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1
Introduction
Minimization of Drive Tests (MDT) is a SI in 3GPP, with RAN2 having the primary responsibility and RAN4 the secondary responsibility [1]. During RAN#45, it was decided that the SI would be closed and WI opened at RAN#46 [2]. RAN2 has been studying the MDT heavily during the latest meetings (see e.g. [3] and [4]) and in e-mail discussions (see e.g. [5]). RAN4 has not been studying MDT issues at all due to tight time schedules and also because it has taken some time for the use cases which need to be evaluated to become clearer in RAN2, even though it is a secondary responsible in the SI. The conclusion from RAN#45 was that RAN4 should get involved especially for providing input the section 7 “Impact Analyses”of the TR 36.805 as early as possible in order to ensure timely completion of the study item work. The current version of the TR does not contain impact analyses. This document discusses briefly the evaluations currently done in RAN2 in the MDT area, building on the introduction we provided during RAN4#52 in [6], and discusses possibilities for RAN4 involvement and especially evaluating UE impacts firstly in the SI phase and later in the WI phase.
2
MDT Use Cases
There are 5 MDT use cases listed in 36.805 [1]: Coverage optimisation, Mobility optimisation, Capacity optimisation, Parameterization of common channels and QoS verification. Further, certain measurements have been proposed and agreed in RAN2 for MDT uses. These UE measurement logging capabilities are shown in Appendix I, with the agreed measurement logging capabilities listed in bold text. There has been some technical analysis and a lot of discussion on the use cases (see [3] for technical analysis and e.g. [4] for discussion), but the analysis has been somewhat limited on technical level. 
In the chapter 2.2, as an example, we discuss some further details and implications of UE MDT measurements and especially measurement logging. In chapter 3 we show some example results for analysing MDT use cases and how these use cases could be solved in an accurate manner e.g. real reasons for potential problems in the network are identified. We believe that the RAN4 involvement in the abovementioned areas is required to ensure solid feasibility study conclusions and facilitate the definition of meaningful objectives for the future WID.
2.1 UE Measurement logging for MDT purposes

TR36.805 [1] states that “The operator shall be able to configure the UE measurements for the UE logging purpose independently from the network configurations for normal RRM purposes.” It also notes that “Measurement logs usually consist of multiple events and measurements taken over time” and “It shall be possible to collect measurement logs preceding a particular event (e.g. radio link failure).” 

The following measurement logs have been currently agreed for MDT usage (see Appendix I for all proposed measurement logs): Periodical DL pilot measurement log (already possible with RRC-configured measurements), “Serving cell becomes worse than threshold” – measurement log (already defined in LTE as RRC measurement event A2), “Transmit power headroom becomes worse than threshold” – measurement log (UPH measurement has already been defined, but the usage of this measurement has not been analysed in details yet in RAN2) , “Random access failure” – measurement log
 (containing details of RA failures, possibly not based on existing measurements), “Paging channel failure (PCCH decode error)” – measurement log (possibly not based on any existing measurements ) and “Broadcast channel failure” – measurement log (possibly not based on existing measurements).
2.2 Measurement logging impacts to UE
The obvious impacts from UE measurement logging depend heavily on the usage of the measurements, but (at least) the following aspects would need RAN4 analysis:

1. Availability of MDT measurements during Active mode
2. Idle mode and DRX impact on MDT measurements
3. Availability & Accuracy of positioning information at UE
1. Availability of MDT measurements during active mode
TR36.805 [1] states that “It shall be possible to collect measurement logs preceding a particular event (e.g. radio link failure).”

Even though the principle is to use existing measurements and information available to UE, UE would still need to perform quite a number of additional measurement related functions and store significant number of measurement logs as well. Setting the requirements for these kinds of measurements is something new in RAN4 since the current measurements are assumed to “Measure and Report”-type, i.e. the UE does required measurements but is not mandated to collect time information of the measurements. Even if L3 filtering is used for e.g. RSRP/RSRQ measurements, only a single filtered output value needs be stored to be used in the next update of the recursive L3 filter. 

Collecting measurement logs preceding a particular event (e.g. radio link failure) means that the UE will need to continuously store the measurement information since the UE does not have prior knowledge of when an event will trigger. In order to fully analyze the feasibility of this type of UE support it would be important to understand in detail for each use case what kind of measurements and/or measurement logs are needed and for how long period of time or how frequently stored. Also for this purposes the analysis of a single UE measurement or measurement log would not be sufficient, but the measurements used for a whole use should be investigated as a whole.

To identify the most efficient ways for supporting MDT it would be important to analyze UE implications in a case which measurements and/or measurement logs both for the UE and BS provide answers to a given use case rather just checking implications for each measurement log separately. It is our understanding that only full support of one or more use cases is meaningful for the network optimisation purposes. It would also be beneficial to compare cases where only UE based MDT functions are considered with the cases where UE based MDT functions are supported with additional BS measurements or network configurations.
It should also be noted that the MDT measurements would be done additionally to the normal UE measurements done for e.g. mobility purposes – this implies that also the measurement requirements for these measurements should be defined separately: Even though existing measurements would be used, the requirements for MDT may be different from what the existing measurements have. 
Another aspect to consider is that optimised UE implementations may choose not to evaluate certain measurements when the normal RRM measurement configuration indicates that they are not required. For example, measurement objects in connected state contain an s-measure threshold and the UE is not required to make neighbour measurements for that particular object when the serving cell RSRP exceeds the threshold. Again, this implies that in some cases MDT measurements may need to be performed in addition to the normal measurements which would be made e.g. for mobility to provide the information required to support the use cases.
2. Idle mode and DRX impacts on availability of MDT measurements
The existing measurements have different requirements for DRX and non-DRX operation in active mode, which is extremely important to ensure power efficient UE implementations are possible, by ensuring that the UE are not required to perform undue measurements within the “off” part of the DRX cycle. This aspect should be taken into account also for MDT. By analysing the complete use case and all the implied measurements, measurement reports and logs it is possible to better understand aspects  UE power consumption increase in idle mode or during DRX options and amount of data, which needs to be sent over the air, as well as the memory consumptions discussed earlier. For the success of MDT it is important to ensure that any UE power consumption increase caused by MDT functionalities is negligible to the end user, regardless of their usage pattern of the device. To ensure this, RAN4 should analyze complete use cases and determine how many additional MDT measurements UE would need to support in idle mode or during active mode DRX operations and how much time they approximately consume from the time that UE typically uses for power saving purposes (by sleeping).
We believe that this is also an area where RAN4 can provide valuable input to the Section 7 “Impact Analyses” of TR36.805 in order to ensure realistic assumptions and conclusions for the Impacts Analyses. For the purposes of solid trade-off analyses it would be beneficial to compare the cases where only UE based MDT functions are considered against the cases where UE based MDT functions are supported with additional BS measurements or network configurations. 
3. Positioning measurement availability and accuracy

As RAN4 has discussed a number of times in the past for different study and work items, availability of positioning estimates is highly dependent on a scenario the UE is operating and what positioning methods are generally available in the given environment. If we look at the A-GPS minimum performance requirements in TS25.171 as an example, we can see that based on Section 5.1.1.1 requirements in AWGN conditions when course time assistance of +/- 2 seconds is available for the UE, the UE has to meet 100 m positioning accuracy in 20 seconds as indicated below:
5.1.1.1
Minimum Requirements (Coarse time assistance)

The position estimates shall meet the accuracy and response time specified in table 2.

Table 2: Minimum requirements (coarse time assistance)
	Success rate
	2-D position error
	Max response time

	95 %
	100 m
	20 s


During idle mode and long DRX period operations 20 seconds is rather long time from a power consumption perspective especially as this typically means that the GPS receiver is continuously searching and measuring for approximately ~20 seconds or even more if the radio conditions are worse than in the given RAN4 AWGN scenario. In case the UE has not yet got sufficient assistance for the A-GPS position estimation the UE needs to use normal sleep time for reading the necessary assistance. This consumes even further the time, which is normally used for UE sleep time to save battery. On the other hand if the UE is expected to maintain its A-GPS position estimate (i.e. “cold start” case is not considered), the UE needs to active its A-GPS receiver rather frequently. TS25.171 also defines requirements for periodical A-GPS positioning estimate updates. Thus, in our understanding real UE power consumption implications may be significant unless careful MDT location estimate support design and analyses are done. We see that proper performance and UE complexity analyses are critical for getting MDT widely adopted in UEs. Considering that RAN4 has developed all the positioning performance requirements in 3GPP RAN it would be important that RAN4 would also conduct related complexity and performance studies for the MDT SI in order to ensure good starting point for the MDT work item later on. 

3
Example of RAN2 studies on MDT Use Cases
To showcase the RAN2 studies in MDT, the results in this chapter been taken (directly) from [7], which is based on earlier contribution [4].
3.1 Example Analysis of Coverage hole use case
The behaviour of the ‘Serving cell becomes worse than threshold’ – trigger was modelled with A2 trigger and collection of subsequent cell results until the level comes back over the threshold. Hysteresis was in use to ensure consecutive samples. The modelling is not exactly as defined for MDT trigger but should result in very close set of collected data.

The amount of events per cell with a coverage hole at position 2 and without coverage hole has been presented in Figure 1 and Figure 2, respectively. The used A2 triggering parameters are 

· A2 RSRP threshold: -110 dBm

· A2 RSRP hysteresis: 3 dB

· A2 RSRQ threshold: -10 dB

· A2 RSRP hysteresis: 2 dB
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Figure 1.MDT events per BS from coverage hole position 2.
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Figure 2.MDT events per BS without a coverage hole.


From the results it can be concluded that

· The coverage hole increases the amount of RLFs as well as A2 RSRP/RSRQ events. The coverage hole exists in the middle of BS ids 0, 2, 12, 16, 20 and the number of all events clearly increases due to the coverage hole.

· There are quite a lot more RLFs than A2 RSRP/RSRQ events, thus there are a lot RLFs occurring also without A2 RSRP/RSRQ triggered

· A2 RSRQ triggers quite many times regardless of the coverage hole, especially in the cells with smaller ISD. There is stronger correlation between RLF events (compared to A2) per cell and the cells which were affected by the coverage hole. This would suggest that there should be more A2 reports for equally good reliability than with RLF reports.

The amount of RLFs per cell with a coverage hole at position 1 has been presented in Figure 3. In Figure 4 the amount of RLFs per cell where the A2 RSRP event has been triggered has been presented.
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Figure 3. Total amount of RLFs with coverage hole at position 1.
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Figure 4. Number of RLFs when RSRP based has triggered with coverage hole at position 1.




From the results it can be concluded that

· The coverage hole in the middle of BS ids 1, 5, 6, 9 causes clear increase in the number of reported RLF events clearly increases due to the coverage hole.
· If we take a look at RLFs which occur at times when A2 RSRP event is triggered, the coverage hole can be identified with the accuracy of a few BSs. This actually corresponds to the post processing of RLF data by filtering with appropriate serving cell RSRP level. The optimum threshold setting can be iterated offline for RLF reports without repeating the measurements as would be required with A2 trigger.

· A lot of RLFs occur when A2 RSRP is not triggered, thus by just studying the RLFs when A2 RSRP is triggered we might miss some other related problems in the network, such as mobility and interference related problems. This also implies worse effectiveness of the A2 reporting.
1. We define ‘RSRPdiff’ as the difference between L3 filtered serving cell RSRP and L3 filtered value of the best cell at the same time instant. Thus if a RSRP diff is positive, the serving cell is the best cell according to RSRP and if RSRPdiff is negative, a better cell would be available but UE has not made a (successful) handover to it. In Figure 5 and Figure 6 the RLFs has been classified into 6 categories, which are determined based on information included in the RLF report, e.g. RSRP values of the best cells and handover status at the time of RLF (note that not all of these phases are known by the UE, but the eNb).

2. Coverage problem → Criteria: if ( RSRPdiff > 0 || averageRSRPFrom3BestCells < -127 dBm ), the RLF is considered to be caused by coverage problem.

3. Measurement report not sent → RLF occurred when RSRPdiff > 0, but we have not yet sent a measurement report of event A3. Note that Time-To-Trigger may be running for event triggered measurement report.

4. Measurement report phase → RLF occurred when measurement report of event A3 was sent, but not (yet) received

5. HO preparation phase → RLF occurred during the delay caused by handover preparation related signalling, i.e. eNB was preparing the handover. (Note that this can’t be reliably detected at the UE, since the UE is not involved in the HO preparation)

6. HO command phase → RLF occurred when eNB had sent HO command was sent but UE had not (yet) received it

7. HO complete phase → RLF occurred when UE was sending the HO complete message (i.e. RRCReconfigurationComplete), but an acknowledgement was not (yet) received by the UE

The ability to identify the RLF classification allows to separate the coverage problem from the other reasons. In this paper we focus on detailed examination of the first category. Listening the other reasons is to convey some information, but will be discussed in detail in [8]. 
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Figure 5. RLF classification with a coverage hole at position 2.
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Figure 6. RLF classification without a coverage hole 




From the results it can be concluded that

· About 40% of the RLFs are classified as caused by a coverage problem with coverage hole at position 2. Without a coverage hole in the network there are no RLFs which are classified as being caused by coverage problems. The “hit-ratio” to identify the coverage problem with the simple threshold based classification is high. At the same time “false-alarm” rate can be kept very low, see Figure 6.

· Non-coverage problem RLFs may have been caused by several problems, e.g. high interference causing signalling delays due to HARQ/ARQ transmissions or unoptimal mobility parameters, e.g. too long Time-To-Trigger causing delays before the measurement report can be sent. However, we will not go into details in presenting analysis on these, since they are related clearly on other MDT use cases, e.g. mobility optimization.

To evaluate possible implication of excessive interference on the detection of a coverage hole, we have carried out simulations where uncoordinated CSG cells were used to model the sources of extra interference. The locations of the CSG cells were the same as for coverage holes.

In Figure 7 and Figure 8 scatter plots with serving cell RSRP and RSRP are presented. In Figure 7 there is a coverage hole at position 2 and in Figure 8 there is a group of CSGs located at the same position. CSG interference is generated by 7 base stations with 50 m ISD forming a circle shape. The CSG cells are fully loaded and transmitting with a maximum DL Tx power of 20 dBm. This represents kind of worst case scenario but in practical situation the load is obviously much less. UEs in the wide area network were not allowed to connect to any of the CSG cells. The objective was to compare whether the RLF statistics can identified coverage hole despite increased uncoordinated interference. 
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Figure 7. RSRP vs. RSRP diff with a coverage hole at position 2.
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Figure 8. RSRP vs. RSRP diff with a CSG cell group at position 2.




From the results it can be concluded that

· Interference problem and coverage problem can be easily separated based on RLFs and related statistics

· Coverage problem can be identified by RLFs where serving cell RSRP is low and RSRPdiff is positive or close to zero

· Uncoordinated interference problem can be identified with also positive RSRPdiff values, but the serving cell RSRP values are high. Note that RSRQ may also be used in active mode to detect high interference.

Simulations have been carried out also with high DL TX powers and maximally loaded cells in the smaller cells (first tier of cells) representing the case of overlapping cell areas. The RLF statistics is essentially the same as illustrated in Figure 7 which implies that the potential capacity issues will not degrade the coverage optimization based on RLF reports. Overlapping coverage areas can be easily detected from the normal HO reports.

Discussion on the results

An A2 event (‘Serving cell becomes worse than threshold’) has been proposed for the coverage optimization use case of MDT. If A2 event threshold is configured properly, it may be used to gather some statistics related to the possible coverage problem. However, following conclusions could be made on the A2 trigger vs. the RLF report:

· A2 event results in added complexity in terms of a new UE function as well as additional measurement configuration. The setting of the A2 threshold should be relative to the cell size and used TX power. It may also have to be adaptive to trigger the measurements preferably only when informative results can be measured.

· A2 event might trigger even if there is not a problem, e.g. in low interference situations we could be able to communicate even with low RSRP values
· A majority of RLFs may occur regardless of whether A2 event has triggered, thus there area other problems that may also result in a RLF. Coverage, mobility and interference problems all lead to RLFs, thus RLF reports may be used to detect other issues in the network and to provide information to other use cases, particularly to mobility optimization..

· The RLF happens in situations when there is a real problem and the reports would hence be effective in providing most relevant information for optimization purposes with minimized complexity increase: No separate measurement configuration and trigger but still providing data for reliable detection of coverage problems.
· The characteristics of the results for the coverage and uncoordinated interference scenarios are clearly different enabling reliable distinction of the two scenarios.

3.2 RAN4 work concerning the Example Analysis of coverage hole detection
There are several aspects to note in the analysis:
· Existing measurements and measurement events are used for identifying the existence of the coverage hole

· The measurement logging is done in co-operation with information from network: Notably, it is shown that the measurements may not always need UE logging but can be sent instantly using normal control plane reporting

· An extended mechanism for RLF reporting is proposed, to improve the accuracy of the detection of the coverage hole

· Positioning information is not utilised in this analysis, because it is not seen essential for the detection of the coverage hole.

For RAN4 work, some analysis on performance and impacts would be necessary:

· UE measurement logging: Existing measurements are used in these cases, with certain additional information added to RRCConnectionReEstablishment-message (i.e. ‘RLF report’ in the text). However, it is assumed that UE has been doing all the measurements all the time and both RSRP and RSRQ measurements are available. Normally, this depends on RRC configuration, and therefore the MDT configuration would have an effect on the existing measurements if the MDT measurement( log)s would require measurements not otherwise measured by normal RRC configuration. This would have some impacts to UE (e.g. battery consumption).
· Positioning data usage: The analysis is not utilising exact location information, which, though likely helpful for more careful, is not absolutely necessary for the coverage hole detection with the used measurement logging. Therefore the question: How accurate positioning information should be in this case? Also in general, the use cases or measurement logs within a use case might require different types of positioning accuracy, which means that RAN4 should study and define the positioning accuracy requirements for each use case. The RAN4 work here could be studying impact of required positioning accuracy to UE and end user.
· Idle mode and DRX impacts: The analysis above does not consider either DRX or idle mode, but assumes all UEs are active all the time. Since in idle mode, RLF does not exist (as such) and there is no RRC connection, the reporting mechanism would be different and would need further analysis. This would impact both UE and end user as the reporting would need to be defined and could affect UE idle mode performance.
4
Conclusion
The decisions made in RAN#45 [2] concluded on the following:

“UE measurements

With reference to TR 36.805

· It is expected that in order to address all the existing MDT use cases in TR 36.805 new MDT related functions including UE measurement related support are required. A working assumption is that new MDT functions including UE involvement described in the following sections of TR 36.805: 

· 6.1.4 “Random access failure”
· 6.1.5 “Paging Channel Failure (PCCH Decode Error)”
· 6.1.6 “Broadcast Channel failure”
will be part of the eventual Work Item unless it is shown that these can be covered by existing standardized functionality

· It is expected that collection of certain other information are available at the NodeB/eNodeB/RNC side by appropriately configuring existing measurements, measurement reports and SON functions

RAN2’s focus in the next plenary cycle should be to provide technical analysis and a conclusion on

· which existing use cases or part of the existing use cases of TR36.805 require new UE support, and, in this case, which new UE functionality is required, and 

· which ones can be obtained using existing measurements, measurement reporting and SON functions 

No new use cases should be considered in this Study Item.

The categorization of Section 6.1 of TR36.805 should be utilised when analysing and concluding which use cases or parts of use cases cannot be covered with the existing methods but require instead new MDT functionality and UE support instead.
Based on these study item analyses and the conclusions we expect a Work Item to be opened during TSG RAN #46 to define new MDT functionalities that are identified as an output of the Study Item. 

Architecture aspects

It is to be reconfirmed that aspects related to transport of newly defined or to-be-newly-defined UE MDT support should not prohibit the completion of the Study Item. It is expected that a resolution on architectural assumptions would occur at the same time of a Work Item approval. 

Technical discussion on the merit of the architectural options can be handled by RAN2 under the related agenda item, in cooperation with SA working groups.

Secondary responsibility

RAN2 is invited to seek input from RAN4 as soon as possible, especially for section 7 of TR 36.805 in order to get the study item and TR 36.805 completed by RAN#46. “
The recommendation urges RAN4 to get involved with the SI as soon as possible, especially with the section 7 of 36.805 [1], which deals with the performance requirements of the MDT measurements. However, due to the limited time available (only 1 meeting before RAN#46 if the current meeting is excluded!), the RAN4 involvement cannot be too extensive at this phase. However, it is proposed that the RAN4 would try to start the work already during SI phase by agreeing on basic principles especially for idle and DRX measurement activity to minimise additional power consumption which should be captured in the form of text proposals for the 36.805. In addition, the basic requirements for positioning information used for the MDT UE measurements should be considered by RAN4 during SI phase. Due to the very limited study and evaluation which has been possible in RAN4 during the SI phase, we anticipate that it will be very important that RAN4 takes a greater involvement during WI phase.
We would like to encourage also other companies in RAN4 to provide their analyses for the topics listed in this contribution. We will also provide further analyses in the next RAN4 meeting in November.
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Appendix I

TABLE I. Summary of the current measurement logs and their primary use case

	#
	Measurement log
	Optimization use case
	Proposed by

	
	
	Coverage 
	Capacity
	Mobility
	RACH
	DL comm. channels
	

	1
	Periodical timer based
	X


	
	
	
	
	Qualcomm
R2-093706

	2
	Serving Cell becomes worse than threshold
	X
	
	
	
	
	Qualcomm R2-093706

	3
	Transmit power headroom becomes less than threshold
	X
	
	
	
	
	DOCOMO
R2-093965

	4
	Random access failure
	
	
	
	X
	
	Qualcomm R2-093706

	5
	Paging Channel Decode Error (PDCCH error)
	
	
	
	
	X
	Vodafone

R2-093742

	6
	Broadcast channel failure
	
	
	
	
	X
	Vodafone

R2-093742
R2-093742


� RAN2 and RAN3 are working on the RACH optimization solution for SON which causes some new requirements for the UE. These should be taken into account in the RAN4 evaluations along with the RACH requirements for MDT.


� Note: The reference to document is changed from that in [7] to correspond to the correct document reference in this contribution.





