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[bookmark: _Ref462817227]Introduction
During RAN2#111-e meeting [1], the following was agreed.
	Study the support of logged and Immediate MDT in MR-DC scenario.


In RAN2#112-e meeting, the following was agreed.
=>	RAN2 to investigate logging early measurements.
=>	RAN2 to investigate MDT and On-demand SI.
=>	Other topics are still open to be pursued.



In the email discussion RAN2#113 – 854, several of the open issues related to logged MDT were discussed. In this contribution, we discuss the topics that were not controversial in the #854 email discussion. We further discuss the early measurement logging in the logged MDT reporting and some aspects of the On-Demand SI reporting. We also discuss the leftover issues related to the logged MDT measurements from Rel-16.  
[bookmark: _Ref178064866][bookmark: _Ref462918989]Discussion
[bookmark: _Ref54186135]Early measurements’ logging in logged MDT report
In RAN2#113-e meeting, the following was agreed
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 possible that some carriers are part of both cell re-selection SIBs and early measurement configuration (overlapping carriers) and some carriers are part of only cell re-selection SIBs (non-overlapping carriers). The RAN4 measurement performance requirements will be different for them.  
[bookmark: _Toc68180156]The RAN4 measurement performance requirements will be different for overlapping carriers (those carriers which are part of both cell reselection SIBs and early measurement configuration) and non-overlapping carriers (those carriers which are part of only cell reselection SIBs).
As the measurement performance for overlapping carriers is better than the non-overlapping carriers, there is a benefit for the OAM to know if the neighbor measurements included by the UE in the logged MDT report is associated to an overlapping carrier or not. Therefore, we propose to include an indication in the logged MDT report to identify whether the neighbor measurements are associated to overlapping carriers (carriers included in early measurement configuration) or non-overlapping carriers (carriers included only in reselection SIBs).
[bookmark: _Toc68180168]The neighbor cell measurements in the logged MDT includes information indicating whether the measurements are associated to overlapping carriers (carriers included in early measurement configuration) or non-overlapping carriers (carriers included only in reselection SIBs).
Furthermore, Early measurement reports related to a certain carrier are sent to network only if it is above qualityThreshold as configured by the network. However, for logged MDT, it is beneficial to OAM that all values are logged, irrespective of the qualityThreshold criterion.
[bookmark: _Toc68180169]Measurement values related to Early measurement carriers are incorporated into logged MDT report irrespective of the qualityThreshold criterion configured in the early measurement configuration.
On demand SI related
In RAN2#113-e meeting, the following were agreed.
=>	UE records the on demand SI related information for following scenarios: 
	=>	Failed on-demand SI request
	=>	Successful on-demand SI request
=>	One specific raPurpose is introduced for MSG3 based on demand SI request




Furthermore, the email #854 contains some further discussion on the topics where need for further company based contributions were concluded for some proposals. In this section, we describe our view on them.
One proposal for which consensus was not reached was regarding on-Demand SI information reporting to network. If we consider creating a new IE to report On-demand SI information, information related to successful and failed SI requests containing SSB information e.g. ssb index, number of preamble information needs to be part of the report. However, these are already available as part of RACH report, hence duplicating them for another report is not necessary. Furthermore, for MSG1 based on demand SI request, requestForOtherSI is included in the RACH report and new raPurpose for MSG3 based request was agreed to be included in the report also.
1. [bookmark: _Toc68180157]Most components of the information to be logged for on-demand SI report is available in RACH report for RACH purposes (in which cell did the UE perform SI request, how many RA attempts were made by the UE etc.).
Since in email discussion #854 most companies agree that UE would log the SIBs it intended to request, network can derive information regarding the time between UE wanting the SIBs and receiving them from number of RACH attempts and number of successive RA procedures to obtain the SIBs.
1. [bookmark: _Toc68180158]Logging on-demand SI information in RACH report allows the network to gather more insights without additional overhead.
Further, if we introduce a different report for SI requests, then upon performing the RA procedure for SI request, the UE needs to store the RA report as well as the new SI report wherein some or most of the information might be repeated. Therefore, we propose to extend the RA report to include any additional SI related information. Such extension can be made simply by introducing conditional presence fields wherein the condition would be that the raPurpose is either msg1 based SI request or msg3 based SI request. 
[bookmark: _Toc68180170]RA report is extended to include SIBs that were intended to be requested by the UE.
One additional requirement would be to consider the scenario where UE requests for on-demand SI fails. RACH report is not intended to capture failed SIB requests, but one could instead use CEF report to include that information. CEF report also contains the information related to RA information and thus for failed SI requests one can easily reuse the CEF report.
[bookmark: _Toc68180171]CEF report is used to log information regarding failed on-demand SIB requests.

Logged MDT in MR-DC
Limitations associated to logged MDT configuration in Rel-16
Many companies during RAN2#111-e meeting expressed the need to be able to configure the UE with a logged MDT configuration from the SN. Before going into this solution domain, we would like to understand the problem that these solutions are planning to solve.
In our understanding, an RRC connected state UE could be configured with EN-DC, NR-DC or NR-SA depending on which option provides the most gain in terms of meeting the UE’s QoS requirements. In the current logged MDT configuration options, only the PCell that can configure the logged MDT configuration to the UE. So, depending on which DC option is enabled to the UE, there will be different restrictions on which logged MDT configuration can be sent to the UE.
	UE’s mode of operation
	Which logged MDT configuration can be sent to the UE?

	LTE stand alone
	LTE logged MDT configuration

	EN-DC
	LTE logged MDT configuration

	NR SA
	NR logged MDT configuration

	NR-DC
	NR logged MDT configuration

	NE-DC
	NR logged MDT configuration



1. [bookmark: _Toc68180159]UE’s current PCell decides which (LTE or NR) MDT configuration can be sent to the UE.
In our understanding, this is the limitation that is expected to the removed based on the solutions discussed under logged MDT in MR-DC. As the UE’s configured mode of operation (LTE SA, NR SA, EN-DC, NR-DC etc.) are dependent on the UE’s current connected mode requirements, it is reasonable to assume that the network should have the flexibility to transfer LTE or NR related MDT configuration when the UE is in any of these configurations.
[bookmark: _Toc68180172]RAN2 to discuss solutions that enable the network to configure the UE with LTE and/or NR logged MDT configuration independent of UE’s connected mode of operation at a given point in time i.e., independent of whether the UE is in LTE SA, NR SA, NR-DC, EN-DC.

Logged MDT configuration enhancements
There are different ways in which the above-mentioned limitations can be overcome. We have listed some of those possibilities below.
1) Enhanced areaConfiguration: 
The MDT area configuration is enhanced to include more than one RAT related configuration i.e., the cell list could be a combination of LTE cell identifiers and NR cell identifiers. 
· This option is a simple enhancement to the existing specification as one could include an areaConfigList (one for LTE related areaConfig and the other for NR related areaConfig) instead of areaConfig as done currently. 
· The UE will keep on performing logging of measurements in Idle/Inactive state as long as the current camping cell (LTE or NR) is configured in the areaConfigList. 
· Further, this option completely removes the limitation as we have highlighted in the section 2.1. 
2) Dual logged MDT configuration when UE is in DC operation: 
Allow the possibility to have more than one logged MDT configurations to be sent from the UE wherein each of the MDT configuration belongs to different RAT. 
· From the UE perspective, the UE stores two MDT configurations of which only one of them is active at any given point in time. However, the timer T331 will be running on both the MDT configurations. 
· Further, we think that this solution does not completely resolve the problems as explained in section 2.1. For example, consider the scenario of a UE in LTE SA. As this UE is currently not in dual connectivity involving other RAT, this UE cannot be configured with NR related logged MDT configuration. 
Based on the above, we have a slight preference towards the enhancement of areaConfiguration to resolve the limitations captured in section 2.1. However, as this is still in the initial phases of discussion we think that RAN2 should discuss both of these solutions carefully and evaluate the complexities associated to both these solutions before agreeing on which solution is to be adopted to resolve the limitations as captured in section 2.1.   
[bookmark: _Toc68180173]RAN2 to discuss the following solutions to resolve the limitations of logged MDT configurations and select one of them in the next RAN2 meeting (RAN2#113bis).
a. [bookmark: _Toc68180174]Enhanced areaConfiguration wherein a list of areaConfig could be provided to the UE
b. [bookmark: _Toc68180175]Dual logged MDT configuration possibility wherein MN and SN can send independent MDT configuration to the UE
c. [bookmark: _Toc68180176]Follow the baseline solution, i.e. no DC scenario allowed for logged MDT reports
We propose that the selection amongst these options should be done based on the contributions to RAN2#113bis meeting. Our preference is to either have solution-a or no solution at all i.e., solution-c.

Override avoidance for signalling based logged MDT by management based logged MDT
In RAN3#110-e meeting, RAN3 has sent an LS [2] to RAN2 discussing solutions regarding RAN2 decision that “Management based MDT configuration should not overwrite signalling based MDT configuration”. In the LS, RAN3 has analysed both network-based and UE based solutions and is considering network-based solution to be complex. 
Email discussion 854 has progressed on this issue and most companies agree that UE based solution is to be adopted. Furthermore, most companies are of the view that UE needs to be configured with logged MDT type indication to aid network in avoiding overwriting.
[bookmark: _Toc68180160]In email discussion 854, most companies agree that UE needs to be configured a logged MDT type flag to aid network to avoid overwriting signalling based MDT configuration with management based MDT.
However, companies expressed a varied view on which scenarios this overwriting needs to be prevented. In our view, signalling-based MDT reports are more important for network than management-based MDT report.
This requirement comes from the fact that Management Based MDT is a process that can rely on selection of ANY UE, while Signalling based MDT is a process that requests MDT measurement collection from a SPECIFIC UE. It is worth noticing that Signalling Based MDT may be triggered for law enforcement reasons. Therefore, while it is of paramount importance that a signalling based logged MDT configuration is not overwritten by a management-based MDT configuration, there is no obligation for management based MDT to select any specific UE.
However, logged measurement reports can be stored in UE up to 48 hours upon expiration of T330 timer. If network configures new logged MDT configuration before retrieving the report, the previous stored report is removed by the UE. Since, UE doesn’t send any confirmation towards network after T330 timer is expired, network is not aware if UE has completed measurement. To avoid data loss, it is important that management-based MDT is not configured until UE has finished signalling based MDT report logging and network has fetched the report.
A possible way is to prevent data loss is to store the flag information in UE until the report is fetched by the network or till 48 hours of T330 expiry.
[bookmark: _Toc58491428][bookmark: _Toc68180177]UE needs to store the flag information until logged MDT report are collected by the network or till 48 hours after T330 expiry.
UE can save it as part of the VarLogMeasReport to ensure such.
-- ASN1START
-- TAG-VARLOGMEAREPORT-START

VarLogMeasReport-r16 ::=     SEQUENCE {
    absoluteTimeInfo-r16        AbsoluteTimeInfo-r16,
    traceReference-r16           TraceReference-r16,
    traceRecordingSessionRef-r16 OCTET STRING (SIZE (2)),
    tce-Id-r16                   OCTET STRING (SIZE (1)),
    logMeasInfoList-r16          LogMeasInfoList-r16,
    plmn-IdentityList-r16        PLMN-IdentityList2-r16,
	signallingBasedConfig		 ENUMERATED {true}                                OPTIONAL
}

-- TAG-VARLOGMEAREPORT-STOP
-- ASN1STOP

There are several solutions that can be looked at which can prevent the overwriting of the signaling based MDT configuration/report with the management-based MDT. However, most companies are of view that UE only aids network in avoiding the overwriting, it does not send an explicit reject message. 
In NR, UE needs to include the indicator as part of RRCSetupComplete, RRCResumeComplete, RRCReconfigurationComplete, RRCReestablishmentComplete and UEInformationResponse messages as a separate IE. It becomes RANs responsibility to keep track of the indicator and prevent overwriting. Since these messages are fundamental to radio system, a change in these would require a lot of changes in the legacy systems (UE and network) which might not even implement MDT solutions.
[bookmark: _Toc61266268][bookmark: _Toc68180161]UE informing RAN regarding the flag at every RRC change completion instance is a large overhead on both the UE side and the network side.
Furthermore, using this approach, overwriting of signalling based MDT configuration is not avoided in the below scenario:
· UE is configured with Signalling based MDT and T330 is running
· UE collects some logs and becomes RRC_CONNECTED
· UE informs RAN regarding availability of logged MDT measurement along with the type flag in RRCSetupComplete message.
· RAN collects the report
Now, in principle, RAN can configure this UE with management-based MDT, since it has already collected entire signalling-based MDT report and unaware of the fact that T330 is still running in UE. Thus, RAN inadvertently overwrites the running signalling-based MDT configuration. 
[image: ]
[bookmark: _Toc61266269][bookmark: _Toc68180162]UE informing RAN regarding the flag at every RRC change completion instance does not avoid overwriting signalling-based MDT configuration with management-based MDT configuration as fetching the signaling based MDT report does not mean that the T330 has already expired.
However, this scenario can be avoided if UE’s include remaining T330 timer in addition to sending MDT type indication towards network. If UE sends such information, network can keep track of the T330 timer and avoid sending management-based MDT configuration before fetching the report from UE.
However, the overhead of including this information in every RRCxxComplete message cannot be overlooked i.e., if the UE has a signaling based configuration, then the UE sends this indicator and some additional information about this MDT configuration to the CU via RRCxxComplete messages. Over the lifetime of this signaling based logged MDT configuration, the UE might send many RRCxxComplete messages and thus the accumulated overhead of these bits in the RRCxxComplete is very high.
[bookmark: _Toc68180163]Over the lifetime of this signaling based logged MDT configuration, the UE might send many RRCxxComplete messages and thus the accumulated overhead of these bits in the RRCxxComplete is very high.
Based on the above reasoning, we believe the solution of increasing the size of RRCxxComplete messages should be avoided. This can be achieved using a new RRC message, loggedMDTReject to avoid the overhead of increasing the size of RRCxxComplete messages but still ensuring that the UE does not override the signaling based logged MDT configuration with management based logged MDT configuration.


[bookmark: _Ref61266015]Figure 1: Signalling diagram if UE rejects configuration
In this solution, RAN configures UE with management-based MDT as per current procedure. If UE is configured with signalling-based MDT, it sends a reject message towards RAN informing about the configuration and ignores the management-based MDT configuration. Absence of such reject message implicitly indicates UE acceptance of MDT configuration.
[bookmark: _Toc61532836][bookmark: _Toc68180178]A UE configured with signalling-based MDT sends an explicit reject message to RAN if it receives a management-based MDT configuration.
Several scenarios can arise considering current decision that UE can be configured with only one logged MDT configuration. Below list explains UE behaviour in each of these scenarios:
1) UE is configured with management-based MDT and is being configured with new management-based MDT configuration.
a. UE doesn’t send a reject message, replaces existing configuration and associated logs.
2) UE is configured with management-based MDT and is being configured with new signalling-based MDT configuration
a. UE doesn’t send a reject message, replaces existing configuration and associated logs.
3) UE is configured with signalling-based MDT and is being configured with new signalling-based MDT configuration
a. UE doesn’t send a reject message, replaces existing configuration and associated logs.
4) UE is configured with signalling-based MDT and is being configured with new management-based MDT configuration
a. UE sends a reject message and continues logging information according to the signalling-based MDT configuration.
An example of such IE is given below.
LoggedMDTReject message
-- ASN1START
-- TAG-LOGGEDMDTREJECT-START

LoggedMDTReject::=		SEQUENCE {
	signallingMDTConfigActive	ENUMERATED {true,false},
	...
}

-- TAG- LOGGEDMDTREJECT -STOP
-- ASN1STOP

	LoggedMDTReject  field descriptions

	signallingMDTConfigActive
Indicates if UE has T330 timer active, false indicates that UE has signaling based MDT measurement report available



As this message is sent only when a new management based logged MDT configuration is received by the UE, there is no overhead on the existing RRCxxComplete messages. Thus any valuable information to further aid the network about the current status of T330 can be included in such a reject message.
[bookmark: _Toc68180164]As the loggedMDTReject message is sent only when a new management based logged MDT configuration is received by the UE, there is no overhead on the existing RRCxxComplete messages.
[bookmark: _Toc68180179]Status of T330 timer can be inclued in the loggedMDTReject message.

Leftover issues from Rel-16
Neighbour frequency coverage hole indication in logged MDT
Consider the deployment shown in Figure 2 which also shows a UE performing the logged MDT at different time instances (T1 to T7). The deployment consists of two frequencies F1 and F2. The UE is currently camping on F1. 
F1
F2
F2
T1
T2
T3
T4
F1
T5
T6
T7

[bookmark: _Ref29992064]Figure 2 : Example deployment scenario and a UE performing logged MDT
Consider that the UE is configured with same reselection priorities for both F1 and F2. In such a scenario, the UE performs serving cell measurements on F1 and it shall also perform neighbor cell measurements on both F1 and F2 all the time (assume that s-NonIntraSearchP or s-IntraSearchP are not configured). In such a scenario, the UE shall include the following measurements at each of the time samples (T1 to T7).

	Time sample
	Camped cell measurements
	F1 Neighbor cells’ measurements
	F2 Neighbor cells’ measurements

	T1
	Yes
	Yes
	Yes

	T2
	Yes
	Yes
	Yes

	T3
	Yes
	Yes
	No

	T4
	Yes
	Yes
	No

	T5
	Yes
	Yes
	No

	T6
	Yes
	Yes
	Yes

	T7
	Yes
	Yes
	Yes


 
The key observation to be made is at time instances T3, T4 and T5 wherein the UE has not included the F2 related measurements as part of neighbor cell measurements in the logged MDT report. The OAM cannot directly interpret that there is no coverage from F2 at the locations associated to T3, T4 and T5 as the UE might have been configured with a cell reselection priority which did not mandate the UE to perform measurements on F2. 
1. [bookmark: _Toc47536273][bookmark: _Toc68180165]Lack of neighbor frequency measurements on a particular frequency in the logged MDT do not imply that there is no coverage in that frequency as the UE might not be performing measurements on that frequency as the UE might have been configured with a cell reselection priority which did not mandate the UE to perform measurements on that frequency.
Therefore, if the UE performs measurements on a frequency, as per the reselection related frequency priority configuration, and the UE does not detect any SSBs on that frequency then the UE can include an indicator in the neighbor cell related measurements’ of logged MDT that there is no coverage from that frequency at that location. This will be beneficial for the operators to identify the coverage holes in different frequencies using the logged MDT report. 
[bookmark: _Toc47536310][bookmark: _Toc68180180]Include an indicator in the logged MDT report to indicate the neighbor frequencies on which the UE has performed measurements but has not detected any coverage.

Beam measurement configuration
When the UE is configured with logged MDT, the UE performs the logging of RRM measurements as per the loggingInterval configured in the logged MDT configuration. Each logged MDT sample includes, amongst other things, the serving cell and beam level measurements associated to the serving cell (best beam index, best beam RSRP and RSRQ and number of good beams of serving cell). In many low frequency NR deployments, where most of the UEs are camped in idle/inactive state, the network might have single SSBs being transmitted, just like LTE. 
1. [bookmark: _Toc47536274][bookmark: _Toc68180166]In low frequency NR deployments, where most of the UEs are camped in idle/inactive state, the network might have single SSBs being transmitted, just like LTE.
In such a scenario, the cell level measurement would be same as the beam level measurement. However, each of the logged MDT report sample would have measurements associated to cell as well as beam level measurements of serving cell. 
1. [bookmark: _Toc47536275][bookmark: _Toc68180167]Including both cell level and beam level measurements in a single SSB deployment will increase the logged MDT report size by at least 26 bits per MDT sample.
[bookmark: _Toc47536311][bookmark: _Toc68180181]Operator shall be able to control whether the UE needs to include beam level measurements in the logged MDT report or not.
[bookmark: _Toc461106288]Conclusion
[bookmark: _Toc485398802][bookmark: _Toc485417365]In this contribution, the following observations were captured:
Observation 1	The RAN4 measurement performance requirements will be different for overlapping carriers (those carriers which are part of both cell reselection SIBs and early measurement configuration) and non-overlapping carriers (those carriers which are part of only cell reselection SIBs).
Observation 1	Most components of the information to be logged for on-demand SI report is available in RACH report for RACH purposes (in which cell did the UE perform SI request, how many RA attempts were made by the UE etc.).
Observation 2	Logging on-demand SI information in RACH report allows the network to gather more insights without additional overhead.
Observation 3	UE’s current PCell decides which (LTE or NR) MDT configuration can be sent to the UE.
Observation 4	In email discussion 854, most companies agree that UE needs to be configured a logged MDT type flag to aid network to avoid overwriting signalling based MDT configuration with management based MDT.
Observation 5	UE informing RAN regarding the flag at every RRC change completion instance is a large overhead on both the UE side and the network side.
Observation 6	UE informing RAN regarding the flag at every RRC change completion instance does not avoid overwriting signalling-based MDT configuration with management-based MDT configuration as fetching the signaling based MDT report does not mean that the T330 has already expired.
Observation 7	Over the lifetime of this signaling based logged MDT configuration, the UE might send many RRCxxComplete messages and thus the accumulated overhead of these bits in the RRCxxComplete is very high.
Observation 8	As the loggedMDTReject message is sent only when a new management based logged MDT configuration is received by the UE, there is no overhead on the existing RRCxxComplete messages.
Observation 9	Lack of neighbor frequency measurements on a particular frequency in the logged MDT do not imply that there is no coverage in that frequency as the UE might not be performing measurements on that frequency as the UE might have been configured with a cell reselection priority which did not mandate the UE to perform measurements on that frequency.
Observation 10	In low frequency NR deployments, where most of the UEs are camped in idle/inactive state, the network might have single SSBs being transmitted, just like LTE.
Observation 11	Including both cell level and beam level measurements in a single SSB deployment will increase the logged MDT report size by at least 26 bits per MDT sample.

In this contribution, the following proposals were captured:
Proposal 1	The neighbor cell measurements in the logged MDT includes information indicating whether the measurements are associated to overlapping carriers (carriers included in early measurement configuration) or non-overlapping carriers (carriers included only in reselection SIBs).
Proposal 2	Measurement values related to Early measurement carriers are incorporated into logged MDT report irrespective of the qualityThreshold criterion configured in the early measurement configuration.
Proposal 3	RA report is extended to include SIBs that were intended to be requested by the UE.
Proposal 4	CEF report is used to log information regarding failed on-demand SIB requests.
Proposal 5	RAN2 to discuss solutions that enable the network to configure the UE with LTE and/or NR logged MDT configuration independent of UE’s connected mode of operation at a given point in time i.e., independent of whether the UE is in LTE SA, NR SA, NR-DC, EN-DC.
Proposal 6	RAN2 to discuss the following solutions to resolve the limitations of logged MDT configurations and select one of them in the next RAN2 meeting (RAN2#113bis).
a.	Enhanced areaConfiguration wherein a list of areaConfig could be provided to the UE
b.	Dual logged MDT configuration possibility wherein MN and SN can send independent MDT configuration to the UE
c.	Follow the baseline solution, i.e. no DC scenario allowed for logged MDT reports
Proposal 7	UE needs to store the flag information until logged MDT report are collected by the network or till 48 hours after T330 expiry.
Proposal 8	A UE configured with signalling-based MDT sends an explicit reject message to RAN if it receives a management-based MDT configuration.
Proposal 9	Status of T330 timer can be inclued in the loggedMDTReject message.
Proposal 10	Include an indicator in the logged MDT report to indicate the neighbor frequencies on which the UE has performed measurements but has not detected any coverage.
Proposal 11	Operator shall be able to control whether the UE needs to include beam level measurements in the logged MDT report or not.
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