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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
Rel-17 SON/MDT [1] includes the following RAN2-led objectives in the context of MDT. 
· Support of data collection for MDT features for identified use cases, including 2-step RACH optimization and leftovers of Rel-16 SON/MDT WI (MDT enhancements and MDT for MR-DC) [RAN2, RAN3, RAN4]
· Enhancement of logged and immediate MDT (including coexistence with IDC) [RAN2, RAN3]
· Enhancement of reporting e.g. RLF and accessibility measurements, Successful Handover reporting [RAN2, RAN3].
· Specification of MDT for MR-DC [RAN2, RAN3, RAN4]

Furthermore, in RAN2#111-emeeting [2], the following topics are prioritized:
· Study the support of logged and Immediate MDT in the MR-DC scenario.
  In this contribution draft, we consider different aspects of logged measurement enhancements in MR-DC and CA scenarios. 
2. Discussion
[bookmark: _Ref4532732]In this paper, we have the following two discussions:
1. Logging of measurements on non-SIB4 frequencies
2. Logged measurement continuity: here, we discuss the possibility of logged measurement continuity, i.e., a possible way to log the measurements irrespective of the RAT of the UE camped cell.   
3. Further logged measurements enhancements: here, we discuss the possibility to introduce the event-based measurements for the detection of RAT-specific and frequency-specific coverage issues. 

2.1 Logging of measurements on non-SIB4 frequencies

In the RAN2-113-emeeting [3], we had the following agreements:

Agreement:
	The network can use a flag in logged MDT configuration to indicate if an early measurement/idle mode configuration has relevance for logged measurement purposes. Upon such an indication, UE can log measurements on non-cellReselection (carrier frequencies not part of SIB4 or SIB5).  AreaConfig and/or InterFreqTargetInfo can be used for filtering of SIB4 and non-SIB4 frequencies. Whether a flag is needed should be FFS.

It is FFS whether a flag is needed to indicate if an early measurement/idle mode configuration has relevance for logged measurement purposes. We believe that idle mode measurements may not always have significance for logged measurement purposes. Therefore, based on the requirements, using the flag, the network can activate or deactivate the logging of idle mode frequencies measurements. 
Observation 1: Idle mode measurements may not always have significance for logged measurement purposes. Therefore, based on the requirements, using the flag, the network can activate or deactivate the logging of idle mode frequencies measurements. 
Proposal 1: In the logged measurement configuration, use a flag to indicate whether an early measurement configuration has relevance for logged measurement.

2.2 Logged measurement continuity 

In the post RAN2-113-emeeting discussion [4], for the logged measurement continuity, four options were discussed and received support from different companies as listed below:
1. LTE and NR logged MDT configurations are independent, and UE performs logging based on the logged MDT configuration of the same RAT it camps. (CATT, Qualcomm, ZTE, Nokia, and OPPO)
2. In EN-DC where UE cannot camp on NR cells, UE logs the NR measurements based on network configurations, i.e. for the NR logged MDT measurements in NSA, LTE SIB24 broadcasts the NR frequencies and indicates the UE does not need to reselect to NR cells. (OPPO, Huawei)
3. Do not introduce SN configuration for logged MDT (neither for camping nor for non-camping/ EMR specific frequencies). (Samsung, Sharp, and NOKIA)
4. Enhanced areaConfiguration wherein a list of areaConfig could be provided to the UE wherein one list is associated to LTE and the other is associated is NR. (OPPO, Vivo, Ericsson)

The simplest option is option 3, where the logged measurement configuration and reporting of the legacy procedure are adopted. However, there are fundamental issues with this solution, as it cannot support logged measurement continuity. Due to that, the following issue arises:
· Logged measurements are obtained and reported to the same RAT on which it received the configuration. For example, if the configuration is received from the NR cell, UE obtains the measurement on the NR cell, it cannot be reported to the LTE cell. If LTE sends a new configuration whole UE effort in logging these measurements go into wastage as logged MDT measurements are discarded upon receiving a config from another RAT in Rel-16.  
· There can be a lot of ping-pong when receiving configuration over LTE and NR cells. 
· The measurement logging is more focused on from which RAT and frequency the configuration is received. Therefore, it provides sub-optimal optimization scope. 
· Areaconfiguration is RAT specific. 

Option 4 share the same drawback as discussed in the case of option 4, where there can be a lot of ping-pong, UE measurement collection can go in wastage, and the logging is focused on from which RAT and frequency the configuration is received. While this option tries to minimize the RAT-specific areaconfiguration, in an inter-system logged measurement configuration design, one RAT cannot be aware of the areaconfiguration for another RAT. Therefore, this solution is ineffective as option 3. 

Option 2 has similar drawbacks as option 3. 

Option 1, on the other hand, is a simple and elegant solution, where all of the drawbacks that exist in the other options can be addressed. We acknowledge that there may be a higher memory requirement at the UE, however, the memory of 64 KB should not be the issue. Another issue pointed out as the power may not be valid as the UE only logs the measurement and for logging the measurements no additional power is required. 

Observation 2: Options 2, 3, and 4 share the issue with the logged measurements as in these options a lot of ping-pong may happen, UE measurement collection can go in wastage, and the logging is focused on from which RAT and frequency the configuration is received. While option 2 and option 3 also suffer the additional issue as the areaconfiguration is RAT-specific. Option 4 tries to address this, however, in an inter-system areaconfiguration design for logged measurement configuration, one RAT cannot be aware of the requirement of other RAT.

Considering the drawback in options 2, 3, and 4, we propose to adopt the solution as option 1, where  LTE and NR logged MDT configurations are independent, and UE performs logging based on the logged MDT configuration of the same RAT its camps.

Proposal 2: UE can be configured with two logged measurement configurations, one over LTE and another over NR. LTE and NR logged MDT configurations are independent, and UE performs logging based on the logged MDT configuration of the same RAT its camps.
 
As of the Rel-16 logged measurement procedure, a UE can be configured with a single logged measurement configuration. Furthermore, when a new loggedMeasurementConfiguration is received then the old configuration is overwritten if received over the same RAT and released if the new configuration is received over a different RAT. This is a limiting factor for logged measurement continuity. Thus, to support the logged measurement continuity using this option, the logged measurement configuration should not be released if received over a different RAT.  
[bookmark: _Hlk67940228]Proposal 3:  To support the UE configurability with up to two different logged measurement configuration, we have the following: 
1. Introduce a UE capability to indicate that UE can be configured with two logged measurement configurations, one over LTE and another over NR in the MR-DC capability container.
2. The old loggedMeasurementConfiguration is not released if the new loggedMeasurementConfiguration is received from another RAT. 

2.3 Further logged measurements enhancements

In rel-16 [5], NR logged measurements considers the following:

· Periodic measurement logging: UE logs periodic measurements when camped normally on the NR cell 
· EventTriggered measurement with event set as OutofService:
· UE logs the measurement when in anyCellSelection state, i.e. UE did not reselect to cell (NR or LTE)
· UE goes to the anyCellSelection only when it cannot camp to any NR or LTE cell
· Perform logging immediately after going to camp normally state
· EventTriggered measurement with event set as eventL1:
· EventL1 is defined as the event when the camped cell radio quality goes below the threshold
· UE logs periodic measurements when camped normally on the NR cell

In the case of eventTriggered measurements as OutofService, UE logs the measurements when it cannot find any suitable cell to camp on, i.e. this event is triggered only when no suitable LTE and NR cell is available in the UE coverage area. Therefore, this solution is not effective in detecting NR-specific or LTE-specific coverage holes. Similarly, current eventTriggered measurement OutofService cannot address the issue of frequency-specific coverage hole, where suitable cells operating on a given frequency or a list of frequencies may not be present.  

Observation 3: Current eventTriggered measurement OutofService cannot address the issue of RAT-specific and frequency-specific coverage holes, as this is triggered only when UE cannot find any suitable cell to camp irrespective of the RAT. Similarly, current eventTriggered measurement OutofService cannot address the issue of frequency-specific coverage hole, where suitable cells operating on a given frequency or a list of frequencies may not be present. 

Therefore, we want to introduce event-based measurement logging to detect RAT and frequency-specific coverage holes. 

Proposal 4: Introduce mechanisms to detect the RAT-specific and frequency-specific coverage hole.  

Proposal 5: Introduce eventTriggered measurements to detect RAT-specific coverage holes when UE cannot find a suitable cell to camp on a given RAT.

Proposal 6: Introduce eventTriggered measurements to detect frequency-specific coverage holes when UE cannot find a suitable cell operating on a given frequency or a list of frequencies. 
3. Conclusion 
Observation 1: Idle mode measurements may not always have significance for logged measurement purposes. Therefore, based on the requirements, using the flag, the network can activate or deactivate the logging of idle mode frequencies measurements. 
Proposal 1: In the logged measurement configuration, use a flag to indicate whether an early measurement configuration has relevance for logged measurement.

Observation 2: Options 2, 3, and 4 share the issue with the logged measurements as in these options a lot of ping-pong may happen, UE measurement collection can go in wastage, and the logging is focused on from which RAT and frequency the configuration is received. While option 2 and option 3 also suffer the additional issue as the areaconfiguration is RAT-specific. Option 4 tries to address this, however, in an inter-system areaconfiguration design for logged measurement configuration, one RAT cannot be aware of the requirement of other RAT.

Proposal 2: UE can be configured with two logged measurement configurations, one over LTE and another over NR. LTE and NR logged MDT configurations are independent, and UE performs logging based on the logged MDT configuration of the same RAT its camps.

Proposal 3:  To support the UE configurability with up to two different logged measurement configurations, we have the following: 
1. Introduce a UE capability to indicate that UE can be configured with two logged measurement configurations, one over LTE and another over NR in the MR-DC capability container.
2. The old loggedMeasurementConfiguration is not released if the new loggedMeasurementConfiguration is received from another RAT. 

Observation 3: Current eventTriggered measurement OutofService cannot address the issue of RAT-specific and frequency-specific coverage holes, as this is triggered only when UE cannot find any suitable cell to camp irrespective of the RAT. Similarly, current eventTriggered measurement OutofService cannot address the issue of frequency-specific coverage hole, where suitable cells operating on a given frequency or a list of frequencies may not be present. 

Proposal 4: Introduce mechanisms to detect the RAT-specific and frequency-specific coverage hole.  

Proposal 5: Introduce event-triggered measurements to detect RAT-specific coverage holes when UE cannot find a suitable cell to camp on a given RAT.

Proposal 6: Introduce event-triggered measurements to detect frequency-specific coverage holes when UE cannot find a suitable cell operating on a given frequency or a list of frequencies. 
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