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1	Introduction
Starting with RAN2#99, euCA WI has been on-going and one of the key objectives were:
	· Reduced delays in Scell set-up, including shorter Scell configuration delay after UE moves from idle to connected by addressing the following aspects:
· Measurements on Scell candidates (e.g. network assistance in identifying Scell candidate carriers, and best effort UE measurements for Scell candidates),
· Measurement reporting (e.g. utilize UE’s earlier idle mode measurements for configuring Scell),
· Scell configurations and activations (e.g. the network could immediately configure Scell for CA without additional measurements when UE’s earlier idle mode measurements are available for setting up Scell)



Until RAN2#101bis meeting, the following agreements were reached related to the above key objectives:
	Agreements:
RAN2#99 [3]:
· UE can be indicated an inter-frequency carrier to measure during the idle state. The inter-frequency measurement operation and requirement is FFS. How fast to report the measurement is FFS. The security issue of report is FFS.
RAN2#99bis [4]:
· The indication for which carrier(s) UE could do the IDLE measurements is included in SIB5 and dedicated RRC signalling (including the valid timer). FFS the value range of the timer.
· 	UE indicates the availability of inter-frequency measurements in RRCConnectionSetupComplete or RRCConnectionResumeComplete
RAN2#101 [5]:
· Do not define a validity timer for IDLE measurement configuration in SIB5. It doesn’t exclude UE performs aperiodic measurement.
· The information that can be broadcast in SIB5 should be limited to at most 3 inter-frequencies and at most N cells per carrier frequency. Value of N is FFS.
· UE can be provided with a “CA measurement configuration” within RRCConnectionRelease that is different from SIB5 configuration, and which overrides any SIB5 configurations. FFS the dedicated configuration is still valid after cell reselection.
· Validity timer is only defined for configuration given in RRCConnectionRelease.
· Only CRS-based measurements (RSRP/RSRQ/RS-SINR) are supported for IDLE mode measurements.
· Network can indicate which measurement quantities out of RSRP, RSRQ and RS-SINR UE should report for IDLE mode measurements
UE may continue performing IDLE state euCA measurement after cell reselection.
· If the ongoing IDLE state measurement is configured only via SIB5 in source cell: 
· After cell reselection, if the SIB5 of the target cell includes the IDLE state measurement configuration, UE continues performing IDLE state measurement and updated the configuration according to the SIB5 of the target cell.
· After cell reselection, if the SIB5 of the target cell includes no configuration for the IDLE state measurement, UE stops performing IDLE state measurement.
The following behaviour is to adopt for reporting of the IDLE mode measurements:
· The UE waits for an explicit eNB-request for the IDLE mode measurements. The measurements should be reported after security establishment.
· Timer T331 starts upon RRC Connection release message received by UE.
· Minimum SCell Signal Quality threshold for reporting may be configured by eNB. 
RAN2#101bis [6]:
· A valid area in term of cell list for IDLE state measurement is optional configured only by RRC release.  The valid area is used to indicate where UE to perform euCA IDLE state measurement when the validity timer is not expired. When UE reselects to a cell out of the valid area, UE should consider the validity timer expires.
· Introduce an indication in SIB2 to indicate eNB wishes to receive euCA idle measurement report. If the indication is configured UE will continue performing the idle state measurement based on the configuration of the dedicated signalling after cell reselection until the validity timer expires
· Signalling of the SCell measurement information from during IDLE mode takes place as part of UE information procedure (UEInformationRequest and UEInformationResponse messaging) after the RRC connection was established.
· The number of cells per carrier that can be broadcast in SIB5 should be limited to at most 8 cells per carrier frequency.
· UEs capable of IDLE mode measurements are only required to do them while validity timer is running.  No specific timer and measurement requirement are expected to the UE for only SIB5 configuration. It is up to UE implementation.
· Use value range of 10, 30, 60, 120, 180, 240, or 300 seconds for the validity timer.
· Introduce a single capability bit for IDLE mode measurements, covering both common and dedicated configuration aspects. It should be another separate capability for valid area.
· UE only indicates the availability of the measurements that are over a threshold value.




NOTE: Highlighted agreements are for broadcast, while rest are mainly general or dedicated configuration.
This paper aims at describing the full functionality of IDLE mode measurements: How UE measures, what does it report, how long that takes and how the UE reports, and addressing any remaining open issues with the feature.

2	General description of euCA IDLE mode measurements 
For a CA capable UE released to IDLE, when either MO or MT traffic arrives, if NW configures UE to use the CA, the largest delay component in an inter-site inter-frequency deployment of candidate SCells configuration and activation is represented by the inter-frequency neighbour cell measurements (i.e. inter-frequency measurements, which legacy Rel-14 LTE UE was doing only while in CONNECTED, based on NW configuration). As a result of euCA WI [1], in order to have a faster SCell configuration and activation, for a Rel-15 UE:
Network may request UE to measure inter-frequency carriers in RRC_IDLE mode via system information or via indicating a measurement configuration to UE when releasing RRC connection. The UE performs the requested measurements and provides indication of the availability of measurement report to the eNB during RRC Connection Setup or Resume procedure [2]. More precisely, according to agreements:
The indication for which carrier(s) UE could do the IDLE measurements is included in SIB5 and dedicated RRC signalling (including the valid timer). UE indicates the availability of inter-frequency measurements in RRCConnectionSetupComplete or RRCConnectionResumeComplete [4]. Additionally, a valid area in term of cell list for IDLE state measurement is optional configured only by RRC release.  The valid area is used to indicate where UE to perform euCA IDLE state measurement when the validity timer is not expired. When UE reselects to a cell out of the valid area, UE should consider the validity timer expires [6].
In the following sections, we will discuss how the procedure works according to up-to-date euCA WI agreements, in the two main cases: broadcast (i.e. cell-specific information) and dedicated configuration (i.e. UE-specific information scenario).
[bookmark: _GoBack]The indication for which carrier(s) Rel-15 LTE UE could do the IDLE measurements can be included in both SIB5 and dedicated RRC signalling RRCConnectionRelease. To avoid impacting UE power consumption too much, a validity timer T331 was agreed defined (but only in RRCConnectionRelease), which restricts how long the UE shall perform the configured IDLE mode measurements.
Observation 1: The information on which IDLE mode measurements UEs should do can be provided in two similar ways: Either provide the same information to all UEs in SIB5 (for cases where the desired frequencies to be measured can vary in different cells), or providing UE-specific information in RRCConnectionRelease (allowing for the configuration to take both the UE capabilities, useful in deployments where UE capabilities are diverse but cells are largely deployed so that all are using the same set of carrier frequencies for CA). 
3	Broadcast and dedicated signalling configuration scenarios
3.1	Cell-specific signalling configuration 
In case UE is receiving its IDLE mode measurements by SIB5 (i.e. broadcast option), the main point of broadcast configuration should be that UE measures what it can, wherever it is. By broadcasting the info of extra IDLE mode measurements in SIB5 it means that the information is common potentially to all UEs, including those UEs that do not need to do so. The information has to be compact enough to avoid unnecessary overhead, yet provide enough information to allow UE and network to benefit from the measurements. One way to limit the UE measurements in IDLE is to have more restricted measurements in case of SIB5, as agreed in [6]:
· The information that can be broadcast in SIB5 should be limited to at most 3 inter-frequencies 
· The number of cells per carrier that can be broadcast in SIB5 should be limited to at most 8 cells per carrier frequency.
Note that these limits correspond to the existing LTE measurement capabilities already defined in Rel-8, which are already now the typical limits for UE measurement capabilities of inter-frequency carriers in both CONNECTED and IDLE mode. When each cell also provides the SIB5, it is possible to have the UE measure different frequencies depending on which cell the UE is camping, which could help in e.g. in the scenarios where the indoor/outdoor frequencies are different by regulation (as is the case in China, for example).
Observation 2: Using cell-specific configuration allows the operator to control which frequencies Ues measure in each cell, but does not consider UE capabilities (so that only those UEs that support the frequencies will measure them).
However, a UE might support measuring certain frequencies but not support CA band combinations on those frequencies. This might end up with eNB getting measurements that do not tell whether UE can be configured with CA on the measured carriers. To help with this, the IDLE measurement rules could also be modified so that UE only reports measurements of those carriers where it can operate in CA. 
Proposal 1: UE only reports IDLE mode measurements on carriers where it supports CA band combination(s).
The TP showing how this can be taken into account is shown in Annex A.
3.1.1	Validity timer and area in cell-specific configuration
According to agreements, validity timer is not defined for SIB5 – according to [5] validity timer is not defined for IDLE measurement configuration in SIB5. The reason why here T331 would not make sense is that different UEs have different needs/capabilities. As this would be a broadcasted parameter, all UEs (regardless of their capabilities) would need to comply with it – which is not very optimal.
It should be noted that this does not exclude UE performing the measurement in aperiodic manner [5] (i.e. when to measure depends on UE implementation) as long as it meets the performance requirements set by RAN4. Even if the UE was not provided the T331 timer, in case the SIB5 configuration and the SIB2 indication is present, the UE could also perform the measurements according to the SIB5 configuration even without the validity timer, but there will be no RAN4 requirements for those measurements. Thus, it is up to UE implementation to perform IDLE mode measurements when T331 is not running [6].
Observation 3: UE may choose to perform SIB5-based measurements if it wishes to, but is not required to do so.
For validity area, the configuration was made carrier-specific during the RAN2 email discussion 101bis#18. This seems sensible since the UE could conveivably reselect to multiple carriers, so having validity timer restricted to a single frequency would limit the usefulness of the measurements.
Proposal 2: Confirm that Validity Area configuration is per carrier frequency: If UE reselects to a frequency outside the validity area, T331 is stopped (no changes required to the CR).
3.2	UE-specific signalling configuration
Compared to UE actions based on the SIB5 broadcast, the situation for UE and network is slightly different when using RRCConnectionRelease: The UE capabilities are known well and eNB has an active signalling connection with the UE, thus being able to provide much more information than would typically ever be broadcast. So now, one key point is that in the case of UE-specific configuration (i.e. dedicated signalling), NW gives to UE only those carrier frequencies that is knows the UE can support (since it has the UE capabilities available for the configuration). 
Therefore, UE can be provided with a “CA measurement configuration” within RRCConnectionRelease that is different from SIB5 configuration, and which overrides any SIB5 configurations [5]. These rules even apply beyond reselection, provided that either 1) there is no validity area or 2) the UE reselects to a cell within the validity area (when the validity area is provided).
Observation 4: The UE-specific configruation in RRCConnectionRelease allows eNB to custom the measured frequenciers accordiung to UE’s support (CA) band combinations
3.2.1	Validity timer and area in UE-specific configuration
According to agreements, validity timer (namely T331) is always defined for configuration given in RRCConnectionRelease. Timer T331 starts upon RRC Connection release message received by UE [5]. According to agreements, T331 value range is of 10, 30, 60, 120, 180, 240, or 300 seconds [6].  The configuration given in a dedicated signalling should be valid according to the duration of the validity timer. In this case, the intention is more straightforward and UE should measure a limited time. The reason why T331 works better for dedicated configuration is that now T331 is targeted to certain UE capabilities, e.g. knowledge of UE mobility pattern or movement speed.
Observation 5: The validity timer is always provided with UE-specific configuration because the network has better knowledge of how long it wishes to consider UE for CA after releasing the RRC connection.
The validity area can also be tailored to be UE-specifi if desired, e.g. in case of known UE mobility patterns (e.g. high-speed train UEs), but otherwise the principle is the same as with cell-specific configuration. 
3.3	UE measurements
Initially, it was assumed that UE could be doing the same measurements during IDLE mode as during CONNECTED mode. But this may not always be feasible: For example, measurements based on neighbor cell CSI-RS do not seem reasonable as they require both a serving cell time reference (which could come from serving cell) as well as knowledge that the CSI-RS are being transmitted, all of which might be dynamic. Therefore, the simplest would be to only enable RSRP and RSRQ based on CRS to be reported (RS-SINR would be useful but is currently not defined for RRC_IDLE, so is not really useful to be reported in IDLE mode as it has no performance requirements). So, according to agreements [5] we have:
· Only CRS-based measurements (RSRP/RSRQ) are supported for IDLE mode measurements.
· Network can indicate which measurement quantities out of RSRP and RSRQ UE should report for IDLE mode measurements
Additionally, UE may continue performing IDLE state euCA measurement after cell reselection.
· If the ongoing IDLE state measurement is configured only via SIB5 in source cell: 
· After cell reselection, if the SIB5 of the target cell includes the IDLE state measurement configuration, UE continues performing IDLE state measurement and updated the configuration according to the SIB5 of the target cell.
· After cell reselection, if the SIB5 of the target cell includes no configuration for the IDLE state measurement, UE stops performing IDLE state measurement.
· Additionally, it was introduced an indication in SIB2 to indicate eNB wishes to receive euCA idle measurement report. If the indication is configured UE will continue performing the idle state measurement based on the configuration of the dedicated signalling after cell reselection until the validity timer expires.
Since the UE is always able to perform both RSRP and RSRQ measurements, the current RRC CR allows UE to report either RSRP, RSRQ or both quantities. This is useful as it allows network to decide which criteria to use for CA configuration, while still allowing to keep the measurement report size smaller if e.g. RSRQ is not considered useful for CA configuration.
Observation 6: Allowing network to choose which measurement quantities to report is beneficial.
3.4	Reporting measurements
One relevant point clarified in RAN2#101bis was related to requesting and reporting the IDLE mode measurements. Once the UE has indicated the availability of IDLE mode measurements, according to agreements [5]:
· The UE waits for an explicit eNB-request for the IDLE mode measurements. The measurements should be reported after security establishment.
The UE information procedure is used by E-UTRAN to request the UE to report information. Accordingly, signalling of the SCell measurement information from during IDLE mode takes place as part of UE information procedure (UEInformationRequest and UEInformationResponse messaging) after the RRC connection was established [6]:
· Signalling of the SCell measurement information from during IDLE mode takes place as part of UE information procedure (UEInformationRequest and UEInformationResponse messaging) after the RRC connection was established.
This was decided because the procedure already existed and it was straightforward to create the additions for reporting these measurements. Additionally, it was decided based on  [5] that:
· Minimum SCell Signal Quality threshold for reporting may be configured by eNB.
· UE only indicates the availability of the measurements that are over a threshold value.
As per agreements mentioned above, now UE will only report good/certain quality of measurements.  However, as noted during the email discussion 101bis#18, it is currently only possible to indicate either RSRP or RSRQ as a quality threshold. This was simply because the CR was done based on the assumption, but there doesn’t seem to be a reason why both could not be used simultaneously as well, like they can be used for e.g. cell reselection.
Proposal 3: Allow providing quality thresholds for both RSRP and RSRQ for IDLE mode measurement reporting condition. UE only provides measurements if both configured thresholds are met.
This still doesn’t tell how recent the reported measurement results are, since it was not agreed to introduce any indication of this. Such an indication would be useful to allow eNB to asses whether the measurements are recent or not, but it can typically be assumed that UEs would have done fairly recent measurements as part of the normal cell reselection evaluations. 
Observation 7: UEs should provide only IDLE mode measurement results that are recent enough to be reliable.

Finally, the running RRC CR also has an FFS that states the following: 
Editor’s note: It is FFS whether the UE Idle Mode SCell Measurements can be included in RRCConnectionReestablishmentComplete – message
Since the RRC re-establishment procedure is (typically) triggered when the UE experiences a radio link failure, the IDLE mode measurement configuration would not be stored via RRCConnectionRelease, and hence the T331 would not be running. Therefore, there is no guarantee (or necessarily even a possibility) that UE might have any measurements available, so the justification for jhaving the measurements in re-establishment seems not large. Therefore, we would propose not to consider that.
Proposal 4: Do not include UE Idle Mode SCell Measurements RRCConnectionReestablishmentComplete – message.

4	Conclusion
We have discusssed the general agreed fuinctionality and the remaining open issues for the IDLE mode measurements, and observed the following:
Observation 1: The information on which IDLE mode measurements UEs should do can be provided in two similar ways: Either provide the same information to all UEs in SIB5 (for cases where the desired frequencies to be measured can vary in different cells), or providing UE-specific information in RRCConnectionRelease (allowing for the configuration to take both the UE capabilities, useful in deployments where UE capabilities are diverse but cells are largely deployed so that all are using the same set of carrier frequencies for CA). 
Observation 2: Using cell-specific configuration allows the operator to control which frequencies Ues measure in each cell, but does not consider UE capabilities (so that only those UEs that support the frequencies will measure them).
Observation 3: UE may choose to perform SIB5-based measurements if it wishes to, but is not required to do so.
Observation 4: The UE-specific configruation in RRCConnectionRelease allows eNB to custom the measured frequenciers accordiung to UE’s support (CA) band combinations
Observation 5: The validity timer is always provided with UE-specific configuration because the network has better knowledge of how long it wishes to consider UE for CA after releasing the RRC connection.
Observation 6: Allowing network to choose which measurement quantities to report is beneficial.
Observation 7: UEs should provide only IDLE mode measurement results that are recent enough to be reliable.

Based on these and the discussion, we propose the following:
Proposal 1: UE only reports IDLE mode measurements on carriers where it supports CA band combination(s).
Proposal 2: Confirm that Validity Area configuration is per carrier frequency: If UE reselects to a frequency outside the validity area, T331 is stopped (no changes required to the CR).
Proposal 3: Allow providing quality thresholds for both RSRP and RSRQ for IDLE mode measurement reporting condition. UE only provides measurements if both configured thresholds are met.
Proposal 4: Do not include UE Idle Mode SCell Measurements RRCConnectionReestablishmentComplete – message.


References
[1] [bookmark: _Ref513380947][bookmark: _Ref75086397]RP-170805 – WID on enhancing CA Utilization, Nokia, Nokia Shanghai Bell
[2] [bookmark: _Ref513380544]3GPP TSG-RAN WG2 Meeting #101, Sanya, China, 16th - 20th April 2018 – Stage-2 CR euCA – Nokia, Nokia Shanghai Bell 
[3] [bookmark: _Ref513380556]3GPP TSG RAN WG2 #99, Berlin, Germany, 21st – 25th August 2017 - Report from LTE Break-Out session - CMCC
[4] [bookmark: _Ref513380562]3GPP TSG-RAN WG2 Meeting #99bis, Prague, Czech Republic, 9th – 13th October 2017 - Report from LTE Break-Out session – CMCC
[5] [bookmark: _Ref513380567]3GPP TSG-RAN WG2 Meeting #101, Athens, Greece, 26th February - 2nd March 2018 - Report from Break-Out Session - CMCC
[6] [bookmark: _Ref513380579]3GPP TSG-RAN WG2 #101bis, Sanya, China, 16th - 20th April 2018 - Report from breakout session - CMCC
[7] 3GPP TSG RAN WG2 #100, Reno, USA, 27th November – 1st December 2017 - Report from LTE Break-Out session – CMCC



Annex A: TP for taking the UE capabilities into account in measurement reporting
5.6.X.2	Initiation
While T331 is running, the UE shall:
1>	perform the measurements in accordance with the following: 
2>	for each entry in idleMeasuredCarriersEUTRA within VarIdleMeasConfig: 
3>	perform measurements in the carrier frequency and bandwidth indicated by carrierFreq and allowedMeasBandwidth within the corresponding entry;
3>	if the cellsToMeasureList is included:
4>	consider PCell and cells identified by each entry within the cellsToMeasureList to be applicable for idle mode measurement reporting;
3>	else;
4>	consider PCell and up to maxCellMeasIdle strongest identified cells whose measurement results are above qualityThreshold to be applicable for idle mode measurement reporting; 
3>	consider the measurement results for cells applicable only if for cell in combinations of carrier frequencies for which the UE indicates in supportedBandCombinations within the UE capabilites;
3>	store measurement results for cells applicable for idle mode measurement reporting within the VarIdleMeasReport;
1>	if validityArea is configured in VarIdleMeasConfig and UE reselects to a serving cell whose physical cell identity on does not match any entry in validityArea for the corresponding carrier frequency: 
2>	stop T331; 

