eNB has knowledge of complete measurement set of the UE, the eNB can use the existing measurement configuration in the UE, and additional measurements (new measurements or existing measurements with new set of parameters) for MDT purposes when needed. 
The reporting of the measurement results are transported via normal RRC signalling to the eNB. If desired by the network management the eNB possibly combines them with appropriate results already available in the eNB. Further the eNB may associate basic measurement objects to the results such as Cell ID, time (if no UE logging is used for reported measurement).  
After collecting and possibly pre-processing of received the measurement result from the UEs, including the needed eNB measurement results and parameters available locally in the eNB, the measurement results including measurement objects are transferred onwards to the O&M database system.

In case that problem is specific to the certain subscriber(s) the detailed monitoring of the UE can be performed by already specified as “Subscriber and Equipment Trace” by SA5 [4]. It is apparent improvement of the trace functionality to utilise also measurement results obtained by MDT feature. This means that all the required interfaces and corresponding functional support is already specified, and can be reused with only very minor modifications.

Finally as all results are available at eNB, the network vendor may utilise this information when developing different algorithms for SON purposes.

2.3
Comparison of alternatives
2.3.1 Measurement configuration

User plane approach:

- UE specific, network management system can utilise same measurement configuration for multiple UE but targeting the measurement to certain network area is difficult as UEs operating desired area needs to be  identified first.

- Measurement configuration needs to contain desired measurement objects and triggers as well as reporting triggers and intervals to the UE.
Control plane approach:

- Network specific, network management system can enable MDT measurement on certain network area. Utilisation of trace feature enables to utilise MDT feature and results on subscriber or devices specific level.
-  Measurement configuration needs to contain desired measurement objects and triggers as well as reporting triggers and intervals to the E-UTRAN / UTRAN. E-UTRAN/UTRAN configures necessary measurements to UEs.
Summary: 
In general, there seems to be significant principle difference how the measurement configuration is done. The U-plane solution is UE centric as the C-plane is network centric. Thus initiating MDT on certain network area is seen significantly simpler in C-plane approach. If the MDT functionality is needed on certain subscriber or subscriber group to be initiated the C-plane approach needs to utilise trace feature, to collect results subscriber or devices specific.
2.3.2
Measurement Reporting
User plane approach:
- The measurement report from UE needs to contain all necessary information together with measurement results to be able to build up required result MDT database. Such information is the measurement object (cell, cell pairs in handover performance, or physical channel, timestamp etc.)
- Due to lack of any information about the network performance, a MDT reporting, delivered periodically or when the UE has encountered a problem, cannot be accurately directed to certain network conditions. 
- Measurement logging before reporting is possible
- Combination with other network information (network measurements and parameters) needs to be done afterwards combining the data in MDT database and data obtained from traditional O&M database. Since information on the underlying network situation necessary for proper analysis of the overall network performance, the findings based on only MDT measurement provided by UEs is not sufficient.
- Reporting load seen as normal user plane data transfer by radio access, therefore load control in radio access is based on normal user plane prioritisation rules. Network servers and databases collecting MDT data needs to be protected separately for possible overload.
Control plane approach:
- The measurement report from UE needs contain measurement results and some other additional information regarding the measurement objects etc. However, as eNB is configuring and is a recipient the UE measurements, obtained results can be aggregated and pre-processed on eNB level, and only relevant results need to be transferred to the O&M database servers. Therefore, eNB can provide additional information regarding the measurement to the O&M. 
- Measurement logging before reporting is possible, if deemed necessary
- Radio access network can have additional triggers to initiate MDT measurement reporting from UE based on specific network conditions. Thus the utilisation of MDT functionality can be directed to the certain network condition.
- Combination of other network information (network measurements and parameters) and MDT data gathered for network performance evaluation is straightforward. The UE conditions (e.g. set of RSRP, RSRQ, location information) and network conditions (e.g. traffic distribution, number of resource blocks) etc. are available at O&M servers in comparable format enabling to figure out a complete picture of the network 
- Reporting load seen as separated function by radio access, therefore load control in radio access can take MDT functions into account, so that reporting load can be handle by air interface as well as the eNBs. Data transfer from eNB to O&M can be done based existing eNB – O&M interface in controlled manner so that load in O&M servers remains in acceptable level. 

Summary:

In overall the measurement reporting generated by the UE needs to contain significantly more information regarding measurement objects, for e.g. optimising neighbouring cell list the UE would need to report all cell pairs (cell where located during measurement and measurement cell) separately, so that obtained results can be collected into database in U-plane approach. In C-plane approach the eNB can add significant amount of such information so that reporting format from UE can be expected to simpler. 
Additionally, the MDT functionality is somewhat “always on” in UE when configured by Network management system in U-plane approach. However, in C-plane approach there can be radio access network dependent triggers that need to be fulfilled before MDT is configured to the UE.
2.3.3
Usability of MDT measurements for SON/RRM
User plane approach:
- Measurement results from the UE are not available to the radio access network or SON entities directly. Therefore additional efforts would be needed to provide this information for SON purposes.
Control plane approach:
- Measurement results from the UE are available to the radio access network or SON entities directly. It is apparent approach that the existing SON functionality can and will be enhanced with MDT measurements.

Summary:
In general, it would be valuable opportunity to utilize SON/MDT measurements simultaneously (if possible) in the NW to get best gain from both features. Additionally this would ensure that we avoid making similar measurements for both purposes.
2.3.4
Number of UEs available

User plane approach:
- The current agreement in RAN2 is that MDT functionality is optional for the UEs. 
Therefore only a subset of the UE population may support the minimization of the drive feature overall. 

- It is not clear how the optional support of certain specific part in MDT feature is decided. 
- Utilisation of UEs from previous releases fails to utilise measurement results available in radio access network. However, the combination of there results with MDT specific results would require additional efforts between MDT and  O&M databases.

Control plane approach:
-As eNB can always ensure that the configuration of measurements for MDT purposes matches the capabilities of the UE. Thus even UEs from earlier releases can be used for MDT as any UE will support at least normal RRM measurements. As the results are available at eNB the combination of these results new results defined in MDT work is straightforward.

- However some information (e.g. positioning information if available) might be better available from UEs with special MDT support, and obviously such UEs and their special capabilities can also be used e.g. location or any new MDT/SON specific measurements. If these features are mandatory or optional for UEs can be decided during measurement definitions.
Summary:

So in general it seems to be favourable to make the solution such that number of UEs available for MDT purposes is high enough and the solution is simple enough so that many UEs will be able to support it to ensure early deployment of MDT – Anyway the MDT has most usefulness in the early phase of NW deployments. 
2.3.5
NW impact

User plane approach:
- Can be deployed without support from the radio access network. 
- Depending on where the MDT functionality is located in the network, updates (and possibly new interfaces) to other network nodes may be needed. 

- Additionally load control and scalability of the MDT functionalities needs to be handled separately 
Control plane approach:
- The C-plane approach needs eNBs to support MDT functionality.
- Existing interface between E-UTRAN and Network Management System can be used.
- Load control and scalability of the MDT functionalities can be handled with interface between eNB and O&M servers similar manner as any measurement reporting currently provided by eNBs.

Summary:
The C-plane functionality needs additional support from radio access network, E-UTRAN and UTRAN. However, these additions are aligning with current network management system architecture. The MDT functionality can simply seen as new additional measurement results. Even though U-plane solution does not require such modifications to E-UTRAN and UTRAN, significant work is needed in O&M and “MDT servers” if data from both systems are used together.
2.3.6 UE complexity
User plane approach:
- UE would need to implement a new reporting mechanism function that is not existing for other purposes, this would increase the UE complexity. 
- If the MDT measurements are configured incorrectly, there is a risk of conflict with mobility measurements and/or positioning for other purposes. Thus UE needs to have some mechanism to avoid incorrect/unreasonable configurations

- The load from MDT measurements can be significant (e.g. 4 Mbytes per measurement per 24 h was mentioned in [2]), and reduce the application performance for all applications running in the UE.
Control plane approach:
-  Existing measurements (e.g. standardized eNB measurements in 36.314, eNB logging and tracing capability) can be used also for MDT purposes. 
- Additionally normal RRC based reporting is utilizing existing reporting structure can be extended to cover MDT. Therefore there is no need to duplicate existing functionality in the UE. This would simplify the UE implementation and testing as there would not be new reporting mechanisms in the UE. 
Summary:

In C-plane approach all MDT related functionalities introduced in UE can be evaluated together with all other E-UTRAN, UTRAN functionalities to keep introduced UE complexity in desired level. Existing features and new firstly only for MDT purposes defined features can be reused in future. Synergy between different features can be deployed in E-UTRAN, UTRAN level.
As U-plane solution introduces completely new architecture which is outside of TSG-RAN such reutilisation of features and synergies is more difficult.
2.3.7
Impact of Roaming terminals, MVNO and Network sharing

User plane approach:
Feasibility of user plane reporting is negatively impacted by architectural constraints in the case of roaming UEs, many Mobile Virtual Network Operators (MVNO) architectures and in access network sharing scenarios. 

- User plane bearer of a roaming UE is typically terminated in the core network of the home operator/ roaming partner. Even if it is terminated in the visited network, the DM server of that terminal will still be in the home network. Measurements of access network performance by a roaming partner are neither useful nor desired.  U-plane architecture has no means of preventing that. 
- Similarly, the MVNO UEs may have U-plane bearer terminated in a different core network. 

- Similar issues will be faced in complex network sharing arrangements with multiple core networks being connected to one access network.

Therefore, in certain scenarios most UEs might be excluded or even be undesired for performing the measurements and reporting. 

Control plane approach:
All UEs connected to access network can perform measurements and reporting, covering roaming UEs, MVNO UEs and any conceivable network sharing architectural arrangements.

Summary:

The C-plane architecture supports  roaming, MVNO and network sharing scenarios. U-plane architecture does not supports these scenarios without additional definitions. Therefore significant efforts would be needed to cover these scenarios in addition to ensure that roaming partners are not  monitoring and measuring visited access networks performance. 
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Conclusion
In this contribution we have discussed numerous MDT architecture aspects, which should facilitate the definition of Work Item.
Proposal: In order to accelerate the work in progress and move towards WI phase it is proposed for RAN2 to conclude Control Plane based architecture to be used for minimization of drive tests and inform RAN#46 to enable WI creation. 
Based on the proposal we suggest incorporating the following TP into the TR:

Beginning of Text Proposal
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Conclusion 
[Editor’s note 1: This section captures the conclusion of the study. The trade-off between benefits (in section 6) and complexities (in section 7) will be considered. The section can be formulated in such a way that its contents can be used as an input to further specification work if necessary.]

[Editor’s note 2: Inter-relations between SON functions and the measurements for minimization of drive tests will be assessed in order to avoid duplication.]
The following main conclusions were drawn in the study from the requirements for Minimization of Drive Tests.
1. MDT use cases: The most important use case for operators initially is on coverage optimisation; therefore the work on MDT should focus on this use case.
2. MDT measurements: Following UE measurements (or similar functionality) are considered with focus for this use case:

•
Periodical downlink pilot measurements

•
Serving Cell becomes worse than threshold

•
Transmit power headroom becomes less than threshold

•
Paging Channel Failure (PCCH Decode Error)

•
Broadcast Channel failure

3. MDT measurement location association: In order to allow (i.e. during operator post-processing) the association between MDT measurements and position where the MDT measurement was taken, available positioning information in the UE is reported to the network together with the MDT measurement results.
4. MDT measurement time association: In order to allow (i.e. during operator post-processing) the association between MDT measurements and time when the MDT measurement was taken, time stamping for the MDT measurements is added by the UE if it cannot be determined by the network (e.g. immediate reporting). This timestamp does not need to be very accurate.
5. MDT architecture conclusions has been drawn with respect to:
•
Measurement configuration: In order to activate MDT functionality on certain network area, certain subscriber or subscribers group, C-plane approach is seen significantly simpler.
•
Measurement reporting: The reporting generated by the UE needs to contain significantly more information regarding measurement objects, for e.g. optimising neighbouring cell list the UE would need to report all cell pairs separately, so that obtained results can be collected into database in U-plane approach. In C-plane approach the eNB can add significant amount of such information so that reporting format from UE can be expected to simpler.
•
UE battery impact: UE when configured by Network management system in U-plane approach has the MDT functionality “always on”. In C-plane approach there can be radio access network dependent triggers that need to be fulfilled before MDT is configured to the UE saving UE battery.
•
Usability of MDT measurements for SON: In case of C-Plane based transport mechanism SON/MDT measurements can be used simultaneously (if possible) in the NW. Additionally this ensures that we avoid making similar measurements for both purposes.

•
Number of UE available: With the C-Plane architecture the population of the UEs reporting back can be significantly improved and more reliable. In addition the solution utilizing normal RRC signalling makes the number of UEs available for MDT purposes high enough to ensure early deployment of MDT can be considered.
•
NW impact: The C-plane functionality needs additional support from radio access network, E-UTRAN and UTRAN. However, these additions are aligned to the network management system architecture. The MDT functionality can simply see as new additional measurement results. Even though U-plane solution does not require such modifications to E-UTRAN and UTRAN, significant work is needed in O&M and “MDT servers” if data from both systems are used together.
•
UE complexity: In C-plane approach all MDT related functionalities introduced in UE can be evaluated together with all other E-UTRAN, UTRAN functionalities to keep introduced UE complexity in desired level. Existing features and new firstly only for MDT purposes defined features can be reused in future. Synergy between different features can be deployed in E-UTRAN, UTRAN level. As U-plane solution introduces completely new architecture which is outside of TSG-RAN such reutilisation of features and synergies is more difficult.
•
Impact of Roaming terminals, MVNO and Network sharing: the needs are met by the C-plane functionality only. U-plane functionality does not meet the needs, plus allows roaming partners to monitor and measure visited access networks performance. 
End of Text Proposal
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