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1	Introduction
During euCA WI RP-170805, one of the main discussion item was related to introduction of extra IDLE mode measurements that UE should be performing, in order to enable fast CA setup. During the RAN2 meetings, the following agreements were reached related to this item:
	Agreements RAN2#99:
· 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.
Agreements RAN2#99bis:
· 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
Agreements RAN2#101:
· 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. 




This contribution discusses how both dedicated and common configurations of IDLE mode measurements are used, and what could be the related UE capabilities for the feature of IDLE mode measurements.
2	Configuration of IDLE mode measurements
2.1	Configuration options for IDLE mode measurements
According to the current agreements, the configuration options for UE could be summarized as shown below in Table 1:
	Configuration Type
	Dedicated configuration – RRCConnectionRelease
	Common configuration – SIB5

	Information
	
	

	Information on carrier(s) UE could do the IDLE measurements
	Yes
	Yes 

	Validity Timer 
	Yes
	No


Table 1. Current configuration options for IDLE mode measurements
Dedicated configuration – RRCConnectionRelease
As per normal rules of RRC configuration, dedicated UE configuration should take precedence over common configuration broadcast in SIB. Further, RAN2 already agreed that the validity timer should only be given in dedicated configuration. Thus, the dedicated configuration is the main mechanism for configuring the IDLE mode measurements since it’s the one that allow configuring all the functionality, including overriding any received SIB information.
Observation 1: Dedicated configuration allows overriding the common configuration.
Common configuration – SIB5
Only UEs that are capable of the Rel-15 IDLE mode measurement functionality will do anything with the broadcast information. This might still be a significant number of UEs, with possibly some impact to UE battery life if the measurements are very frequent (see section 2.2 for more on this).
Additionally, the information that can be broadcast in SIB5 is limited to at most 3 inter-frequencies and at most N cells per carrier frequency, where N was left FFS previously. Since UEs could be doing (much) more restricted measurements based on SIB5 broadcast, we think that e.g. 8 cellsper carrier frequency could be used since that is the typical LTE maximum measurement capability for inter-frequency carriers in IDLE mode. 
Proposal 1: The number of cells per carrier that can be broadcast in SIB5 should be limited to at most 8 cells per carrier frequency.
2.2	Measurement procedure during IDLE mode 
The key point for IDLE mode measurements is WHEN the UE is required to measure something. Let’s assume that UE capable of IDLE mode measurements comes to a cell that broadcasts SIB5 indicating IDLE mode measurement parameters. It then has to evaluate whether it should try to measure those carriers or not. Assuming there are no restrictions, the UE would (presumably) start measuring and continue the measurements as long as needed, which could increase the power consumption a lot. That has also been discussed in RAN4 earlier, and there has been a clear desire to limit UE power consumption to reasonable values.
However, RAN2 decided earlier that the validity timer would NOT be applied for SIB5 since it would be ambiguous as to when the UEs would start/stop the timer, which might just increase UE power consumption. Therefore, some other way of limiting measurements based on only SIB5 would be needed to avoid impacting a significant number of UEs. This was the main argument used to initiate the email discussion 101#42 based on R2-1802007.  Therefore, the UE measurement time could be limited via some means to ensure good UE power efficiency, while still receiving benefits from the IDLE mode measurements. A simple way would be to simply allow only those UEs that have received dedicated signalling (i.e. RRCConnectionRelease) to utilize the SIB5 indications. That would provide the flexibility to use SIB5 to indicate the cell supports receiving the IDLE mode measurements from UEs while still allowing network control over which UEs are utilizing the measurements.
Observation 2: Measurements done based on SIB5 may affect a large number of UEs if no limitations are specified.
Observation 3: An efficient way to limit UE power consumption would be to only have UEs that have been released from CONNECTED to IDLE do measurements based on SIB5
Proposal 2: UEs capable of IDLE mode measurements are only required to do them while validity timer is running. 
Note that proposal 2 essentially means that SIB5 alone does not necessitate UE to do anything.
2.3	Validity timer behaviour 
The value range for the validity timer has not been decided yet. This section aims to clarify how the validity timer works for the IDLE mode measurement configuration.
The validity timer was introduced to limit the UE power consumption impact, and indicates for how long the configuration given by NW is valid (i.e. how long UE should continue the measurements). Once the UE receives the RRCConnectionRelease with the validity timer, the timer (tentatively called T331) will start. During that time, the UE retains the configuration and performs measurements according to that until the timer expires (even after reselections).
One important aspect to discuss is how long the validity timer should be. We have conducted system level analysis to better understand the appropriate length of the validity timer. The longer the timer, the more measurement power consumption, but also higher chance of having measurements available immediately at connection setup. Considering that the communication with a small cell is (typically) more power efficient, one can even gain in power. At the break-even point the improved energy-efficiency of data transfer exactly offsets the energy consumed by the additional measurements. 
Figure 1 and Figure 2 illustrate two cases, where the main difference is the delay in accessing the small cell if no IDLE mode measurements are available. Figure 1 assumes 500ms latency (i.e. the most favourable case without IDLE mode euCA measurements), while Figure 2 assumes 1000ms latency (valid for 2 layers).
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Figure 1 Extra measurements time for reference case of 500ms
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Figure 2 Extra measurements time for reference case of 1s



According to our evaluations (with a file size of 0.5 – 2MB), the break-even point is at minimum around 4 - 7 min (i.e. depending on number of different frequency layers measured). But as it can be seen from results, in case of e.g. UE measuring 2 inter-f while in IDLE (corresponding to 1s delay case), the break-even point could be around 6-7 min.
Observation 4: Even validity timer values in the order of minutes can still provide performance gains.
More details on the simulation setup and parameters can be found in Annex A.
Proposal 3: Use value range of 10, 30, 60, 120, 180, 240, 300 or 600 seconds for the validity timer.
2.4	UE capabilities for dedicated configuration of IDLE mode measurements 
UE capabilities for the IDLE mode measurements should also be discussed: The feature of IDLE mode measurements covers the following aspects:
· Measuring, according to the RAN4 performance requirements, inter-frequency carriers in IDLE mode according to the configuration given in RRCConnectionRelease and SIB5 
· Using validity timer given in RRCConnectionRelease to limit amount of measurements
· Indicating measurement availability to eNB and reporting measurements at the request of eNB via RRC
Since these seem all intertwined, a single capability bit should be used to cover the feature.
Proposal 4: Introduce a single capability bit for IDLE mode measurements, covering both common and dedicated configuration aspects.
3	Measurements done during IDLE mode 
According to RAN2#101 meeting agreements, only CRS-based measurements (RSRP/RSRQ/RS-SINR) are supported for IDLE mode measurements. Additionally, network can indicate which measurement quantities out of RSRP, RSRQ and RS-SINR UE should report for IDLE mode measurements. It was also agreed that a minimum SCell Signal Quality threshold for reporting may be configured by eNB.
Since the UE measurement cycle is also infrequent (depending on how RAN4 defines the requirements), it would also be good to understand how much the measurements vary over time. This would also then tell the eNB whether the UE is (semi-)stationary or moving, which could affect the policy of setting up CA (e.g. stationary UEs may have better gains from CA in good coverage). Therefore, the UE could be requested to also indicate the time when the measurements have been within given bounds, in a similar manner as time-to-trigger is used in CONNECTED mode measurements.
Hence, when doing IDLE mode measurements, UE could e.g. maintain the time that records how long a measured cell has been above a threshold value (e.g. RSRP >= X dB). This would then be reported to NW per cell to indicate whether the recent measurements have been stable. 
Proposal 5: UE can be requested to log the time during which a measured cell has been above a threshold value (i.e. similar to measurement event A1).
Further, the UE could be requested to only report cells that do fulfil the given condition e.g. because the eNB would only use “good enough” cells for CA purpose, and to limit the UE measurement load as cells that are “bad” could be pruned away from the measurement reports by the UE, reducing the signalling size.
Proposal 6: UE can be requested to only report measurements that are over a threshold value.

5	Conclusions
Observation 1: Dedicated configuration allows overriding the common configuration.
Observation 2: Measurements done based on SIB5 may affect a large number of UEs if no limitations are specified.
Observation 3: An efficient way to limit UE power consumption would be to only have UEs that have been released from CONNECTED to IDLE do measurements based on SIB5
Observation 4: Even validity timer values in the order of minutes can still provide performance gains.
Proposal 1: The number of cells per carrier that can be broadcast in SIB5 should be limited to at most 8 cells per carrier frequency.
Proposal 2: UEs capable of IDLE mode measurements are only required to do them while validity timer is running. 
Proposal 3: Use value range of 10, 30, 60, 120, 180, 240, 300 or 600 seconds for the validity timer.
Proposal 4: Introduce a single capability bit for IDLE mode measurements, covering both common and dedicated configuration aspects.
Proposal 5: UE can be requested to log the time during which a measured cell has been above a threshold value (i.e. similar to measurement event A1).
Proposal 6: UE can be requested to only report measurements that are over a threshold value.
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Annex A Simulation parameters
Table 2 General parameters (More details of simulation setup can be found in R2-1707820)
	[bookmark: _Ref399315920]Parameter
	Assumption

	System bandwidth - macro
	10 MHz

	System bandwidth - small cell
	10 MHz

	Frequency layer - macro
	2.0 GHz

	Frequency layer - small cell
	3.5 GHz 

	Cell layout
	Hexagonal grid, 7 sites, 21 cells per site, with wrap-around

	Small cells
	4 small cells per macro

	UE mobility
	Static

	UE deployment
	All UEs are in small cells

	Macro inter-site distance
	500 m

	DL Antenna configuration
	1x2, MRC receiver

	Macro BS Tx power
	46 dBm

	Small cell Tx power
	30 dBm

	UE maximum Tx power
	23 dBm

	
	

	Pathloss model - macro
	UMa [2]

	Pathloss model - small cell
	 UMi [2]

	Traffic
	FTP model 1 as per TR 36.814 [2]

	FTP file size
	Varied (0.1 MB, 0.5 MB, 1.0 MB, 5.0 MB)

	Offered load 
	Varied (10, 20 Mbps per macro area)

	Scheduler
	Proportional fair

	SCell detection + measurement + configuration delay
	Varied (0, 100, 500, 1000 ms)

	SCell activation delay
	24 ms

	SCell configuration 
	A4, RSRQ threshold -15 dB

	SCell activation
	A1, RSRQ threshold -15 dB
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