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[bookmark: _Ref462817227]Introduction
 During previous RAN2 meetings, progress regarding logged MDT, early measurement in logged MDT report and aspects of on-Demand SI were achieved. In this contribution, we further discuss them. 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.

[image: ]Early measurement reports related to a certain carrier are sent to network only if it is above qualityThreshold as configured by the network. [bookmark: _Ref71278539][bookmark: _Ref71278533]Figure 1: Early Measurement reporting

An example scenario is shown in Figure 1, where three cells are assumed to be configures in validityCellList for a given frequency f1. Furthermore, qualityThreshold is configured to filter cells for reporting. For early measurement report, upon coming to RRC_Connected state while T331 is running, UE would report only Cell C towards network. However, UE is expected measure Cells A, B, C for the entire measIdleDuration. Also, since Cell C quality goes above qualityThreshold at a really late time, if it is only logged after crossing the threshold, the number of samples in logged MDT would not be useful to the network. Hence, for logged MDT, it is beneficial to OAM that all values are logged, irrespective of the qualityThreshold criterion.
[bookmark: _Toc79072929]Measurement values related to Early measurement carriers are incorporated into logged MDT report irrespective of the qualityThreshold criterion configured in the early measurement configuration.
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: _Toc79072917]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: _Toc79072930]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).
On demand SI related
Signalling of on-demand SI report
In 3GPP RAN WG2 meeting #114, companies converged to the following agreements, concerning the content of the SI request report:
Agreements:
For the content for on demand SI:
· Include information to differentiate between Msg1-based or Msg3-based on-demand SI request. How to convey the information is FFS.
· UE records intended SIBs for failed on-Demand SI request. FFS the successful case.






And as part of the email discussion in 3GPP meeting #114, different solutions for signaling on demand SI request related information have been discussed. 

Option 1: 
	Extend Logged MDT
Option 2: 
	Extend RA report
Option 3: 
	Extend RA report to include successful on-demand SI related information
	Extend CEF report to include failed on-demand SI related information
Option 4:
	Extend RA report to include successful on-demand SI related information
	Introduce a new report to include failed on-demand SI related information







In the following we discuss the above proposed signaling solutions as well as the content of the report.
Option 1:
The Option 1 suggests extending logged MDT report to include the SI request procedure related information. In our understanding this approach has the following constraints.
· MDT is a user consent-based procedure i.e., only those UEs whose user have provided that user consent is part of the MDT procedure. 
· MDT is an explicit configuration-based procedure wherein the UE logs the MDT related measurements only if it was configured with MDT related configuration.
If we include on demand SI as part of logged MDT, then this reporting is subjected to user consent and becomes part of the explicit configuration-based reporting approach. This accordingly limits data collection for the SI request procedure which is not acceptable.
[bookmark: _Toc79072918]logged MDT is a configuration-based procedure that also requires user consent. Such constraints limits data collection for SI request procedure, that is not optimal way of data collection for SON features.
Option 2:
On the other side in Option 2 it has been proposed to extend RA report while RA report is only collected for successful RACH procedure and not for the failure cases. Hence it may not be a suitable solution for logging SI request related information as it may require changing the current behavior of RA report collection procedure. In addition, SI request related information may be included a small set of RA reports, however for postprocessing of SI request related information all RA reports may be loaded and parsed to extract the SI request information that will be a cumbersome task.
[bookmark: _Toc79072919]RA report is only logged for successful RACH procedure and does not cover failed procedures and hence limiting the data collection for SI request related information.
Option 3: 
Given the limitation of the RA report in collecting the failed SI request related information, it has been proposed in Option 3 to use CEF report for logging the failed SI request related information, while RA report is used for successful SI request related information. 
However, in our view, SI request related information is significantly different from connection establishment procedure and adding SI request related information in the CEF report breaches modular design principle of the solutions. Same argument is to some extent valid for extending RA report to collect SI request related information.
In addition, in the CEF report there are some IEs that are mandatory to report that cannot be collected for SI request related information e.g., numberOfConnFail-r16 that starts from 1. 
[bookmark: _Toc79072920]Using CEF report for logging failed SI request procedure would breaches the modular design principle as SI request procedure is significantly different from connection establishment procedure. In addition, IEs like numberOfConnFail (starts from 1) may not be meaningful in case of sending CEF report for the purpose of SI request related information.
Option 4:
The above reasoning may have been a basis for Option 4 i.e., a new report to include the failed SI request related information. However, this again leads to two separate report i.e., one for the failed SI request and one for successful SI request which requires separate signaling that is not desired behavior for a SI request related information collection. 
[bookmark: _Toc79072921]Using two different reports (e.g., RACH report for successful SI request and a new report for failed SI request) for data collection of a single procedure is not a desired behavior.
Hence, we think by extending Option 4 a new report can be used for both successful and failed SI request procedure. A new report under UE Information Request/Response procedure, inherits some of the required fields from RA report and additional information about SI request procedure can be added to it. This solution follows modularity principle and is future proof if for example operators are interested in connected mode SI request related information. 
[bookmark: _Toc79072931]RAN2 defines a separate and dedicated report for on demand SI request procedure data collection.

Contents of the SI request report
We think some information for SI request can be inherited from RA report. We suggest considering the following IEs for RA report as baseline for the SI request report.
· Cell ID
· perRAInfoList
In addition, in the previous meeting it has been agreed to include the following information in the report.
· Intended/wanted SIBs
· SI request type (MSG1 or MSG3 based)
Beside the information agreed in the previous meeting, some additional information may be logged and used by the network to take counter action to resolve potential issues revealed by the provided information. For the case of a failed SI request, a failure may happen at MAC layer (namely at RA procedure) or it may happen at the phase of acquiring the SI message. This is shown by the following excerpt from the TS 38.321. Hence it is important for the network to know if the RA procedure failed, or the acquiring of the SI messages failed.


2>	if the Random Access Response reception is considered successful:
3>	if the Random Access Response includes a MAC subPDU with RAPID only:
4>	consider this Random Access procedure successfully completed;
4>	indicate the reception of an acknowledgement for SI request to upper layers.




[bookmark: _Toc79072922]On demand SI request may fail at RA procedure or at SI message acquiring phase. Each failure may require different set of counteractions from network side to resolve.
[bookmark: _Toc79072932]UE shall log the failure type (failure at RA procedure or failure at acquiring SI messages) associated to a failed SI request. 
In addition, in FR2 where in a cell comprises up to 64 beams, a network node may decide to limit the number of beams used to broadcast the SI messages. In this case it is not only necessary to know which beams are used by the UE to send the preamble for SI messages but also the beams used by the UE to receive the SI messages in downlink that can be different from the beams used by the UE to send preamble for SI request. The first one (i.e., beams used to send preamble for SI request) is deducible by the perRAInfoList. However, UE may need to log which beams it used to decode the requested SIBs. This information is useful also for the failed SI request so network realize if it broadcasted the beams on wrong beams. 
[bookmark: _Toc79072933]UE shall log the information of the beams used to acquire the requested SI messages for successful and failed SI request procedures. 
A UE may request multiple SI messages consecutively in certain period of time with a certain pattern. Knowing this information at network side would assist the network to change some notBroadcasting SIBs to the Broadcasting SIBs e.g., if SIB9 is requested after SIB8 according to the detected pattern, network broadcasts SIB9 beside SIB8 once it receives a request for SIB8. This accordingly improves user experience in terms of latency required for acquiring SI messages for certain applications in addition to UE energy consumption as well as reducing the RACH load.  
[bookmark: _Toc79072934]UE shall log the time between consecutive SI requests. 
Another useful information is the location information in particular for cases of failure SI request that can assist the network to figure out the problematic part of the coverage and take counter actions such as changing the active antenna system configuration to diminish such failures.
[bookmark: _Toc79072935]UE shall log the location information at the time of performing the SI request.

Override avoidance for signalling based logged MDT by management based logged MDT
In RAN3#113bis-e meeting, the following agreements related to override avoidance were made
Agreements:

4	UE provides assistance by which network can avoid overwriting of an MDT configuration.
5	Introduce the logged MDT type (i.e. the management based MDT or the signalling based MDT) in the logged MDT configuration.

Furthermore, In RAN2#114-e meeting, the following agreements were made
Agreements:
1	In order to avoid overwriting of signalling-based logged MDT, UE-assisted and network-based solution, which relying on network implementation through UE providing assistance, is introduced.

The agreement is based on the concept where UE aids network by including a flag indicating availability of signalling based logged MDT configuration as part of RRCSetupComplete, RRCResumeComplete, RRCReconfigurationComplete, RRCReestablishmentComplete and UEInformationResponse messages as a separate IE. Network then keeps track of the indicator and prevent overwriting. However, there are some issues associated to this solution.
1) Signalling overhead of UE indication associated to signalling based MDT availability
2) The inter-RAT and/or inter-PLMN scenario
3) The lack of indication when the T330 expires at the UE.

Signalling overhead of UE indication associated to signalling based MDT availability
In the current RRC specification, the UE indicates the availability of different UE stored reports like logged MDT report, RLF report, MHI etc. This indication is included in RRCSetupComplete, RRCResumeComplete, RRCReconfigurationComplete, RRCReestablishmentComplete and UEInformationResponse messages. However, not all of these messages are used to indicate the availability of each of the UE stored report. For example, MHI availability and mobility state information is included only in the RRCSetupComplete and the RRCResumeComplete messages. This is the same in LTE as well.
[bookmark: _Toc79072923]MHI availability and mobility state information is included only in RRCSetupComplete/ RRCConnectionSetupComplete and the RRCResumeComplete/ RRCConnectionResumeComplete messages but not in RRCReconfigurationComplete/RRCConnectionReconfigurationComplete, RRCReestablishmentComplete/RRCConnectionReestablishmentComplete and UEInformationResponse messages.
This keeps the overhead of this signalling to minimal. The same can be applied to the signalling based MDT availability. Upon indicating this information to the network once, the UE does not need to repeat this information at the transmission of every RRCReconfigurationComplete message. This avoids the unnecessary overhead.
[bookmark: _Toc79072936]The signaling based MDT availability flag is included only in RRCSetupComplete/ RRCConnectionSetupComplete and the RRCResumeComplete/ RRCConnectionResumeComplete messages.

Inter-RAT and inter-PLMN scenario related issues
As per the current specifications, a UE can be configured with at most one logged MDT configuration. So, a UE that is configured with a LTE logged MDT configuration cannot have another NR logged MDT configuration.   
[bookmark: _Toc79072924]A UE can be configured with either an LTE logged MDT configuration or NR logged MDT configuration but not both.
Under this scenario, if a UE is configured with an LTE signalling based logged MDT configuration and if the UE has logged MDT results available, and if this UE enters an NR cell then as per current specifications the UE does not include any indication about the availability of the logged MDT results. 
[bookmark: _Toc79072925]A UE that has LTE related logged MDT configuration and report contents does not indicate the availability of logged MDT report contents to an NR cell.
This is fine for the report contents. However, the signalling based logged MDT configuration related indication should still be sent. Otherwise, there is a risk that the NR node configures the UE with a management based logged MDT configuration. Therefore, we propose to include the signalling based logged MDT configuration availability indication independent of the RAT type associated to the configuration.
[bookmark: _Toc79072937]The UE sends the signaling based MDT availability flag to an LTE cell even if the UE has an NR signaling based logged MDT configuration and vice-versa i.e., the UE sends the signaling based MDT availability flag to an NR cell even if the UE has an LTE signaling based logged MDT configuration.
 The same principle applies for the inter-PLMN scenario as well. A UE configured with a signalling based logged MDT and that has some logged MDT report available does not include the logged MDT availability indication to a PLMN that is not in the plmn-IdentityList.
[bookmark: _Toc79072926]A UE that has signaling based logged MDT results does not include the logged MDT availability indication to a PLMN that is not in the plmn-IdentityList.
However, it is possible that the new PLMN might configure the UE with a management based logged MDT which would end up overriding the signalling based logged MDT. This should be prevented. Therefore, we propose the following.
[bookmark: _Toc79072938]The UE sends the signaling based MDT availability flag to a cell belonging to a PLMN that is not in the plmn-IdentityList.
T330 expiry related issues
T330 timer expiry in RRC_Connected state


In this scenario, upon returning to RRC connected state, T330 timer is still running in UE. 
1) UE sends an indication regarding signaling based MDT configuration availability to network
2) T330 timer expires while UE is still in RRC connected state

However, network is not aware of T330 status in UE. It would not be able to configure the UE with new management-based configuration despite UE being available for configuration.
 
 T330 timer expiry in RRC_IDLE


In this scenario, upon returning to RRC connected state, T330 timer is expired in UE. 
1) UE sends an indication regarding signaling based MDT configuration availability to network
2) Network retrieves the logged MDT measurements.

In this scenario, to ensure that the network performs the fetching of the logged MDT report before configuring a new management based MDT configuration, it is necessary to indicate in the RRCSetupCompelte that the UE has logged MDT results and these results are related to signaling based MDT. However, network is not aware of T330 status in UE. It would not be able to configure the UE with new management-based configuration despite UE being available for configuration.

[bookmark: _Toc79072927]Network is not aware of T330 timer status in UE. It is not possible for network to avoid overwriting in UE with management based logged MDT configuration without this information.

Updating network with T330 status
To update network with T330 timer status in the UE, the following solutions can be considered.
1) Reporting remaining T330 timer in RRCSetupComplete/RRCResumeComplete messages
2) Indicating the network at the T330 timer expiration
One possible solution is to report remaining T330 timer in the RRC messages. However, 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. Furthermore, increasing the message sizes would have adverse effect on the network performance
[bookmark: _Toc79072928]Reporting remaining T330 timer in RRCSetupComplete/RRCResumeComplete messages is a large increase of a mandatory message size.
[bookmark: _Toc79072939]UE does not include remaining T330 timer in the RRCSetupComplete/RRCResumeComplete messages
One alternative solution is to inform the network regarding expiration of the T330 timer. Upon getting the indication, network may try to fetch any additional logged measurement reports and can configure the UE with a possibly new management-based MDT configuration. 



 
As shown in the figure, UE comes to RRC Connected with T330 timer still running, the following steps take place
1) UE sends an indication regarding signaling based MDT configuration availability and report availability to network
2) Network retrieves the logged MDT measurements.
3) T330 timer expires while UE is in RRC connected state
4) UE reports T330 expiry information to network using UEAssitanceInformation message.

Network can configure the UE with new management based MDT configuration

T330 timer Expires while UE is in RRC IDLE


As shown in the figure, UE comes to RRC Connected with T330 timer expired, the following steps take place
1) UE sends an indication regarding signalling-based MDT configuration availability and report availability to network.
2) UE reports T330 expiry information to network using UEAssitanceInformation message.
3) Network retrieves the logged MDT measurements.
Network can configure the UE with new management based MDT configuration 
[bookmark: _Toc79072940]UE informs network regarding T330 timer expiry  via UEAssistanceInformation message 

[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 2	logged MDT is a configuration-based procedure that also requires user consent. Such constraints limits data collection for SI request procedure, that is not optimal way of data collection for SON features.
Observation 3	RA report is only logged for successful RACH procedure and does not cover failed procedures and hence limiting the data collection for SI request related information.
Observation 4	Using CEF report for logging failed SI request procedure would breaches the modular design principle as SI request procedure is significantly different from connection establishment procedure. In addition, IEs like numberOfConnFail (starts from 1) may not be meaningful in case of sending CEF report for the purpose of SI request related information.
Observation 5	Using two different reports (e.g., RACH report for successful SI request and a new report for failed SI request) for data collection of a single procedure is not a desired behavior.
Observation 6	On demand SI request may fail at RA procedure or at SI message acquiring phase. Each failure may require different set of counteractions from network side to resolve.
Observation 7	MHI availability and mobility state information is included only in RRCSetupComplete/ RRCConnectionSetupComplete and the RRCResumeComplete/ RRCConnectionResumeComplete messages but not in RRCReconfigurationComplete/RRCConnectionReconfigurationComplete, RRCReestablishmentComplete/RRCConnectionReestablishmentComplete and UEInformationResponse messages.
Observation 8	A UE can be configured with either an LTE logged MDT configuration or NR logged MDT configuration but not both.
Observation 9	A UE that has LTE related logged MDT configuration and report contents does not indicate the availability of logged MDT report contents to an NR cell.
Observation 10	A UE that has signaling based logged MDT results does not include the logged MDT availability indication to a PLMN that is not in the plmn-IdentityList.
Observation 11	Network is not aware of T330 timer status in UE. It is not possible for network to avoid overwriting in UE with management based logged MDT configuration without this information.
Observation 12	Reporting remaining T330 timer in RRCSetupComplete/RRCResumeComplete messages is a large increase of a mandatory message size.

In this contribution, the following proposals were captured:
Proposal 1	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 2	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 3	RAN2 defines a separate and dedicated report for on demand SI request procedure data collection.
Proposal 4	UE shall log the failure type (failure at RA procedure or failure at acquiring SI messages) associated to a failed SI request.
Proposal 5	UE shall log the information of the beams used to acquire the requested SI messages for successful and failed SI request procedures.
Proposal 6	UE shall log the time between consecutive SI requests.
Proposal 7	UE shall log the location information at the time of performing the SI request.
Proposal 8	The signaling based MDT availability flag is included only in RRCSetupComplete/ RRCConnectionSetupComplete and the RRCResumeComplete/ RRCConnectionResumeComplete messages.
Proposal 9	The UE sends the signaling based MDT availability flag to an LTE cell even if the UE has an NR signaling based logged MDT configuration and vice-versa i.e., the UE sends the signaling based MDT availability flag to an NR cell even if the UE has an LTE signaling based logged MDT configuration.
Proposal 10	The UE sends the signaling based MDT availability flag to a cell belonging to a PLMN that is not in the plmn-IdentityList.
Proposal 11	UE does not include remaining T330 timer in the RRCSetupComplete/RRCResumeComplete messages
Proposal 12	UE informs network regarding T330 timer expiry  via UEAssistanceInformation message
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