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1
Introduction 
At RAN2#70bis it was agreed that MDT log can include intra-freq/inter-freq/inter-RAT neighboring cell measurement results, and the amount of such information was left FFS. If no restrictions are defined, the maximum log memory size may be quickly exhausted and the amount of serving cell information in the log will be significantly affected. This contribution concentrates on the memory consumption issue of neighboring cell information in the MDT log.
2
Discussion
UE power consumption and memory consumption are two main issues to be considered for logged MDT measurement impacts. Power saving issue was analysed in [2] and it was proposed to perform logged MDT measurement based on existing IDLE state RRM measurement requirements. The agreement in RAN2 is that “Support of Logged MDT is defined according to the established principles for power saving of idle mode measurement UE implementation, even if this may lead to different logged information in different UE implementations, and sometimes less information about neighbour cells”. According to this principle, neighboring cell measurements for MDT purpose impose no additional requirements on battery consumption. So the concern is the impact on UE memory consumption.

For the neighboring cell measurement log, a possible solution discussed in the previous meeting was to record available neighboring cell information along with the occurrences of the serving cell periodic DL pilot strength measurement log [1]. Since time stamp information and available location information has been recorded with the serving cell information, the main concern for the neighboring cell information is the cell identities and the radio environment measurement results.

Memory consumption is affected by the rate or interval of measurement recording occasion and the amount of information of each log entry. Each neighboring cell contributes at least 65 bits for a log entry in LTE (ECGI 52 bits + RSRP 7 bits + RSRQ 6 bits) and UMTS (CGI 52 bits + RSCP 7 bits + Ec/No 6 bits). Considering “Periodic DL pilot” measurement, the following serving cell information will be logged periodically [4]:
· Radio environment measurement for the serving cell: both RSRP and RSRQ for EUTRA; both RSCP and Ec/No for UTRA and Rxlev for GERAN.
· Time stamp: relative time + absolute time.
· Location info: best effort: ECGI + GNSS info./ RF fingerprint information consisting of: PCI/PSC + RSRP/CPICH RSCP for up to 6 intra-frequency neighbour cells.

The number of bits occupied by the concerned parameters for serving cell:

· RSRP: 7 bits; RSRQ: 6 bits
· Time stamp: 24 bits
· ECGI: 52 bits
· Location information: 42 bits 
Total number of bits = 7 + 6 + 24 + 52 + 42 =131 bits. 
Assuming 10K bytes maximum log size and one hour configured log duration; UE performs logged MDT measurement during the validity time. Table 1 shows the situation of log memory consumption under different periodicity, 65 bits information per neighboring cell is assumed.
Table 1
	Periodicity
	Serving cell only
	Serving cell + 1 neighboring cell
	Serving cell +2  neighboring cells
	Serving cell + 4 neighboring cells
	Serving cell + 6  neighboring cells

	2s
	Log overflow
	
	
	
	

	5s
	9.432KB
	Log overflow
	
	
	

	10s
	4.716KB
	7.056KB
	9.396KB
	Log overflow
	

	15s
	3.144KB
	4.704KB
	6.264KB
	9.384KB
	Log overflow

	20s
	2.358KB
	3.528KB
	4.698KB
	7.038KB
	9.378KB


For 2s periodicity, UE log memory will overflow before duration timer expiry if only serving cell information is logged. UE log memory can accommodate all serving cell information during the validity period if 5s periodicity is configured. However, the log memory will overflow before the duration timer expires if information of one neighboring cell is also included. The larger the periodicity, the longer the log memory can survive. However, the more the neighboring cells are involved, the earlier the log memory will overflow. It can be seen that the amount of additional information contributed by neighboring cells is significant. If the log memory is exhausted before validity duration, the log campaign has to be suspended or some earliest/latest information has to be overridden according to a predefined policy. In order to avoid overridden situation, a shorter duration timer needs to be configured. Too much neighboring cell information will share valuable log memory with the serving cell and thus less information can be conveyed for the serving cell. Some additional procedures may also need to be introduced, e.g. a “LOG MDT data complete” indication to the network can be sent the next time the UE enters into CONNECTED state if the log memory has been completely occupied during the logged MDT campaign. This indication can be transmitted together with existing “LOG MDT data available” indication in the connection setup complete message and LTE handover, LTE re-establishment and UMTS SRNS relocation messages; just one more bit is added. Or the interpretation of the already foreseen “LOG MDT data available” bit indicator can be modified as: 0 “log data available”, 1 “log data complete”, when the IE is present. With this information, the network could retrieve the information more frequently. 
Proposal 1: The amount of neighboring cell information in logged MDT should be limited.
Proposal 2: “LOG MDT data complete” or “LOG MDT data available” indications can be transmitted in the connection setup complete message, as well as in the LTE handover, LTE re-establishment and UMTS SRNS relocation messages.

For IDLE state cell reselection RRM measurement, the maximum number of neighboring cells to be measured is not defined. For logged MDT purpose, it is possible to limit the maximum number of neighboring cells to be logged to a reasonable value. It was commented in the previous meeting that a possible solution is to just log the strongest cell on each frequency. A more flexible approach is to make the number configurable, based on different purpose or use cases. For example, 4 strongest cells are usually considered for the pilot pollution definition. So the maximum number of neighboring cells to be logged can be configured as 4 strongest cells. This does not mean the number of neighboring cells to be measured are limited, just the number of neighboring cells to be logged are limited and existing measurement procedures are not touched.
Another consideration is to just log necessary and important information of neighboring cells. Rel-10 logged MDT is mainly aimed for coverage optimization. So RSRP of neighboring cell measurement is an important parameter to be recorded. If RF fingerprint information has been recorded for a log entry, the RSRP of intra frequency neighboring cell is included and there is no need to include this information a second time, so this can be considered as a further optimisation. 
Proposal 3:  The maximum number of neighboring cells to be logged can be configurable, e.g. for pilot pollution detection the number can be configured as 4. 
The rate for the UE to perform neighboring cell measurement log can be reduced. Currently the UE will measure higher priority neighboring cells constantly after camping in its serving cell, as well as measuring other neighboring cells when corresponding criteria are met. When the serving cell measurement is logged periodically, neighboring cell information doesn’t need to be logged, as long as the criteria for new measurement event are not fulfilled and the measurement results have not been updated.  
In IDLE state, neighboring cell measurement for cell reselection purpose is started if S criterion is met. For logged MDT purpose, a separate “S criterion” can be considered, e.g. tighten parameters can be configured as “S criterion”, so that neighboring cell information can be decreased. Different criteria, or a consistent criterion regardless of the frequency, can be considered for intra-freq/inter-freq/inter-RAT neighboring cell measurements. There are some benefits to configure a consistent S criterion for all frequencies for logged MDT. The frequency priority impact is avoided and the measurements of neighboring cells can be solely aimed to coverage optimisation purpose. If existing S criterion for cell reselection purpose is reused, there are some restrictions to the measurements of lower priority frequencies. The frequency priority configurations for different UEs may be different, and this may cause different measurement results and lead to complexity and uncertainty for network post processing of the logged MDT.
To define tighten conditions for neighboring cell logged MDT, the purpose and use cases for the corresponding logged MDT can be considered. For example, the pilot pollution is defined as “Difference of DL pilot strength between the strongest cell and the Nth strongest cell is within M dB”. So that for detection of pilot pollution purpose of logged MDT, the start of neighboring cell measurement or log can be defined to a condition close to pilot pollution occurrence. However, this will introduce new events and we should be very careful about such new procedures.
Proposal 4: Separate parameters for “S criterion” for neighboring cell logged MDT measurements/recording can be configured.  
3
Conclusion 
In this contribution, we have discussed the memory consumption issue for neighboring cell logged MDT. The following are proposed:
Proposal 1: The amount of neighboring cell information in logged MDT should be limited.
Proposal 2: “LOG MDT data complete” or “LOG MDT data available” indications can be transmitted in the connection setup complete message, as well as in the LTE handover, LTE re-establishment and UMTS SRNS relocation messages.

Proposal 3:  The maximum number of neighboring cells to be logged can be configurable, e.g. for pilot pollution detection, the number can be configured as 4.
Proposal 4: Separate parameters for “S criterion” for neighboring cell logged MDT measurements/recording can be configured.  
4
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