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1 Introduction
During RAN2#69bis, several aspects of the logged MDT were discussed and progressed. In this contribution we try to progress the work by proposing a simple approach, with only limited configuration options. We believe that such an approach will lead to sufficient flexibility, but will allow much faster introduction and implementation of the logged MDT functionality. 
2 Discussion
2.1 Configuration
There are several configuration options for the RRM measurements in connected mode. The measurement configuration enables careful optimization of the measurement quantity, triggers for the measurement report and reporting quantity, At first glance a similar approach might be applicable for the logged MDT. However, it is important to realize that the requirements for logged MDT are very different for the requirements for RRM measurements. For example, the RRM measurement report needs to have as small size as possible in order to minimize the probability that the UE will actually loose the connection before being able to transmit the measurement report and receive the subsequent hand over command. Clearly no such limitation is applicable for logged mode MDT.

In order to minimize configuration options, we propose to fix the measurement quantity in the specification

Proposal 1: Measurement quantity for logged MDT is fixed in the specification and consists of both RSRP and RSRQ for EUTRA, both RSCP and Ec/No for UTRA and Rxlev for GERAN
Similarly the existing RRM measurements have been (at least for E-UTRA) carefully selected to match required RRM tasks (e.g. intra-frequency handover, inter-frequency handover, inter-RAT handover, load balancing, component carrier addition). For logged MDT the focus of Rel-10 work is on coverage optimization use case.

We have compared the proposed logged MDT measurements in [1] in Table 1. Based on the analysis in Table 1, it seems that the simplest measurement fulfilling the requirements for coverage optimization use case is the periodic DL pilot strength measurement. In order to limit the UE complexity we would like to limit the number of supported measurements as much as possible, and propose that 

Proposal 2: As a baseline, only periodic DL pilot strength measurement is supported for logged MDT. 

For periodic DL pilot strength measurement, it seems sufficient to specify only two parameters: the number of measurements to be performed and the measurement interval. In order to not increase the UE battery consumption, we think that the measurement interval should be specified in multiples of the DRX cycle.

Proposal 3: For periodic DL pilot strength measurement, it is possible to configure the number of measurements to be performed and the measurement interval in multiples of the DRX cycle.

One possible drawback with only periodic measurement is the possibility that the UE log size may increase or UE may fill the available memory before it has reached the desired logging range. If this is considered to be a significant issue, an event triggered periodic reporting could be considered.
Table 1: Applicability of various measurements for coverage optimization use case
	Measurement
	Suitability for MDT coverage optimization
	Drawbacks
	Comments

	Periodic DL pilot strength
	Allows NW to obtain a periodical sample of the signal strength. 

As long as the UEs enter the desired area, periodic measurement will lead to an accurate signal strength map and identification of the coverage holes. 
	May lead to “unnecessary” large amounts of measurement data collected in the log and reported to the network.
	Seems the simplest candidate fulfilling the coverage optimization use case

	Serving below threshold
	An event triggered measurement will only lead to a single sample being produced when the signal strength drops below a predefined threshold. This might be suitable to identify the coverage hole to some extend, but cannot be used to obtain a signal strength map
	Requires a careful configuration of the threshold level in order to obtain proper results.
A single measurement sample per configuration.
	Does not seem to fully fulfill the coverage optimization use case


2.2 Reporting of results

The reporting of the measurements was briefly discussed during RAN2#69bis. Some companies expressed a view that the UE should only indicate logged MDT measurements available once it has finished a “logging campaign”. Based on proposals from Section 2.1, this would correspond to UE only reporting logged MDT measurements once it has collected the configured number of measurement samples.

We believe that such an approach is problematic because
· There will be a delay in the reporting of measurement results. 

· The UE may have left the intended area for coverage optimization, and may therefore perform measurements unnecessarily
· The UE will always have to reserve memory for MDT reporting for the whole “logging campaign”.
The main benefit of not reporting data immediately seems to be to avoid the fragmentation of the logged data. In our understanding, there are not significant efficiency gains even if the log is transmitted in several segments. For example, for the immediate reporting, [2] and [3] show that the impact on air interface and O&M capacity is minimal even if the individual reports are transmitted separately. If the UE simply indicates available data whenever it has logged data and establishes an RRC connection, it can be expected that the impact on the air interface and O&M capacity is even smaller from logged MDT.
Proposal 4: UE shall indicate availability of logged MDT measurements always when log is available and an RRC connection is established.
2.3 Reconfiguration of the logged MDT 

It seems that the reconfiguration of the logged MDT measurements can be beneficial to avoid unnecessary measurements in the UE. 

As explained in Section 2.2, we expect that the eNB / RNC will know that UE has been configured with MDT when the UE indicates availability of the logged MDT data the RRC Connection Setup Complete. 

Proposal 5: The eNB / RNC may reconfigure the logged MDT measurements based on the indication of available data in the RRC Connection Setup Complete.
An alternative would be to include a separate bit indicating that the UE has a valid MDT configuration in the RRC Connection Setup Complete. However, it seems that such an indication is not needed if Proposal 4 is agreeable.
2.4 Interpretation of the MDT results

In general, it seems desirable to have a protocol architecture allowing the eNB and the RNC to understand the received logged MDT measurement reports (for discussion of the alternatives, please see e.g. [4]). Such architecture allows eNB/RNC to use the received measurement results for node internal SON functionality, or for other network optimization / monitoring purpose. This is one of the key benefits of the control plane solution, and therefore we propose
Proposal 6: The logged MDT measurement results are self-contained, i.e. an MDT capable eNB or RNC is able to understand the measurement data in the received logged MDT measurement report even if it does not have access to the logged MDT measurement configuration 
Note that the intention is to not mandate eNB or RNC to process the report, but make it possible for the eNB/RNC to access the report when needed.

It seems that the minimum set of the information needed for the eNB or RNC to decode the results consist of serving cell global ID (already agreed), measurement results of the serving cell, a time stamp and available location information (GNSS location information or RF fingerprint information)
Proposal 7: Logged MDT measurement report consists serving cell global ID, serving cell measurement results, time stamp, available location information
2.5 Transport of the MDT results
As during the study item phase and also in RAN2#69bis, the size of the MDT log can be significantly larger than the size of a typical RRC or NAS message. Assuming that the 

· size of the global cell id is 12 bytes

· serving cell results consist of RSRP and RSRQ range of 1 byte each
· time stamp consists of 16 bytes (corresponding to e.g. 5 year range with one second accuracy)

· location information consists of 7 bytes (see e.g. [R2-101980], but please note that the global cell id is already counted above)

With these assumptions, the resulting MDT log sizes and transfer delays for some campaign lengths and reporting intervals are shown in Table 2. Even though the values can at best be crude estimates, the values are clearly large enough to cause problematic head of queue blocking for RRC or NAS messages if transferred over existing SRBs used for RRC or NAS signalling in LTE or in UMTS. For LTE the conclusion is clear and we propose
Proposal 8: Introduce a new signalling radio bearer for logged MDT reporting in LTE.

However, for UMTS, the delays for SRB4 might be tolerable. This needs to be studied further.

Table 2: Examples of total log size and corresponding transfer delays

	Measurement campaign length
	Measurement interval
	Total log size
	Transfer delay at 100 kpbs
	Transfer delay at 1 Mbps

	1 hour
	1 second
	130 kbytes
	10 s
	1 s

	1 hour
	5 seconds
	27 kbytes
	2 s
	0,2 s

	1 hour
	60 seconds
	2.2 kbytes
	0,2 s
	0,02 s

	30 minutes
	1 second
	67 kbytes
	5 s
	0,5 s

	30 minutes
	5 seconds
	13 kbytes
	1 s
	0,1 s

	30 minutes
	60 seconds
	1.1 kbytes
	0,1 s
	0,01s


3 Conclusion
We have proposed a simple approach for logged MDT, with only limited configuration options, but still allowing sufficient flexibility.

Proposal 1: Measurement quantity for logged MDT is fixed in the specification and consists of both RSRP and RSRQ for EUTRA, both RSCP and Ec/No for UTRA and Rxlev for GERAN
Proposal 2: As a baseline, only periodic DL pilot strength measurement is supported for logged MDT. 

Proposal 3: For periodic DL pilot strength measurement, it is possible to configure the number of measurements to be performed and the measurement interval in multiples of the DRX cycle.

Proposal 4: UE shall indicate availability of logged MDT measurements always when when log is available and an RRC connection is established.
Proposal 5: The eNB / RNC may reconfigure the logged MDT measurements based on the indication of available data in the RRC Connection Setup Complete.
Proposal 6: The logged MDT measurement results are self-contained, i.e. an MDT capable eNB or RNC is able to understand the measurement data in the received logged MDT measurement report even if it does not have access to the logged MDT measurement configuration 
Proposal 7: Logged MDT measurement report consists serving cell global ID, serving cell measurement results, time stamp, location information
Proposal 8: Introduce a new signalling radio bearer for logged MDT reporting in LTE.

The corresponding text proposal for 37.320 is provided in Section 5.
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5 Text proposal 
Text proposal for section 5.1.1 of 37.320

5.1.1
Measurement configuration

[Editor’s note: This section will describe the measurement configuration principles]


Logged MDT measurements are configured with a separate MDT Measurement Configuration message, as shown in Figure 5.1.1-1. The MDT measurement configuration consists of 
-
configuration of the measurements to be logged, i.e. the measurement object (frequency). The measurement quantity is fixed for logged MDT and consists of both RSRP and RSRQ for EUTRA, both RSCP and Ec/No for UTRA and Rxlev for GERAN.

-
configuration of the triggering of logging events. The only supported measurement trigger is periodic downlink pilot strength measurement, for which the maximum number of measurements and the measurement interval (in multiples of the applied IDLE mode DRX cycle) can be configured
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Figure 5.1.1-1: MDT measurement configuration
For Logged MDT in IDLE, the configuration is provided in one cell by dedicated control while UE is in CONNECTED and implies:

· measurement configuration is valid in IDLE

· measurement configuration and logs are maintained  when the UE is in IDLE, i.e. during multiple IDLE periods interrupted by IDLE->CONNECTED->IDLE state transitions

· measurement configuration and logs are maintained when the UE is in IDLE in that RAT, i.e. during multiple IDLE periods interrupted by UE presence in another RAT

For Logged MDT in IDLE, the network may reconfigure the UE at any point of time when the UE is in CONNECTED.
For Logged MDT in IDLE, no need is identified to transfer an MDT context (any related configuration information about measurement and reporting) between (e)NBs/RNCs. In addition, MDT context is assumed to be released in the RAN nodes when the UE is in IDLE.



For Immediate MDT, the configuration is based on the existing RRC measurement procedures for configuration and reporting, potentially with some extensions. 

Editor’s note: No extensions related to time stamping are expected for Immediate MDT i.e. time stamping is expected to be provided by eNB/RNC.

Text proposal for section 5.1.3 of 37.320

---

5.1.3
Measurement reporting

The UE configured to perform Logged MDT measurements in IDLE indicates the availability of a measurement log during connection establishment in RRCConnectionSetupComplete message as shown in Figure 5.1.3-1. The UE shall include the indication when logged measurement requests are available. The network can decide to retrieve the logged measurements based on this indication.

For Logged MDT the measurement reporting is triggered by UE Information Request message, i.e. the UE is asked by the network to send the collected measurement logs via UE Information Request message. The reporting may occur in different cells than which the measurement configuration is signalled.
The logged measurement report consists of measurement ID, measurement results for the serving cell (the measurement object and the measurement quantity), time stamp and location information. The measurement report is self contained, i.e. the RAN node is able to interpret the Logged MDT reporting results without any further context received from OAM.

Location information is only based on available location information in the UE. Thus, the Logged MDT measurements are tagged by the UE with location data in the following manner:

· ECGI of the serving cell when the measurement was taken is always included

· GNSS location information is included if available in the UE when the measurement was taken

· if GNSS location information is not available when the measurement was taken, the UE includes RF fingerprint information consisting of: PCI/PSC + RSRP/CPICH RSCP for up to 6 intra-frequency neighbour cells

It remains FFS when GNSS location information is considered available for the logged measurement, e.g. the acceptable time lag.

[image: image2.emf] 

UEInformationResponse  

UEInformationRequest  

UE   (E)UTRAN  

RRCConnectionSetUp Complete  


Figure 5.1.3-1: MDT measurement configuration (E-UTRA)
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