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1 Introduction
The MDT is designed for the UE to assist the network planning, by logging the measured serving and neighbour cells periodically for long time durations (e.g., hours), and then report the logged measurement results to the network. We noticed that the MDT measurement report contains unnecessary repeated information, which wastes uplink network capability. In this paper, we discuss this issue, and propose potential solutions.
2 Sizes of the fields in logged MDT measurement report
Snippets of the ASN.1 fields related to logged MDT measurement report are in Appendix in Section 4. Based on the MDT ASN.1 in Section 4, we summarize the sizes of the fields for logged MDT measurement report in Table 1 below.
Table 1: Sizes of the fields in MDT measurement report as defined by the IE LogMeasInfo-r10.

	Types of fields
	Fields in the IE LogMeasInfo-r10
	Size (bits)
	Mandatory Presence?

	Type-A: Fields that appear once per measurement report
	locationInfo-r10

LocationInfo-r10
	Assume it is not present.
	No

	
	relativeTimeStamp-r10
INTEGER (0..7200),
	13
	Yes

	
	servCellIdentity-r10

CellGlobalIdEUTRA,
	40
	Yes

	
	measResultServCell-r10
SEQUENCE {



rsrpResult-r10

RSRP-Range,



rsrqResult-r10

RSRQ-Range

},
	7+6
	Yes

	
	
	
	

	Type-B: Fields that appear once per neighbor cell frequency
	carrierFreq-r9
ARFCN-ValueEUTRA,


	16
	Yes

	
	
	
	

	Type-C: Fields that appear once per neighbor cell PCI per frequency
	physCellId
PhysCellId,


	9
	Yes

	
	cgi-Info

SEQUENCE {


cellGlobalId

CellGlobalIdEUTRA,


trackingAreaCode 
TrackingAreaCode,


plmn-IdentityList
PLMN-IdentityList2

}
OPTIONAL,
	40+16+4*6=80.

Assume it is present to identify cells uniquely.
	No

	
	rsrpResult
RSRP-Range

	7
	No

	
	rsrqResult
RSRQ-Range

	6
	No

	
	additionalSI-Info-r9  AdditionalSI-Info-r9

AdditionalSI-Info-r9 ::=


SEQUENCE {


csg-MemberStatus-r9



ENUMERATED {member}



OPTIONAL,


csg-Identity-r9





CSG-Identity





OPTIONAL

}


	Assume it is not present.
	No


We first consider only LTE neighbours only (no 3G or 2G neighbours) for simplicity. In the IE LogMeasInfo-r10, we assume all the optional fields are absent except the following fields related to neighbour cells: cgi-Info, rsrpResult and rsrqResult. The cgi-Info can uniquely identify a neighbour cell, while the RSRP and RSRQ results are the main purpose of the MDT. 
For ease of analysis, we denote below.

· X: the number of LTE neighbour carrier frequencies

· Y: the number of LTE cells (i.e., PCIs) per frequency

· Z: the number of log instances in one MDT report message
CurrentSizeOneLog = [Size of one logging instance in current MDT report format] = 
[Size of the Type-A fields that appear once per measurement report] + 

X * [Size of the Type-B fields that appear once per neighbour cell frequency] +

X * Y * [Size of the Type-C fields that appear once per neighbour cell PCI per frequency]
= [(13+40+7+6) + X*16 + X*Y*(80 +7 + 6)]
For a MDT report containing Z log instances, the measurement report size is below.
CurrentSize = Z * CurrentSizeOneLog
In the above expression, 40 bits (highlighted in red) are used to identify the serving cell (IE servCellIdentity-r10) and 80 bits (highlighted in red) are used to identify each neighbour cell (IE cgi-Info). This is significant overhead, compared with the size of the actual RSRP/RSRQ measurement results (7+6 bits per cell). When the UE is indoor, its serving cell and neighbour cells may not change across the logging instances, in this case, the UE can include the big cell identifiers only the first occurred log instance in the report and omit them in the following log instances.
Proposal 1 For Release 14 UEs supporting the R10 logged MDT, if the serving cell is the same in M consecutive log instances, the UE shall include the serving cell’s identifier servCellIdentity-r10 only in the first of the M log instances in the report and not in the (M-1) immediate following log instances.
Proposal 2 For Release 14 UEs supporting the R10 logged MDT, if all neighbour cells are the same in N consecutive log instances, the UE shall include the neighbour cells’ identifiers cgi-Info
only in the first of the N log instances in the report and not in the (N-1) immediate following log instances.
If both Proposals 1 and 2 are used and the serving cell and neighbour cells do not change across Z MDT log instances, the total MDT measurement report size is below.
NewSizeOneLog = [Size of one logging instance in proposed MDT report format] = 

[Size of the Type-A fields that appear once per measurement report] + 

X * [Size of the Type-B fields that appear once per neighbour cell frequency] +

X * Y * [Size of the Type-C fields that appear once per neighbour cell PCI per frequency]

= (13+7+6) + X*16 + X*Y*(7 + 6)

For a MDT report containing Z log instances, the measurement report size is below.
NewSize = CurrentSizeOneLog + (Z-1) * NewSizeOneLog
The reduction of MDT report size is below and plot in Figures 1, 2 and 3 for Z = 2, 4 10, respectively.
[Reduction of MDT report size in percentage] = [1- (NewSize / CurrentSize)] * 100%
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Figure 1: Reduction of MDT report size with Proposals 1 and 2, assuming the report contains two (2) log instances for the same serving cell and neighbour cells.
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Figure 2: Reduction of MDT report size with Proposals 1 and 2, assuming the report contains four (4) log instances for the same serving cell and neighbour cells.
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Figure 3: Reduction of MDT report size with Proposals 1 and 2, assuming the report contains seven (7) log instances for the same serving cell and neighbour cells.
Based on the results in Figures 1, 2 and 3, the Proposals 1 and 2 reduces the MDT report size by at least 30% when Z=2, and more reduction is available if Z is bigger. Hence, we have the following observation.
Observation 1 With Proposals 1 and 2, we observed 30% to 75% reduction of the message size of the logged MDT measurement report, when the UE’s serving and neighbour cells do not change across at least two log instances.
2.1 Results from field tests 

We collected UE RRM measurement logs for pedestrian scenarios, based on which we can know the serving cell and neighbour cells at the MDT logging instants, hence determine the gain from the Proposals 1 and 2. 

From one field log with two hour logging, we have the results in the following table, which shows that both the serving and neighbour cells are the same during the two hours. Here X=1, Y=1, Z=7. Based on Figure 3, we know the Proposals 1 and 2 reduce the MDT measurement report size by 58%.

	MDT Logging Time instants
	Serving cell 
	Neighbor cell 

	t=0min 
	Freq = 41176, PCI = 145
	Freq = 40978, PCI = 145

	t=20min
	Freq = 41176, PCI = 145
	Freq = 40978, PCI = 145

	t=40min 
	Freq = 41176, PCI = 145
	Freq = 40978, PCI = 145

	t=60min
	Freq = 41176, PCI = 145
	Freq = 40978, PCI = 145

	t=80min
	Freq = 41176, PCI = 145
	Freq = 40978, PCI = 145

	t=100min
	Freq = 41176, PCI = 145
	Freq = 40978, PCI = 145

	t=120min
	Freq = 41176, PCI = 145
	Freq = 40978, PCI = 145


From another field log with one hour logging, we have the results in the following table, which shows that both the serving and neighbour cells are the same during one hour. Here X=1, Y=1, Z=4. Based on Figure 2, we know the Proposals 1 and 2 reduce the MDT measurement report size by 50%.
	MDT Logging Time instants
	Serving cell 
	Neighbor cell 

	t=0min 
	Freq = 41176, PCI = 145
	Freq = 40978, PCI = 145

	t=20min
	Freq = 41176, PCI = 145
	Freq = 40978, PCI = 145

	t=40min 
	Freq = 41176, PCI = 145
	Freq = 40978, PCI = 145

	t=60min
	Freq = 41176, PCI = 145
	Freq = 40978, PCI = 145


3 Conclusion

We make the following observations.
Observation 2 With Proposals 1 and 2, we observed 30% to 75% reduction of the message size of the logged MDT measurement report, when the UE’s serving and neighbour cells do not change across at least two log instances.

We have the following proposals.
Proposal 3 For Release 14 UEs supporting the R10 logged MDT, if the serving cell is the same in M consecutive log instances, the UE shall include the serving cell’s identifier servCellIdentity-r10 only in the first of the M log instances in the report and not in the (M-1) immediate following log instances.
Proposal 4 For Release 14 UEs supporting the R10 logged MDT, if all neighbour cells are the same in N consecutive log instances, the UE shall include the neighbour cells’ identifiers cgi-Info
only in the first of the N log instances in the report and not in the (N-1) immediate following log instances.
4 Appendix: related ASN.1 for MDT report
The following is the related ASN.1 for the IE “LogMeasReport-r10” in MDT report from the latest 36.331 v13.2.0. 

LogMeasReport-r10 ::= 



SEQUENCE {


absoluteTimeStamp-r10



AbsoluteTimeInfo-r10,


traceReference-r10




TraceReference-r10,


traceRecordingSessionRef-r10

OCTET STRING (SIZE (2)),


tce-Id-r10






OCTET STRING (SIZE (1)),


logMeasInfoList-r10




LogMeasInfoList-r10,


logMeasAvailable-r10



ENUMERATED {true}



OPTIONAL,

...

}

LogMeasInfoList-r10 ::= 

SEQUENCE (SIZE (1..maxLogMeasReport-r10)) OF LogMeasInfo-r10
LogMeasInfo-r10 ::= 

SEQUENCE {

-- The following fields appear once per measurement report.

locationInfo-r10




LocationInfo-r10

OPTIONAL,


relativeTimeStamp-r10



INTEGER (0..7200),


servCellIdentity-r10



CellGlobalIdEUTRA,


measResultServCell-r10



SEQUENCE {



rsrpResult-r10





RSRP-Range,



rsrqResult-r10





RSRQ-Range


},

-- The following fields are for neighbor cell.

measResultNeighCells-r10


SEQUENCE {



measResultListEUTRA-r10



MeasResultList2EUTRA-r9

OPTIONAL,



measResultListUTRA-r10



MeasResultList2UTRA-r9

OPTIONAL,



measResultListGERAN-r10



MeasResultList2GERAN-r10
OPTIONAL,



measResultListCDMA2000-r10


MeasResultList2CDMA2000-r9
OPTIONAL


}
OPTIONAL,


...,


[[
measResultListEUTRA-v1090


MeasResultList2EUTRA-v9e0
OPTIONAL


]],

[[
measResultListMBSFN-r12



MeasResultListMBSFN-r12
OPTIONAL,



measResultServCell-v1250


RSRQ-Range-v1250


OPTIONAL,



servCellRSRQ-Type-r12



RSRQ-Type-r12



OPTIONAL,



measResultListEUTRA-v1250


MeasResultList2EUTRA-v1250
OPTIONAL

]],


[[
inDeviceCoexDetected-r13


ENUMERATED {true}


OPTIONAL


]]

}

where MeasResultList2EUTRA-r9 is defined as below.

MeasResultList2EUTRA-r9 ::=



SEQUENCE (SIZE (1..maxFreq)) OF MeasResult2EUTRA-r9

-- The following fields appear once per frequency.
MeasResult2EUTRA-r9 ::=



SEQUENCE {


carrierFreq-r9





ARFCN-ValueEUTRA,


measResultList-r9




MeasResultListEUTRA

}

MeasResultListEUTRA ::=



SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultEUTRA 

-- The following fields appear once per neighbor cell PCI per frequency.
MeasResultEUTRA ::=
SEQUENCE {


physCellId






PhysCellId,


cgi-Info






SEQUENCE {



cellGlobalId





CellGlobalIdEUTRA,



trackingAreaCode




TrackingAreaCode,



plmn-IdentityList




PLMN-IdentityList2 



OPTIONAL


}


 











OPTIONAL,


measResult






SEQUENCE {



rsrpResult






RSRP-Range





OPTIONAL,



rsrqResult






RSRQ-Range





OPTIONAL,



...,



[[
additionalSI-Info-r9



AdditionalSI-Info-r9

OPTIONAL



]],

-- The following fields do not appear in R10 MDT.


[[
primaryPLMN-Suitable-r12


ENUMERATED {true}


OPTIONAL,




measResult-v1250




RSRQ-Range-v1250


OPTIONAL



]],



[[
rs-sinr-Result-r13




RS-SINR-Range-r13


OPTIONAL,




cgi-Info-v1310





SEQUENCE {









freqBandIndicator-r13



FreqBandIndicator-r11

OPTIONAL,




multiBandInfoList-r13



MultiBandInfoList-r11

OPTIONAL,





freqBandIndicatorPriority-r13

ENUMERATED {true}


OPTIONAL



}















OPTIONAL


]]

}

}
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