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1. Introduction

Minimization of drive tests (MDT) has been proposed by RAN2 as a means for reducing the effort for operators when gathering information on e.g. coverage and radio link quality within the radio access network. The proposed approach is based on that UEs collect coverage information and sends it to the network – this as opposed to the traditional approach where the operator has to collect similar information using so called drive tests. The RAN2 proposal is summarized in TR 36.805 [1] and TS 37.320 [2].

At RAN4 meeting #56, Huawei provided initial considerations on MDT [4]. In the present document we provide an overview and some further considerations.  

2. Discussion
In TS 37.320 [2], two kinds of measurement reporting for MDT are outlined:

· Logged MDT, and

· Immediate MDT.

The former is to be used in idle mode (RRC_IDLE in E-UTRA; CELL_PCH and URA_PCH in UTRA) when the UE is in the “camped normally” state, and the latter is to be used in connected state (RRC_CONNECTED in E-UTRA; CELL_DCH in UTRA). There is currently no support of MDT in UTRA state CELL_FACH.

A Logged MDT report is based on the same measurements as carried out for cell reselection, i.e., CPICH RSCP and CPICH Ec/No for UTRA and RSRP and RSRQ for E-UTRA. The logging is configured by the network using dedicated signalling before the UE enters idle mode. The MDT measurement configuration contains:
· Triggering of logging events

· Periodical downlink pilot strength measurements are configurable as logging intervals expressed in multiples of the DRX (paging) cycle.

· Total duration of logging

· The timer starts when the MDT configuration has been received and applied.

· Logging stops when the timer expires and the MDT configuration is cleared

· Network absolute time stamp

· To be used as time reference by the UE

· (optional) measurement area, expressed as cell list or list of tracking area (TA)/location area (LA)/registration area (RA)
· UE is only to carry out logging when within listed cells or listed TA/LA/RAs. 

It shall be noted that the MDT reports are based on existing measurements for UE-controlled cell re-selection or network-controlled mobility measurements. Hence in idle mode, fewer cells may be logged when the serving cell is strong than when the serving cell is weak – a consequence of idle mode procedures (see e.g. TS 36.304 [3]) and usage of signal strength thresholds. Moreover, the number of cells monitored at any given time is UE implementation specific.

Current proposal of MDT only covers intra-RAT logging activities, hence when the UE leaves one RAT for another, the logging shall stop until the UE again enters the RAT for which MDT reporting is configured.

In case of Logged MDT, the UE shall use the transmitted absolute time stamp as reference, and subsequent measurement values are to be marked with a relative time stamp as kept track of by the UE itself. Such functionality is not needed in Immediate MDT since here there is a tight interaction between the UE and the base station (Node B or eNode B). The accuracy of the relative time stamping is to be specified.

Regardless of whether Logged or Immediate MDT is carried out, the network will not be able to force the UE to provide accurate location information. However, in order to determine the location of the UE, the following information is to be reported by the UE for each measurement:

· ECGI of serving cell when the measurement was taken (global cell identifier)

· GNSS location information – if available in the UE when the measurement was taken. 

· If included, the report shall contain latitude and longitude. 

· Optionally altitude may be added.

· If no GNSS location information is available, the UE includes fingerprint information such as PCI/PSC (E-UTRAN physical cell identity  or UTRAN scrambling code) and RSRP/CPICH RSCP for up to 6 neighbour cells

For the latter, it shall again be noted that in case of good signal conditions in idle mode, it may only be the serving cell that is monitored due to power saving [3]. However, under such conditions the MDT logging is of lesser importance since the aim is to detect bad coverage.
In case the UE memory reserved for MDT is exceeded, the UE stops logging and stops the timer. The size of this memory is FFS in [2]. 

2.1. Impact of MDT on UE in RRC_CONNECTED
We do not foresee any impact of MDT in connected mode since it may be handled within the existing Rel8/9 RRM support framework. 

2.2. Impact of MDT on UE in RRC_IDLE
In idle mode, we can foresee that the following details have an impact on the UE complexity:
· Periodicity and duration of logging

· Accuracy requirements on the relative time stamping
The above are addressed in the following sections:
2.2.1 Periodicity and duration of logging

The required memory reserved for MDT is proportional to periodicity and duration of the logging. It has been pointed out in [2] that the time stamping is on second basis, and that the periodicity is stated as a multiple of the DRX (paging) cycle. In order for the shortest paging cycle, 320 ms, to exceed 1 s, a factor of 4 is needed. The network does not know how the UE will move around in geography hence the network has to take the shortest DRX cycle into account when configuring the UE. However, it is not known whether it is critical that every time stamp is unique. If not, one cannot assume that 4xDRX cycle is the shortest MDT measurement logging interval. 

The maximum amount of information in a single log entry is likely to be:

· ECGI serving cell (52 bits [1])

· Time stamp (36 bits – Day/Hour/Minute/Second)

· Assumption based on Month/Day/Hour/Minute/Second in [1] with 4 bits removed since Month is not needed) 

· RSRP and RSRQ, or CPICH RSCP and Ec/No (14 bits)
· Fingerprint of 6 neighbour cells (6x16 bits)

· PCI/PSC (9 bits [1])

· RSRP/RSCP (7 bits [1]))

Thus in total for a single measurement entry in the log, 198 bits or roughly 25 bytes are needed. Some more may be needed in order to e.g. keep track of the number of cells reported in the “fingerprint” for each record, and to indicate the kind of location information.

The memory needed for logging may be calculated as:

MDT logging duration (s)/MDT logging interval (s)* 25 bytes

In case logging is to be carried out for 24 hours using a DRX multiple of 1 where the DRX (paging) cycle is 320 ms, it means that 270 000 entries (24*60*60*(1/0.32)) are to be stored. Applying the estimate above, this corresponds to 6.75 Mbytes which is far more than needed for L2 buffering in connected mode. 

It shall be noted that if MDT logging drives UE cost, it is less likely that a plurality of UEs will support it. Hence a well-balanced trade-off between temporal resolution, logging duration, and required memory is needed. Too tough requirements may be counter-productive, since from network planning perspective it may be better to have a majority of the UEs supporting sparse logging than just a few supporting dense logging.  

2.2.2 Accuracy requirements on the relative time stamping

Regarding the accuracy of the time stamping, it shall be noted that in case the requirements on accuracy are very tight, it may drive UE cost and complexity. Similar to the case discussed above this may then lead to that a smaller number of UEs are supporting Logged MDT. It is likely that a large number of UEs providing measurements with small uncertainty on when the measurements were collected provide more information than just a few UEs with very accurate time stamps. Particularly if considering that the inaccuracy will not be systematic. With a plurality of reports, the network will find that a problem occurs with some likelihood, and that the absolute time at which it occurs is statistically distributed according to some distribution around some mean timing. 

The reason that a very accurate time stamp would increase the cost may differ depending on UE implementation. In some implementations, the UE may use a high-power high-accuracy clock when active, and a low-power low-accuracy clock when inactive (i.e., while receiving paging or carrying out measurements the UE tracks time accurately, but when sleeping the accuracy is lower – waking up is associated with some margin in terms of where to find the cell). The switching between the clocks may introduce drift. If requiring a very accurate time stamping in idle mode it would mean that the high-accuracy clock would have to be used in a larger extent, resulting in reduced user experience since it will drain the battery (shorter stand-by time). In other implementations the time stamping may be based on an external (with respect to the baseband or modem) clock. Here too it is a general rule that the more accurate the timing reference, the more expensive is the clock.

It is our opinion that MDT methodology will benefit from a scenario where virtually all UEs are supporting MDT at virtually no expense. Therefore we propose the following:

Proposal 1: The accuracy of the relative time stamping is to be such that the drift of the time stamping is to be ±5s or less per hour.

3. Summary of proposed way forward

With respect to the analysis provided in section 2, we propose the following way forward:

RAN4 is to send an LS to RAN2, kindly asking for:

· The smallest DRX cycle multiple considered for MDT logging periodicity, and

· The longest measurement duration.

· Moreover, RAN2 is asked to assess whether a relative time stamping inaccuracy of ±5s per hour is acceptable from system perspective.

4. Conclusion

We have presented an overview of the requirements – from RAN4 perspective – that follows from MDT. In our opinion the MDT concept will be more successful from network planning perspective if a majority of the UEs are support logging of MDT-related information, rather than if just a few specialized UEs do so. Hence we argue for requirements that allow UEs to support MDT with virtually no or minimal additional cost, i.e., by allowing logs to be stored within existing L2 budget and relative time stamping to be based on a reasonably accurate timing reference. 

Our assessment regarding connected mode is that MDT will not have any cost in terms of UE complexity or user experience (in terms of power consumption).

For idle mode the assessment cannot be completed without the input from RAN2. Hence we propose an LS to be sent to RAN2.

In summary, our proposals are as follows:
Proposal 1: The accuracy of the relative time stamping is to be such that the drift of the time stamping is to be ±5s or less per hour.

Proposal 2:  RAN4 is to send an LS to RAN2, kindly asking for:

· The smallest DRX cycle multiple considered for MDT logging periodicity, and

· The longest measurement duration.

· Moreover, RAN2 is asked to assess whether a relative time stamping inaccuracy of ±5s per hour is acceptable from system point of view.
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