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1. Introduction

In this contribution, Vodafone highlight the options for time stamping of logged MDT data, taking into account the need to minimise the amount of information to convey the time information as well as the need for accurate time stamping so that MDT logs from a large number of UEs can be correlated. 
2. Need for Time stamping
In order for measurement logs to be of any use, it should be possible to correlate the MDT data collected from a large number of UEs both in time and location. In this way the operator can understand whether a particular coverage problem identified by the UE measurement reports is a persistent problem or whether it was due to a particular event in time.
3. Options for providing time stamping information

Option 1: Absolute Time stamping
The most straightforward time stamp is one which provides the absolute time at which the MDT data was collected based on the UE internal clock.  However, it must be ensured that no ambiguity exists in the reported time from different UEs with different implementations.  One straightforward approach is to reuse the time stamp field used for SMS which basically provides explicit information about the time to avoid any ambiguity. Figure 1 (from TS 23.040 [1]) indicates the coding of time stamp for SMS which also includes information about the time zone. 

	
	Year:
	Month:
	Day:
	Hour:
	Minute:
	Second:
	Time Zone

	Digits:
(Semi‑octets)
	2
	2
	2
	2
	2
	2
	2


Figure 1: Time Stamp Coding for SMS (TS 23.040)

For the purpose of Logged MDT, the provision of ‘year’ information is not crucial. However, provision of the month information might be important so that operator can unambiguously correlate the MDT logs with past events in time, considering that post processing of MDT logs can take place after a long period of time.
Regarding time zone information, it is possible that UE starts measurement collection in a cell in one time zone and then moves into a cell of a different time zone. Moreover, a cell can span two different time zones at time zone borders. If no accurate location information is available then two UEs in different time zones but in the same area can report MDT data related to a certain event with the time zone offset. Moreover, the user can also update the UE time when going from one time zone to another. Hence, care should be taken to ensure that no ambiguity exists in the reported times in such situations and provision of time zone information is important. 
Assuming such a time format is used, each time stamp amounts to 50 bits of information.  Of course, some compression schemes might be applied considering that information like month, day or timezone are unlikely to change. 
However, the main concern is the possibility that the UE clock is wrongly set. In this case the reported time will be wrong and this can create confusion when MDT logs are analysed. 

There are several ways in which the UE internal clocks could be aligned with the network clock:

1) The network time reference can be obtained from Mobility Management information at NAS layer. However, the indication of this information is optional and cannot be guaranteed as indicated in R2-095640[2]. Moreover, not all UEs support this functionality.
2) The network broadcasts the network time frequently so that UE can align their ‘internal clocks’. This seems to be an unnecessary overhead considering that not all UEs in the cell are involved in MDT and the change in system information would require all UEs to acquire system information again.

3) Network provides the time in the MDT measurement configuration and UE aligns its internal clock to this time. 
Of the three options, it seems that network time indication in the MDT measurement configuration is most appropriate to align UE internal clocks if absolute time stamp is used.

Hence we can summarise the pros/cons of using an absolute time as follows:

Pros: 
· Simple approach which relies on UE clock
· No post-processing of logs to retrieve absolute time is necessary even though this benefit is somewhat lost if we compress the time information.

Cons: 
· Each time stamp should be around 50 bits of information to avoid ambiguity in reported time and each measurement should be tagged with this information.  Hence, there is an issue about the MDT log size with having an absolute time stamp.
· The reported time might not be accurate if the user has wrongly set the UE clock or changed the clock even if aligned by network signalling, unless RRC uses the time signalled in MDT configuration and not time from higher layers. 
Option 2: Relative Time Stamping

It is generally more reliable to rely on the network clock rather than on the UE clock. However, for Logged MDT, it is the UE that is making the measurements and can store them for a long time before having the opportunity to send the measurement report. 
There are basically two approaches for providing a relative time stamp:
Option 2a
UE indicates time from start of measurement logging e.g. when MDT measurement configuration is received with each measurement. When the MDT log is reported, network appends a time stamp which is used by the MDT entity to deduce the absolute time for each measurement. This is also proposed in R2-102909[3]. The relative time can be in the form of the SFN as proposed in [3]. 
One issue with this approach is that UE might have to wait a long time to send the MDT measurement log after completion of the logging. This means that UE has to keep track of how long the MDT configuration has been provided to the UE and include this time in the measurement report so that MDT entity can deduce the correct time based on the time stamp provided by the network. This will not be too much of an overhead if RAN2 are anyway going to have a validity timer for the UE MDT configuration/log.  However, without a validity timer, UE might have to run a dedicated timer for a long time until the MDT log can be reported, which seems to be an unnecessary overhead.  

Figure 2 illustrates the issue with network time stamping when UE cannot report MDT log immediately upon completion. 
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Figure 2: Need of maintaining time after completion of MDT log to report in MDT log
The pros and cons of the relative timestamp according to this option are as follows: 

Pros:

· The reference time is provided by the network and hence consistent time will be reported by all UEs involved in logged MDT, irrespective of their absolute clock setting.

· The amount of time information per log is significantly reduced as only a delta from the absolute time is reported.  

· Time granularity of radio frame is already known on network side and no need for network to signal the time unit. 

Cons: 

· Need to maintain a timer running after MDT log completion as long as UE has not reported the MDT log.  However, if a validity timer is present, this could be used to obtain the relative time at which UE reports MDT log. 

· Some extra processing from the receiving entity to decode the received time information based on absolute time reference provided by the network. 
· If the SFN is reported rather than timer value, there is an issue of whether this approach can be used in an asynchronous network. 
Option 2b
The Network time is indicated in the MDT measurement configuration.  UE only indicates time from start of measurement logging e.g. when MDT measurement configuration is received with each measurement. When MDT log is reported, UE includes the received network time in the MDT measurement log. 

Figure 3 indicates the signalling involved:
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Figure 3: Illustration of how absolute time reference can be signalled by network and reflected back by the UE.

Regarding the time format, the time granularity can either be the radio frame as described in [3] or as an optimisation, the network can also configure the granularity of time reporting by indicating what one unit of time from the absolute time is e.g. 1 unit = 1s or 1 unit = 10s etc.
It is assumed that UE would start the logging immediately on receiving the configuration. Hence, UE can start a timer and each time a measurement log is taken, UE calculates the number of time units that have elapsed since receiving the measurement configuration and appends that value to the MDT log. 

The pros and cons of the relative timestamp approach according to option 2b are as follows: 

Pros:
· The reference time is provided by the network and hence consistent time will be reported by ALL UEs involved in logged MDT, irrespective of their absolute clock setting.

· The amount of time information per log is reduced as only a delta from the absolute time is reported.  
· There is no need to maintain a timer running after completion of MDT logging until MDT log is reported.

Cons: 

· Some extra processing on the UE side to work out the delta from the absolute time and convert into appropriate units. 
· Some extra processing from the receiving entity to decode the received time information based on received absolute time reference and possibly time unit.
· Some extra RRC signalling to provide the absolute timing in both the MDT measurement configuration and MDT measurement log report. 
Based on the above analysis, Vodafone would like to make the following proposals:

Proposal 1: Irrespective of whether absolute time or relative time stamping is used, the Network should provide the absolute time at which the MDT configuration is provided as a reference as part of the Logged MDT configuration.
Proposal 2: An absolute time stamping is preferable considering the reduced effort in post-processing the time information. 

Proposal 3: If MDT log size due to provision of absolute time information per measurement is an issue, Vodafone prefers the inclusion of the absolute time reference provided by the network in the MDT measurement report rather than relying on the eNB to timestamp the received logs. 
4. Conclusions
In this contribution, Vodafone indicates the options for providing a time stamp to the UE.  Based on the analysis in this paper, Vodafone would like to make the following proposals: 

Proposal 1: Irrespective of whether absolute time or relative time stamping is used, the Network should provide the absolute time at which the MDT configuration is provided as a reference as part of the Logged MDT configuration.

Proposal 2: An absolute time stamping is preferable considering the reduced effort in post-processing the time information. 

Proposal 3: If MDT log size due to provision of absolute time information per measurement is an issue, Vodafone prefers the inclusion of the absolute time reference provided by the network in the MDT measurement report rather than relying on the eNB to timestamp the received logs. 

RAN2 is kindly requested to consider the above proposals for provision of a timestamp in the logged MDT measurement report. 
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