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1. Introduction
At RAN2#68bis [1], RAN2 discussed the need for logged or delayed reporting in connected mode and left this issue for further study. In Vodafone’s view, delayed reporting in connected mode is important and should be supported. In this contribution, Vodafone proposes mechanisms for delayed measurement reporting in connected mode.
2. Mechanisms for Delayed Reporting in Connected Mode
As indicated during email discussion, it is important that MDT data is not prioritised over user data and hence it should be possible to delay the reporting of MDT measurements in Connected Mode. In our view, there are two mechanisms to delay the MDT measurement reporting in connected Mode.

a) Low priority Signalling Radio Bearer for MDT Measurement Reporting

The UE normally prioritises sending of signalling information over user data as these are time critical information. However, such a restriction does not apply to MDT measurement reports. One way of delaying the MDT measurement report is to introduce a low priority signalling radio bearer which is only used for MDT measurement reporting. If this SRB is implemented, then UE could in principle delay the transmission of the MDT measurements by using the prioritised bit rate mechanism. 
b) Delaying UE Request of Network Resources for MDT Measurement Reporting
Logged reporting is required when the trigger for sending MDT measurement report occurs while UE has user data pending in the buffer.  For example, UE may be asked to make MDT measurements for a pre-defined period and send a measurement report at the end of this period or the measurement report should be sent when a triggering condition is met. When this trigger happens, UE is expected to make a Scheduling Request (SR) for sending the MDT measurements in case of immediate reporting in connected mode. However, in order not to impact user data transfer the sending of the SR should be delayed.
In normal cases, UE in connected mode is configured with DRX (long DRX and optionally short DRX) and UE enters this mode when the inactivity timer expires. Hence, one way to minimise the impact on user data transmission is to wait for the expiry of the DRX inactivity timer (assuming user UL buffer is also empty) before sending a Scheduling Request (SR) for measurement reporting. Figure 1 illustrates the possible cases depending on when the trigger for sending MDT measurement report occurs.
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Figure 1: Cases of occurrence of trigger for reporting of connected mode MDT measurements

Case 1: Trigger for MDT measurement report occurs in Connected Mode

a) Trigger while there is UL and/or DL traffic Activity
In this case, the trigger for measurement reporting occurs while UE is still receiving data on the DL and might have data pending in the buffer to send on the uplink. It would be detrimental to the user experience to abort the sending of UL data in order to send the MDT measurement report.  Moreover, even if the user buffer is empty, there might still be the need to send UL acknowledgements to DL received data e.g. TCP acks. These should be sent promptly to avoid TCP timeout. Consequently, it is not useful for UE to send the UL MDT measurements while there is still some traffic activity on the DL. 
In order to avoid impacting user data transmission, it is proposed that UE waits until expiry of the DRX inactivity timer to send a SR for MDT measurement reporting. In this way, MDT measurement reporting would not adversely affect user data transmission.  
Proposal 1: UE should only send MDT measurement report at the expiry of the DRx inactivity timer

b) User Data Arrival During MDT measurement Reporting
Of course, there is a possibility that whilst UE is involved in sending the MDT measurement reports UL user data arrives in the buffer.  For the case where UE has already requested a grant to send the UL MDT report (or part of it), the following options are possible:

1) UE waits for the grant and sends the MDT measurement report together with a request for additional grant for new user data. If only part of the MDT measurements could be sent, UE aborts sending the remaining MDT measurements until the user data buffer is empty again. However, once UE has started partial transmission of the MDT measurements, it should finish the transmission of the remaining MDT data once the drx inactivity timer expires again. 
2) UE uses the allocated grant to send user data instead of the MDT measurement report (explicit prioritisation) and resumes with MDT measurement reporting after completion of user data transmission. In this case, UE waits for expiry of the drx-inactivity timer to do MDT measurement reporting. 
In Vodafone’s view, there is no need to pre-empt transmission of MDT measurement once a grant has been allocated.  However, no additional grants should be requested for MDT measurements if the allocated grant was not sufficient to transmit the MDT measurement report.
Proposal 2: In case user data arrives in the buffer while UE is waiting for a grant for MDT measurement reporting, UE should not pre-empt the MDT measurement data transmission. 
Proposal 3: If there is pending user data, UE should not request a grant for MDT measurement reporting, even if it has already initiated partial transmission of the MDT measurement report.

c)  Handover occurrence before MDT measurement Reporting

If UL/DL traffic activity persists while UE is in a cell, there might be no opportunity to send the MDT measurement report before handover is triggered. In this case, we have the following options for handling the MDT measurement report:
1) Send the MDT measurement report when handover is triggered e.g. together with mobility measurement report.

2) UE keeps the measurement report and report it in the target cell at the next period of inactivity

At least option 1 does not seem to be appealing since the mobility measurement reports are sent when the radio conditions of the serving cell is deteriorating and hence, sending the MDT measurement report at this time can delay the handover and increase the chance of RLF.

If the target eNB/RNC supports MDT measurement reporting, it should be straightforward for UE to send the MDT measurement reports in the target cell at the next period of inactivity (at least for the intra-RAT case). 

Proposal 4: UE should keep the MDT measurement reports at intra-RAT handover and report them in the target node (according to the principles of MDT measurement reporting for the RAT) at the next period of traffic inactivity.  
However, there is an issue of what happens if the target eNB/RNC does not support MDT measurement reporting. This situation also occurs during inter-RAT handover where target RAN node will not understand the reporting configuration.  In Vodafone’s view, it is important that MDT measurements collected in areas where there is a high occurrence of inter-RAT handovers are not lost as the operator needs to understand the reason for the occurrence of the inter-RAT handover.  
Proposal 5: RAN2 should consider mechanisms to prevent loss of MDT measurement reports at handover to a RAN node which does not support MDT or belongs to a different RAT
Case 2: Trigger for MDT measurement report occurs in DRX Connected Mode

In this case, UE is already in a period of inactivity and hence the most straightforward approach is for UE to immediately send a scheduling request to the network and perform the MDT measurement reporting. Of course, if user data arrives during the MDT measurement transmission, UE should abort MDT measurement report as per proposals 2 and 3 above. 
Proposal 6: If trigger for MDT measurement reporting occurs whilst UE is in DRX connected mode, UE should immediately send the MDT measurement report. 

Case 3:  Trigger for MDT measurements occur after UE enters RRC_IDLE

If the network has configured UE to make connected mode MDT measurements for a certain period of time, then a sensible network implementation would not release the RRC connection until after the period of logging expires even if the inactivity timers expire. However, at least in the UMTS case, there is a possibility for UE to initiate the RRC Connection Release (using signalling connection release indicator) and hence it is possible that the trigger for MDT measurement report occurs after UE is sent to RRC_IDLE. In this case, a mechanism is required to either keep the measurement logs until UE next enters RRC_CONNECTED mode (if the measurements are aborted on going to RRC_IDLE) or the measurements are allowed to proceed in RRC_IDLE. Any triggered measurement report should then be kept until UE next enters connected mode again. 
Proposal 7: UE should keep measurement logs acquired whilst in connected mode on transition to RRC IDLE if the measurements cannot be continued in RRC IDLE. It is FFS for how long UE should keep the measurement reports whilst in idle mode. 

Proposal 8: If the measurements configured in connected mode can be performed in idle mode, UE should continue with the measurement logging until the trigger for reporting is met and keep the log until it next enters connected mode for sending the report. It is FFS for how long UE should keep the measurement reports whilst in idle mode. 

Summary
In this contribution, Vodafone discusses the mechanisms for delayed reporting in connected mode with the objectives of prioritising user data over MDT data and preventing the loss of measurement logs performed in connected mode. The following proposals are made:
Proposal 1: UE should only send MDT measurement report at the expiry of the DRx inactivity timer

Proposal 2: In case user data arrives in the buffer while UE is waiting for a grant for MDT measurement reporting, UE should not pre-empt the MDT measurement data transmission. 

Proposal 3: If there is pending user data, UE should not request a grant for MDT measurement reporting, even if it has already initiated partial transmission of the MDT measurement report.

Proposal 4: UE should keep the MDT measurement reports at intra-RAT handover and report them in the target node (according to the principles of MDT measurement reporting for the RAT) at the next period of traffic inactivity.  

Proposal 5: RAN2 should consider mechanisms to prevent loss of MDT measurement reports at handover to a RAN node which does not support MDT or belongs to a different RAT.
Proposal 6: If trigger for MDT measurement reporting occurs whilst UE is in DRX connected mode, UE should immediately send the MDT measurement report. 

Proposal 7: UE should keep measurement logs acquired whilst in connected mode on transition to RRC IDLE if the measurements cannot be continued in RRC IDLE. It is FFS for how long UE should keep the measurement reports whilst in idle mode. 

Proposal 8: If the measurements configured in connected mode can be performed in idle mode, UE should continue with the measurement logging until the trigger for reporting is met and keep the log until it next enters connected mode for sending the report. It is FFS for how long UE should keep the measurement reports whilst in idle mode. 
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