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Discussion and decision
1. Introduction
This email discussion is intended to answer the following questions raised in RAN2#68bis meeting in Valencia. (Please note that some terminologies are aligned to those in the first stage-2 TS [1])
1. Do we support case “2)”, i.e. connected mode deferred reporting ?

2. If we support 2), can a log survive several IDLE<->CONN transitions ?

3. What cases would be build on extensions of current measurement configuration, and for which would we have a new configuration/approach

4. Can the log be reported in other cell/RAT than where configured ?

5. What are the simplest triggers for reporting (e.g. set of 2 or 3) ?
2. Proposed email discussion organization
It seems quite difficult to discuss all the 5 points all together due to some dependencies among items. It is rapporteur’s view that the question 2 to 4 are highly affected by the answer to question 1. The question 5 is relatively independent, however sensible reporting triggers can be different depending on whether deferred reporting is supported or not. 

The following basic approach is proposed for the email discussion.
1. The email discussion first focuses on the question 1 before discussing the question 2 to 4.
2. The question 5 can be discussed in parallel with hypothetical assumption that both immediate and deferred reporting are supported. Applicability of proposed triggers is separately discussed for immediate reporting and deferred reporting.
3. Discussion
3.1. Support for connected mode deferred reporting
Use cases of deferred reporting in connected mode should be identified. Then it should be evaluated if the identified use cases justify the introduction of  deferred reporting (complexity aspect can be considered from the view point that this is a new mechanism in connected mode and on the other hand it will be anyway supported in idle mode). Clarification on the definitions of immediate reporting and deferred reporting could be beneficial.

[Discussion /Comments]

[Qualcomm] It is our understanding that operator deployment cannot guarantee that all the RAN nodes in operator’s network supports MDT. One example of such deployment is that the operator upgrades only E-UTRA for support for MDT while keeping UTRAN implementation unchanged. It is unfortunate if MDT measurement collection has to stopped every time the UE is served by a RAN node not supporting MDT. Logging in connected mode allows the MDT measurement collection to be continuous even with a spotty installation of release-10 eNBs / RNCs in the network, and allows collection of metrics in areas of RAN nodes that do not support MDT.
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We would like to ask operators’ opinion. We think connected  mode logging is an attractive solution to address this issue.
[LGE] Deferred MDT reporting in connected mode is useful in some cases, e.g. when there is urgent data service such as MO/MT call, the UE should delay transmitting MDT report and keep measure.
[Vodafone] We agree it is important to first clarify the definitions of immediate reporting and deferred reporting as suggested.  These are proposed definitions:
Immediate Reporting

UE requests resources from the network to send a measurement report as soon as an event is triggered for which a measurement report should be sent.

Deferred reporting
UE may delay request to network for resources to send a measurement report even though an event is triggered for which a measurement report should be sent and may need to store the measurements for a period of time. 
Use cases

- In Vodafone’s view, the scenario depicted by Qualcomm is a realistic scenario. It is important that MDT connected mode measurements are not lost whenever the UE performs handover to a cell (of the same or different RAT) which does not support MDT measurement reporting and also when UE enters RRC_IDLE.  For example, if handover to UTRAN is triggered whilst UE is in LTE, it might be because there is a problem with the EUTRA connected mode coverage. Hence, the information gathered by UE about the EUTRAN coverage (even though it has handed over to UTRAN) is valuable information. If logged reporting is not supported, UE will probably lose the information as it cannot send it at the time the trigger for reporting is met. With deferred reporting though, it is envisaged that UE can store the triggered measurement report until in enters coverage of a cell where reporting of such measurements is supported.  The same would also apply for the case where UE is sent to RRC_IDLE due to traffic inactivity (assuming this  overrides  the need to keep UE in connected mode to do MDT measurements).
- It is important that MDT measurement reporting does not take precedence over user data transfer.  Normally, RRC signalling takes precedence over user data transfer and since MDT measurements are reported via RRC signalling, it implies that UE would prioritise MDT data transfer over user data transfer. Deferred reporting is important to allow UE to delay transfer of MDT data when user data is in the buffer.  This is especially important in regions of high traffic density e.g. at a stadium or in cases where there is temporary congestion. 
[Qualcomm] It is our understanding that the immediate reporting is characterized by the MDT reporting trigger being equal to MDT measurement trigger. Here MDT measurement trigger means the event at which the UE takes a snapshot of radio environment that it knows of and other metrics (time stamp, location info).
[Telecom Italia] support for deferred reporting in connected mode:
· the measurements should not be stopped/lost across different network versions/implementations and RATs. (see Qualcomm/Vodafone description);
· it reduces the signalling burden in case of continuous measurements (e.g. coverage plot);

· some measurements, e.g. throughput and/or packet loss, (as discussed in the study item) need deferred reporting to be efficient;
[CATT] We thought that the connected mode deferred reporting should be supported. For some cases, the measurement is triggered but can not be reported to NW for some reason, e.g. the uplink channel quality is not very good. And in our understanding the drive-tests results need not to be reported to the NW so urgent, for our drive-tests performed by real car currently may collect the results for a long time and need no immediate reporting either.
[CMCC] We support deferred reporting in connected mode. For us, the driving testing data are normally analyzed in offline manner. Therefore, it is not necessary to send measurement report every time when a measurement event is triggered, especially when the traffic load of network is high. Furthermore, we think the scenario/use case analyzed by Qualcomm and Vodafone are reasonable and realistic, and in this case logged in connected mode is helpful.
[NEC] We also see the benefit due to connected mode: deferred reporting for some situations, e.g. one indicated by Qualcomm. In addition, we consider that the measurement in MDT solution is basically not critically affected to ongoing data transmission or reception for the UE and thus the measurement reporting can be deferred depending on e.g. measurement type. Furthermore, we share the characteristics of immediate reporting explained by Qualcomm. 

[Huawei] We have following considerations: If network nodes effect is somewhat reduced in this usage, I think the solution may become very complex. There are many things unclear: for example how does logging survive when UEs cross cells/RATs in CP solution is not clear, how does UE deal with multiple commands from different network nodes in CP solution,etc. So far there are several mechanisms under discussion (e.g. immediate reporting/idle mode logging). It's unclear on which mechanism could be applicable for which scenarios. We could see the duplications may exist among those mechanisms (e.g. the duplication between connected mode logging and existing RRM measurements is observed in UMTS). We suggest to discuss this step by step and not rush to a conclusion before we have a clear/global picture to get a better solution.
[Nokia/NSN] We generally view the immediate and deferred reporting definition likewise Vodafone proposed. With this understanding established, we think the possible use cases for deferred mode of reporting should be investigated with regard to a few following aspects.

Regarding the scenarios, whether there could be support for deferred MDT measurement will depend on the resulted requirements. So quite probably not all envisioned scenarios can be supported by MDT measurements with deferred reporting. But whenever the advantages are deemed sufficient w.r.t. the complexity increase, the extended functionality will make sense.

The identified scenario by Qualcomm represents a fairly demanding scenario for MDT: with intra-LTE, possibly also inter-RAT support, logs storage during transition between different UE’s and presumably X2 involvement. (Otherwise it’s difficult to make a use of MDT measurement results forwarded to the other cell, where coverage problem may not exist). The issues to be clarified are for example the validity time for the reporting, i.e. for how many cell changes the MDT configuration is still active, what could be the criteria when UE itself may stop the data collection and reporting, etc. The stay in cell 2 (eNB2) may also last long which calls for some mechanism at the UE to be able to stop the MDT measurements by itself to prevent unnecessary activity without possibility to report data soon enough. In the example, the eNB3 does not know for how long time the UE has already done the measurement and whether it would time to stop the reporting for that particular UE. Furthermore, the point to make clear is whether eNB2 and eNB3 would have to provide additional signalling over the air to indicate to the UE that upon entering to these cells only predefined triggers for taking measurements remain valid, whereas reporting triggers can not succeed.

Another point to be considered is the possibility to combine the reported data with the eNB measurements and information, This will be obvious for immediate reporting but with deferred reporting it may not be always the case and/or it will require separate mechanisms to provide that possibility, The means to solve that can be the time reference but that would require also related function in the network side to store relevant data using the same time reference. The deferred reports may also be forwarded to the eNB that is not linked to e.g. the coverage problem and the useful data from the affected eNB may not be obtainable. The assumed length of the delay for the reporting will have an effect for the methods and requirements. 

Regarding the measurements for coverage optimization, which is the primary objective and use case for the WI, immediate reporting could be able to provide most of the relevant data for MDT statistics especially if the data is collected from adequate number of UEs and during long enough time period. The examples above show the importance of requirement analysis when defining new extensions, i.e. we should elaborate the improvements in providing new information vs. the increased complexity.
[Ericsson/ST-Ericsson] As deferred reporting (we should find a better name for deferred; why not "logged" as used previously?) has been agreed to be supported for IDLE mode, we then see two separate functionalities for MDT. One is supporting immediate reporting reusing the existing RRC/RRM functionality and then a new functionality supporting deferred reporting, reusing existing UE-internal measurements as much as possible. The deferred reporting should be seen as add-on functionality and should not affect existing RRM measurements thus avoiding specification changes to those and any interactions that may affect traffic handling. Thus deferred reporting will have its own signalling separate from RRM measurement signalling.
[Samsung] As ruminating on the discussion in Study Item, the main reason to support MDT is that the existing measurement is not performed in idle mode. In connected mode, it is expected that the existing measurement with some modifications (e.g. to include additional location information) can take the place of most of MDT measurements introduced in TR36.805. Although a UE is served by eNB not supporting MDT, eNB is collecting the enough measurements by using the existing RRM measurement signaling in connected mode. Use cases introduced by QC an VDF are reasonable, but we should consider whether or not the MDT measurement logged in connected mode is so useful. If reporting of the modified existing measurement is enough to optimize coverage design, necessity of case of logging in connected mode would be weak. 
[Deutsche Telekom] As indicated in the previous meeting, we think that deferred reporting in connected mode is not of highest priority for us. RAN2 should only agree to find a solution for deferred reporting in connected mode if a use case is identified which does requires this and can not be modeled with immediate reporting or idle mode MDT measurements. The complexity (in terms of specification as well as UE complexity) of a solution to allow deferred reporting shall be weight against the benefits. We also agreed with Ericsson/ST-Ericsson that deferred reporting is a separate procedure to any RRM related measurement signaling.
[Orange] we see some benefits of having deferred reporting in addition to immediate reporting in connected mode. For use cases like RLF analysis, deferred reporting is something that we think it is necessary and will be of great help for network optimisation.
3.2. Continuation of MDT measurements at RRC state transition

This topic will be discussed only if the support for connected mode deferred reporting is considered to be further studied. There seems to be two separate discussion in this item.
· Should the log survive across RRC state transition?
· Should the measurements be continuous across RRC state transition?
[Discussion /Comments]
· Should the log survive across RRC state transition?
[Vodafone] The measurement logs should survice RRC state transition.[T-it] Yes, as the state transitions may be quite frequent and quick, this should not impact the reporting triggers.
[CATT] Agree with VDF.
[CMCC] Agree with VDF
[NEC] The measurement logs obtained in Connected mode should survive at RRC state transition, though a certain restriction may be necessary, e.g. the validity period. The similar situation to the figure in 3.1 can be considered for this point. If the UE becomes IDLE in the cell under eNB2, the UE cannot report the measurement logs. In this case, it would be better for the UE to keep the logs and send them to eNB3. 
[Deutsche Telekom] If we agree on connected mode deferred reporting, the log should survive state transitions. The measurement job configuration might require re-write after state transition and back to connected (details are FFS).
[Orange] We believe also that MDT measurement log should survive across RRC state transition.
· Should the measurements be continuous across RRC state transition?
[Vodafone] This depends on the type of measurements. It might be possible for some measurements. For others, UE might have to only perform the measurements whilst in connected mode. 

[T-it] Yes (for measurements that are applicable to both states). It is much simpler from the configuration point of view.
[CATT] Also agree with VDF, it should be considered case by case for different events.
[CMCC] Agree with VDF.
[Deutsche Telekom] We believe connected mode and idle mode measurements are quite different …
[Orange] Measurements should be continuous across the RRC transition whether these measurements are common for Idle mode and Connected mode. But, we need clearly to define what kind of measurements to be collected in Idle Mode and in connected mode.
3.3. Extending existing RRM measurements vs Introducing new approach 
This is quite broad question and we would need very good understanding on how whole protocol and architecture would work. It may not be so easy to draw a boundary between “extended” and “new” approaches without discussing what measurements are supported in MDT. It seems beneficial to discuss whether having two approaches is justified (if deferred reporting is agreed).

[Discussion /Comments]
[CATT] We are not sure what does “Extending existing RRM measurements” mean, to extend current mechanism or extend current events and parameters? For our analysis, the similar mechanism could be used for MDT measurement, but whole events and parameters should be newly defined, even the event “Serving Cell becomes worse than threshold” which has the same structure as the mobility measurement event A2.
[Ericsson/ST-Ericsson] For the connected mode (real time/immediate) triggers, the requirements seem to be fulfilled with current triggers/events (existing RRM measurements).
[Samsung] MDT measurement logging at idle mode would be designed based on new model and configuration. However, the existing measurement can be reused for most of MDT measurement in connected mode if the existing measurement is modified with the additional location information and so on. So we need to consider two cases separately. 
[Deutsche Telekom] We think the existing RRM measurements are sufficient. We might need to add new trigger conditions specific for MDT measurement reporting (e.g. based on location).
[T-it] RRM and MDT operate in different domains (Network and O&M), it is preferable to address MDT control in a different way. Since we anyway need to develop a new mechanism for idle mode, (as correctly stated by Ericsson/ST-Ericsson in sect 3.1). it is acceptable to start looking at the idle mode case while thinking about how this new approach can be extended to deferred reporting in connected mode.
[Orange] For the immediate reporting, we think that we can reuse the existing RRM measurement i.e. we may need some minor extensions. However, for the deferred reporting, new approach of measurement configuration should be introduced based new MDT measurement trigger (location information, etc).
3.4. Can the log be reported in other cell/RAT than where configured?
This question is largely dependent on whether deferred reporting is supported and/or the use cases of MDT measurements that are to be supported. This section is put here just as a place holder for discussion.
[Discussion /Comments]
[CATT] From air-interface we have not seen any problem or large burden if log is reported in other cell/RAT, and support to log and report between a few RATs (two RATs for example) could be considered. This issue is mostly depended on the operators’ view.
[Nokia/NSN] In our view multiRAT solution would have to be more carefully considered in terms of feasibility, as currently direct coordination between LTE and UMTS for measurements configuration is not supported. Moreover, RAT specific measurements are collected in the context of each RAT’s access stratum and the new mechanism would have to be worked out. Thus, we think that for this initial MDT phase, the simplest approach would be to focus on a single RAT and discover NW problems per RAT first. 

[Deutsche Telekom] Agree with Nokia/NSN that we should focus on a solution for a single RAT first, i.e. we can limit the reporting of LTE MDT measurements to LTE (no reporting via UMTS). We also see the focus being LTE. The reporting to another cell should be straight forward in case the other eNB can sent the report back to the original eNB which initiated to the MDT measurement job.
[T-it] The possibility for MDT to work across different network implementation is a main requirement. We could prioritise the intra-RAT case (both for UMTS and LTE) but this should cover the case of non-coordinated RAN nodes (e.g. no X2, no Iur and separate O&M domains). We could accept to de-prioritize inter-RAT case in our work (even if in practice it could be important to also have it supported from the beginning).

[Orange] The need to report in another Cell/RAT might appear for RLF or for intersystem HO failures etc … for this kind of scenario this would be nice to have. However, we can start at this stage with a single RAT solution.

3.5. Reporting triggers
It has been already agreed that the immediate reporting is supported only in connected mode. It is proposed to not discuss it again in this email discussion. A number of reporting triggers were mentioned so far including those discussed in SI phase. Some of them may have been intended for one of the reporting approach, immediate or deferred. It is rapporteur’s understanding that in case of immediate reporting, ‘reporting trigger’ is equal to ‘measurement trigger’.
It is proposed to start the discussion by collecting proposed reporting triggers that companies consider to be essential. Use cases and applicability to immediate and deferred reporting should be explained by the proponent. Some example of report triggers is added below only for reference (from email discussion [66b#7].
3.5.1. Absolute time based

It can be easily envisioned that operators would like to have the UEs upload the collected measurement logs in off peak hours. This is to limit adverse impacts to the network capacity and to utilize spare radio resource that is available in off peak hours. Reporting trigger based on absolute time (e.g. at 3AM every day) can address this requirement.

3.5.2. On demand

The operator may want to have full control over when the UE measurement logs are uploaded to the network entity. This requirement can be addressed by having an on-demand mechanism where the UE is asked to send the collected measurement logs with an explicit signalling.
3.5.3. Periodical timer based

Some measurements could create measurement logs of a large amount and frequent reporting may be more suitable for them. A periodic measurement logging can fall into this category. A reporting trigger based on a periodical timer enables the trade-off between the reporting frequency and the UE memory requirement. 
3.5.4. UE memory usage based

The operator would not know how many logs will be taken by the UE, especially for those measurement logs related to particular failure events. UE discarding of measurement logs can be avoided if the operator can configure the reporting triggered when the UE memory is constrained. A threshold with respect to the UE memory usage can be used to trigger a measurement log reporting.

3.5.5. UE leaves logging campaign

The UE may be leaving the logging campaign for various reasons (battery power constraints, user preference). When this happens, it would be desirable to take advantage of the collected logs, rather than discarding them. A measurement log reporting can be triggered when the UE leaves the logging campaign.

3.5.6. Location based

Another way of mitigating the capacity impact is to let the UE send a report in an area where the capacity is of less concerns. In an early deployment of LTE, it can be expected that many logs are taken by the UE due to frequent triggers associated with failure events. The operator may want to avoid extensive measurement reporting in certain areas where LTE is deployed and have the UE reporting in other areas. The location can be a group of cells, location registration areas (TAs) or a polygon of geographical reference points (i.e. based on GPS coordinates).
[Discussion /Comments]
[Ericsson/ST-Ericsson] It seems somewhat unclear how much the reporting trigger based on UE internal conditions needs to be specified, and how much can be left up to the UE implementation. For example, it seems clear that UE memory usage is by default depending on the UE implementation to a great extent.

[Deutsche Telekom] We agree that for immediate reporting (i.e. in connected mode) the “measurement trigger” equals the “reporting trigger”. Some relaxation of “immediate” could be discussed (i.e. RRM measurement reporting is more important).

[T-it] Some aspects related to UE internal conditions may be considered as UE implementation issues, however there should be some minimum capability (e.g. memory requirements) upon which the measurement configuration can be defined.
[Ericsson/ST-Ericsson] In general we think that there is no fundamental need for many reporting triggers, and it seems that "on-demand" is sufficient. However, the reporting triggers for IDLE mode seem to require some further discussion (for example, the restrictions from UE DRX need to be taken into account in order not the reduce UE battery consumption.
	Reporting trigger
	Explanation / Use case
	Applicability (immediate / deferred)
	Support companies

	On demand
	· LGE: After the UE delays MDT report, the network can command the UE to resume the report at the best time.
· Qualcomm: The use of this trigger seems quite universal (full network control). But idle mode UE can not be reached if we select pure RAN-based architecture.
· CATT: Operators could ask UEs to report such large size message(s) in the most appropriate time.
· Ericsson: This seems to be the most basic mechanism
· Samsung: For UL capacity optimization, it is desirable that the network handles the reporting timing about logged MDT measurement.
	deferred
	LGE, Qualcomm, T-it,CATT, CMCC, NEC, Nokia, NSN, Ericsson, ST-Ericsson,
Samsung,
Deutsche Telekom,
Orange

	Absolute time based
	· Qualcomm: Use case as described above. Can support idle mode UE
· CATT: this is the simplest method for triggering report, and if it could be used depends on the operators.
· Ericsson: This use case can be realized by on-demand measurement as eNB/RNC knows best when the off-peak hour is
· Deutsche Telekom: we agree with Ericsson …
	deferred
	Qualcomm, T-it,CATT, CMCC, NEC, Orange

	UE memory usage based
	· Qualcomm: This avoids UE discarding of MDT logs.
· Ericsson: Maybe this can be left up to UE implementation

· Deutsche Telekom: we agree with Ericsson …
	deferred
	Qualcomm, T-it, Orange

	UE leaves logging campaign
	· Qualcomm: This avoids UE discarding of MDT logs. Probably can be addressed by “on demand” if we decide that the UE is required to enter connected mode when leaving MDT mode.
· Ericsson: Maybe this can be left up to UE implementation
	deferred
	Qualcomm, T-it
Deutsche Telekom

Orange

	Location based


	· Deutsche Telekom: (has been left out from the list) – this has to be discussed in conjunction with the definition of a measurement job (less relevant for the MDT measurement reporting)
	deferred/
immediate
	Deutsche Telekom
Orange

	Periodical timer based
	· CATT: It is depend on UE implementation, and it is also a simple method.
· Ericsson: Maybe this can be left up to UE implementation
	deferred
	CATT

	UE enters CONNECTED
	· Upon entering CONNECTED mode, the UE reports data stored in IDLE mode
	deferred
	Nokia, NSN

	MDT measurements performed
	· The reporting is triggered immediately after the MDT measurement has been performed
	immediate
	Nokia, NSN

Deutsche Telekom, 
Orange


4. Conclusion
The following conclusion can be drawn from this email discussion.

1.  Need of deferred reporting in connected mode

Mainly three use cases are identified by companies that consider it is beneficial to support deferred reporting in connected mode.

a. MDT measurements in RAN node not supporting MDT
b. Prioritizing other signaling, user data or procedure over MDT reports
c. To address cases where MDT report cannot be sent immediately (e.g. UL problem, RLF)

The identified use cases / requirements themselves were not disputed, but instead companies asked more detailed discussion to take place before concluding on the support of deferred reporting, such as:

· Whether idle mode logging can address those use cases
· Evaluation of value added by connected mode deferred reporting when MDT measurements supported in connected mode are identified
· Architectural impact of departing from the current RRC concept where configuration comes from the serving cell

· Overall UE / system impact 
2. Should the log survive across RRC state transition? (assuming that deferred reporting is supported)
The consensus is that the log should survive across RRC state transition if deferred reporting is supported.

3. Should the measurements be continuous across RRC state transition?

No conclusion is reached. The consensus is that the answer to this question depends on the MDT measurements taken in connected mode and idle mode.

4. Extending existing RRM measurements vs Introducing new approach

General understanding is that idle mode MDT and deferred reporting approach in connected mode (if supported) would require a new approach as opposed to extending existing RRM measurements.

5. Can the log be reported in other cell/RAT than where configured?

Prioritizing single RAT case, i.e. configuration and report happen only in the same RAT, is acceptable.

6. Reporting triggers

“On demand” trigger received broad support and can be agreed out of this email discussion.

Other cases that may not be supported by “on demand” trigger would require more discussion, i.e. report trigger based on UE internal events, or triggering reports from idle mode.
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