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1. Introduction
Email discussion [71b#20] was discussing values for maximum neighbour (intra-frequency, inter-frequency and inter-RAT) cells that need to be included in the logged measurement report. This document investigates the requirement of minimum logging duration, the number of neighbour cells that needs to be supported, shows the impact of the number of neighbor cells to the overall log size for a minimum logging duration. This document further proposes the upper bound of number of neighbour cells and the minimum memory size for logged MDT support.
2. Discussion
To obtain the full picture of the network quality, each logged MDT capable UE should be able to sufficiently collect and log measurement configured for Logged MDT. The logging duration should at least cover the maximum possible idle period of a UE. A reference that can be used for this is the period of Periodical TAU, which is configurable but has a default value of 54 minutes. Furthermore, in the last RAN2#71bis meeting, it was agreed that the minimum logging interval is 1.28 s. Therefore, the memory size for logged MDT purpose should be able to cover at least 1 hour logging duration with periodical logging interval of 1.28 s.

Proposal 1: 
Minimum memory size of logged MDT should be able to support logging duration of at least 1 hour with logging interval of 1.28 s.
The number of neighbour cells that needs to be included in the logged measurement report will obviously affect the necessary minimum memory size. In the email discussion [71b#20] several different numbers were proposed. Since there is no performance requirements specified for the number of neighbor (intra-freq, inter-freq, inter-RAT) cell to be measured during RRC_IDLE state, performance requirement for RRC_CONNECTED measurement can be used as a good reference. According to [1, 2], UE in RRC_Connected measures 8 intra-frequency neighboring cells, 4 inter-frequency cells, 6 UTRAN cells per frequency, and  4 E-UTRAN cells per frequency (if non-serving). Considering the agreement in LTE where already for RF fingerprint purpose, 6 intra-frequency neighboring cells are measured, the upper bound for neighbouring cell for logged MDT measurement is proposed to be the following:
· Number of Intra-frequency neighbour cell = 6

· Number of neighbour cell per inter-frequency = 4 

· Number of neighbour cell per UTRAN frequency = 4

· Number of neighbour cell per E-UTRAN frequency (if-non serving) = 4

To investigate how the number of logged neighbour cell affects the necesssary memory size; the following 3 cases are assumed.

Table 1: Cases of maximum neighbor cell number

	Case no.
	Intra-frequency neighbour cell
	Inter-frequency neighbour cell / carrier frequencies
	UTRAN neighbor cell / carrier frequencies

	Case 1
	6 cells
	4 cells each in 3 carrier frequencies
	4 cells each in 3 carrier frequencies

	Case 2
	3 cells
	1 cells each in 1 carrier frequency
	1 cells each in 1 carrier frequency

	Case 3
	4 cells
	3 cells each in 3 carrier frequencies
	3 cells each in 3 carrier frequencies


For each cases of neighbour cell number, the necessary memory size is calculated. The calculation assumes a 1 hour logging duration and also takes into account the cases where all the serving and neighbor cell information is included, case where E-CGI and/or Timestamp (TS) is included per relocation occurrence, case where location information is included per update, and the combination of those cases. Note that the calculation assumes that for each logging interval Sintrasearch, Sintersearch conditions are fulfilled and hence intra-frequency, inter-frequency/RAT cell measurement are logged.
Table 2: Necessary memory size for case 1
(6 Intra-freq, 4 Inter-freq/3carrier, 4 UTRAN cell/3 carrier)
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Table 3: Necessary memory size for case 2
(4 Intra-freq, 3 Inter-freq/3 carrier, 3 UTRAN cell/3 carrier)
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1.28 342 324 316 325 300

5.26 86 81 79 81 75

12.8 34 33 32 33 30


Table 4: Necessary memory size for case 3
(3 Intra-freq, 1 Inter-freq/1 carrier, 1 UTRAN cell/1 carrier)
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1.28 115 97 89 98 72

5.26 29 24 22 27 18

12.8 12 10 10 11 8


Table 2 shows the worst case where the number of neighbour cells included in the report is based on the number of active measurement performance requirement specified in 36.133 (with 6 intra-frequency neighbouring cell). Table 4 shows the case where number of neighbour cells is relatively small. Table 3 shows the middle case between case 1 and case 3.
From table 4 (the case with the smalles number of cells), it can be seen that to support logging interval of 1.28 s for 1 hour where the inclusion of  E-CGI, time stamp and location info are optimised, i.e., only included when relocation occurs and/or location info is updated, 72 kB of memory is necessary.
Observation 1: 
The tentatively agreed minimum memory size for logged MDT of 32 kB is not even enough to support the case where the inclusion of serving cell information (E-CGI, time stamp and location info) are optimised and only minimum neighbour cell number (1 per layer)  are included.
Considering the upper bound of the neighboring cell number (i.e., case 1), the memory size that needs to be supported for logged MDT should cover the values in table 2. Since, nowadays a memory in the UE is a commodity which should not bring huge cost impact and also the fact that USB memories having sizes in the order of giga-bytes are already available in consumer products today, it is proposed that the minimum memory size for logged MDT purpose is 512 kB.
Proposal 2: 
The following number are proposed as the upper bound for neighbouring cell for logged MDT measurement that needs to be taken into account when calculating the necessary memory size:
· Number of Intra-frequency neighbour cell = 6

· Number of neighbour cell per inter-frequency = 4 

· Number of neighbour cell per UTRAN frequency = 4

· Number of neighbour cell per E-UTRAN frequency (if-non serving) = 4

Proposal 3: 
It is proposed that the minimum memory size for logged MDT purpose is 512 kB
3. Summary and proposal

The requirement of minimum logging duration and the impact of the number of neighbor cells to the overall log size were discussed.

The following are proposed:

Proposal 1: 
Minimum memory size of logged MDT should be able to support logging duration of at least 1 hour with logging interval of 1.28 s.

Proposal 2: 
The following number are proposed as the upper bound for neighbouring cell for logged MDT measurement that needs to be taken into account when calculating the necessary memory size:

· Number of Intra-frequency neighbour cell = 6

· Number of neighbour cell per inter-frequency = 4 

· Number of neighbour cell per UTRAN frequency = 4

· Number of neighbour cell per E-UTRAN frequency (if-non serving) = 4
Proposal 3: 
It is proposed that the minimum memory size for logged MDT is 512 kB
4. Reference
[1]  TS 36.133
[2]  TS 25.133
[2]
 R2-103511, “Log reporting considerations,” Nokia Corporation, Nokia Siemens Networks.
ANNEX

The following are the parameters used for calculation of table 2, 3 and 4.

1. Serving cell information:
	Serving Cell information
	　Bit size

	RSRP
	7

	RSRQ
	6

	E-CGI
	52

	Location Info
	48

	Time Stamp
	24


2. Inter-frequency neighbour cell information

	Inter-freq Neighbour cell information
	　Bit Size

	RSRP
	7

	RSRQ
	6

	PCI
	9

	EARFCN
	16


3. Inter-RAT neighbour cell information

	Inter-RAT Neighbour cell information
	　Bit Size

	RSCP
	7

	Ec/N0
	6

	PSC
	9

	ARFCN
	16


4. Other parameters

	Other parameter
	　Value

	UE speed
	30 km/h

	Cell radius
	1 km

	Reselection frequency
	1 per 120 s

	Location Info update
	1 per 5 minutes

	Logging duration
	1 hour
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		Serving Cell Information		(bit)				incl. all		w/o E-CGI		w/o TS (Locあり）		w/o loc.info （TSあり）		w/o TS nor E-CGI		w/o E-CGI, TS nor loc info		E-CGI and TS only		Loc only

		RSRP		7
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		Location Info		48
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		Number of cell of inter-frequency		4		1		3

		Total number of inter-frequency cell		12		1		9

		Log size of total inter-freq cell		456		38		342

		Number of frequency of inter-RAT		3		1		3

		Number of cell per frequency in inter-RAT		4		1		3

		Total number of inter-RAT cell		12		1		9

		Log size of total inter-RAT cell		456		38		342

		UE velocity (km/h)		30

		Cell radius (km)		1

		Cell reselection period(s)		120

		Location info update (s)		300

		Logging duration (s)		3600

		Logging period (s)		1.28		2.56		5.12		12.8

		Number of logging		2812.5		1406.25		703.125		281.25
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		E-CGI, TS per relocation

		Log with E-CGI and TS		30				30		30

		Log with out E-CGI and TS		2782.5				673.125		251.25

		Log size		422511.5625				105841.640625		42507.65625





		Location per update

		Log with location info		12				12		12

		Log w/o location info		2800.5				691.125		269.25
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		Period of log with E,CGI, TS and loc		600				600		600
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		Log w/o E-CGI, TS nor Location		2776.5				667.125		245.25

		LOG SIZE		405747.5625				101733.890625		40931.15625



		LOG SIZE (Byte) Intra:3, Inter/RAT per freq 1

		Include all info

		Log Size		114960.9375				28740.234375		11496.09375

		E-CGI per relocation

		Log with E-CGI		30				30		30

		Log w/o E-CGI		2782.5				673.125		251.25

		Log Size		96874.6875				24364.921875		9862.96875



		E-CGI, TS per relocation

		Log with E-CGI and TS		30				30		30

		Log with out E-CGI and TS		2782.5				673.125		251.25

		Log size		88527.1875				22345.546875		9109.21875





		Location per update

		Log with location info		12				12		12

		Log w/o location info		2800.5				691.125		269.25

		Log Size		98157.9375				26666.859375		10688.34375



		E-CGI, TS per reloc, Location per update

		Period of log with E,CGI, TS and loc		600				600		600

		Log with E-CGI, TS and Location		6				6		6

		Log with E-CGI and TS only		24				24		24

		Log with Location only		6				6		6

		Log w/o E-CGI, TS nor Location		2776.5				667.125		245.25

		LOG SIZE		71763.1875				18237.796875		7532.71875

		LOG SIZE (Byte) Intra:4, Inter/RAT per freq 3

		Include all info

		Log Size		342070.3125				85517.578125		34207.03125

		E-CGI per relocation

		Log with E-CGI		30				30		30

		Log w/o E-CGI		2782.5				673.125		251.25

		Log Size		323984.0625				81142.265625		32573.90625



		E-CGI, TS per relocation

		Log with E-CGI and TS		30				30		30

		Log with out E-CGI and TS		2782.5				673.125		251.25

		Log size		315636.5625				79122.890625		31820.15625





		Location per update

		Log with location info		12				12		12

		Log w/o location info		2800.5				691.125		269.25
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		E-CGI, TS per reloc, Location per update

		Period of log with E,CGI, TS and loc		600				600		600

		Log with E-CGI, TS and Location		6				6		6

		Log with E-CGI and TS only		24				24		24

		Log with Location only		6				6		6

		Log w/o E-CGI, TS nor Location		2776.5				667.125		245.25

		LOG SIZE		298872.5625				75015.140625		30243.65625





Result

		Case1

		Logging interval (s) 		All info [kB] 		E-CGI per relocation [kB] 		E-CGI, TS per relocation [kB] 		Location Info per update [kB] 		E-CGI, TS per relocation, Location Info per update [kB] 

		1.28		450		431		423		432		406

		5.26		113		108		106		108		102

		12.8		45		44		43		43		41

		Case2

		Logging interval (s) 		All info [kB] 		E-CGI per relocation [kB] 		E-CGI, TS per relocation [kB] 		Location Info per update [kB] 		E-CGI, TS per relocation, Location Info per update [kB] 

		1.28		342		324		316		325		300

		5.26		86		81		79		81		75

		12.8		34		33		32		33		30

		Case3

		Logging interval (s) 		All info [kB] 		E-CGI per relocation [kB] 		E-CGI, TS per relocation [kB] 		Location Info per update [kB] 		E-CGI, TS per relocation, Location Info per update [kB] 

		1.28		115		97		89		98		72

		5.26		29		24		22		27		18

		12.8		12		10		10		11		8
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		LOG SIZE (Byte) Intra:3, Inter/RAT per freq 1

		Include all info

		Log Size		114960.9375				28740.234375		11496.09375

		E-CGI per relocation

		Log with E-CGI		30				30		30

		Log w/o E-CGI		2782.5				673.125		251.25

		Log Size		96874.6875				24364.921875		9862.96875



		E-CGI, TS per relocation

		Log with E-CGI and TS		30				30		30

		Log with out E-CGI and TS		2782.5				673.125		251.25

		Log size		88527.1875				22345.546875		9109.21875





		Location per update

		Log with location info		12				12		12

		Log w/o location info		2800.5				691.125		269.25

		Log Size		98157.9375				26666.859375		10688.34375



		E-CGI, TS per reloc, Location per update

		Period of log with E,CGI, TS and loc		600				600		600

		Log with E-CGI, TS and Location		6				6		6

		Log with E-CGI and TS only		24				24		24

		Log with Location only		6				6		6

		Log w/o E-CGI, TS nor Location		2776.5				667.125		245.25

		LOG SIZE		71763.1875				18237.796875		7532.71875

		LOG SIZE (Byte) Intra:4, Inter/RAT per freq 3

		Include all info

		Log Size		342070.3125				85517.578125		34207.03125

		E-CGI per relocation

		Log with E-CGI		30				30		30

		Log w/o E-CGI		2782.5				673.125		251.25

		Log Size		323984.0625				81142.265625		32573.90625



		E-CGI, TS per relocation

		Log with E-CGI and TS		30				30		30

		Log with out E-CGI and TS		2782.5				673.125		251.25

		Log size		315636.5625				79122.890625		31820.15625





		Location per update

		Log with location info		12				12		12

		Log w/o location info		2800.5				691.125		269.25

		Log Size		325267.3125				81370.828125		32591.53125

		E-CGI, TS per reloc, Location per update

		Period of log with E,CGI, TS and loc		600				600		600

		Log with E-CGI, TS and Location		6				6		6

		Log with E-CGI and TS only		24				24		24

		Log with Location only		6				6		6

		Log w/o E-CGI, TS nor Location		2776.5				667.125		245.25

		LOG SIZE		298872.5625				75015.140625		30243.65625





Result

		Case1

		Logging interval (s) 		All info [kB] 		E-CGI per relocation [kB] 		E-CGI, TS per relocation [kB] 		Location Info per update [kB] 		E-CGI, TS per relocation, Location Info per update [kB] 

		1.28		450		431		423		432		406

		5.26		113		108		106		108		102

		12.8		45		44		43		43		41

		Case2

		Logging interval (s) 		All info [kB] 		E-CGI per relocation [kB] 		E-CGI, TS per relocation [kB] 		Location Info per update [kB] 		E-CGI, TS per relocation, Location Info per update [kB] 

		1.28		342		324		316		325		300

		5.26		86		81		79		81		75

		12.8		34		33		32		33		30

		Case3

		Logging interval (s) 		All info [kB] 		E-CGI per relocation [kB] 		E-CGI, TS per relocation [kB] 		Location Info per update [kB] 		E-CGI, TS per relocation, Location Info per update [kB] 

		1.28		115		97		89		98		72

		5.26		29		24		22		27		18

		12.8		12		10		10		11		8
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