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1	Introduction
The work on enhanced utilization of CA has been discussed in RAN2 for some meetings and RAN4 initiated the first requirement related discussions in Reno meeting. One of the main objective of the euCA WID [1] is:
	[bookmark: _Hlk503871620]
· 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)




RAN2 has been discussing 2 different complementary solutions which would be able to reduce the CA utilization setup time: 1) measurements in idle mode of an indicated potential CA carrier for early CA setup, and 2) establishing a new state for SCells ‘in between’ active and deactivated state. Related to 1) RAN2 has earlier agreed following:
In RAN2#99 meeting, the following agreements were done related to delay reduction for SCell set-up:
	
Agreements:
1	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.
2	It is FFS on whether configuring a SCell to be directly in active state at RRC reconfiguration. 



In RAN2#99bis, it was agreed that the UE measurement configuration for IDLE could be given in either SIB5 or RRCConnectionRelease, as shown below:
	
Agreements:
1	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.
2	UE indicates the availability of inter-frequency measurements in RRCConnectionSetupComplete or RRCConnectionResumeComplete



In RAN2#100, the following agreements were reached:
	Agreements:
1     Support configuring SCell directly in activated/deactivated state in Rel-15. FFS how to solve the CQI ambiguous and PDCCH monitoring timing issues.
Agreements:
	Introduce a New SCell fast activation state as follows:
		1) Not introduce L1 signalling
		2) Only period CQI report based on CRS
		3) without PDCCH monitoring
Agreements:
 
1             Transition between legacy SCell deactivated state and fast activation state is via MAC-CE (i.e., similar to legacy).
2              Legacy state transition mechanisms are applicable for transition between legacy SCell activated and SCell deactivated states.

  1        The short period of the CQI reporting resource could be only available upon receiving the SCell activation command. FFS when the UE fall back to longer periodicity.
 




In Reno meeting some concerns were raised related to the UE impact. In this paper, we will go one step further and analyse system performance of the feature – including discussing the UE requirements for the IDLE mode measurement solution and how they could be defined.

2	Effect on UE power consumption	
Firstly, we make estimate of the UE power consumption model. Figure 1 is a simplified illustration of power consumption model concerning the expected power consumption impact on UE in idle mode due to the inter-frequency measurements for SCells. 
This example considers the measurement periodicity to be the LTE paging cycle (here 1.28 s). It is assumed that the UE can measure both the serving cell and the target CA inter-frequency carrier at the same time, and that measuring the inter-frequency carrier increases the power consumption by 50%  [5]. Impact on UE power consumption is considered for different measurements periodicities.
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Figure 1 UE extra power consumption as a function of the inter-frequency measurement periodicity.


As it can be seen from Figure 1, the less frequently the UE performs measurement on the carrier the less is the power consumption impact. The highest power consumption is observed when the UE performs a dedicated measurement each DRX cycle and in this case the increase is roughly 50%, compared to the Idle mode power consumption without dedicated CA carrier measurements. However, this impact is overestimated as it does not account the power consumption from the inter-frequency measurements the UE would anyway need to perform on the carrier. I.e. the 50% impact is an overestimate and real impact will be lower than 50%.
Observation 1: There is a power consumption impact from UE performing additional measurements compared to legacy.
However, the intention is not that such measurements would be continuous, but configured by the network when there is such a need and benefit.
Observation 2: Extra measurements are not intended to be performed continuously in idle mode.
Additionally, once the measurements are configured they would be time limited and the UE should not continue additional CA inter-frequency measurements for longer periods of time. 
From [7, 8, 9] we observe that the inter-frequency measurements and measurement reporting delays are the most significant contributor to the effective offloading delay as illustrated in figure 1 [R2-1707819].
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Figure 1 Illustration of the delay components for SCell addition
Figure 1 is even rather optimistic and does not account that the UE is allowed up to around 3.8 seconds assuming 1 inter-carrier to be measured with GP#0. When analyzing and discussing the extra measurements in idle mode, one has to keep in mind that currently the only alternative is to keep the CA setup delay low is by keeping the SCell in activated state.  
Following we have been analysing the detailed impact from performing additional measurements on UE side in idle mode. We have looked at the overall UE impact and system performance to get a fuller picture of final overall performance.

2.1 Performance results
To assess the overall impact of faster idle mode measurements for enabling early CA configuration, the gains needs to be evaluated in terms of throughput and latency gain and the overall UE power consumption. Focusing on the UE power consumption impact in idle mode alone is not sufficient.
When evaluating the UE power consumption impact, one need to account the overall UE power consumption footprint from the feature. I.e. When discussing the UE power consumption impact, RAN4 should discuss both idle mode and connected mode. E.g. an increase in power consumption during idle mode may lead to power saving benefits connected state as the data transmissions can finalize faster - leading to overall reduced UE power consumption.

2.1.1 Simulation setup	
To quantify the performance impact of extra measurements in Idle mode (and thus enabling faster SCell setup), we conducted system simulations in an inter-site CA deployment comparing impact of different small cell access/set-up delays and inter-frequency measurement periodicities. 
The scenario is LTE HetNet deployment, with 21 macro-cells, each macro cell having a hotspot cluster of 4 small cells. UEs are uniformly distributed in the scenario and they move within the deployment area with the speed of 3 km/h or 30 km/h, depending on the simulation case. The performance evaluation is done for FTP 3 traffic model as defined in TR 36.814 and [36.889] [2]. We assumed a file size of 0.5 MB, with average idle times between 8 s to 20 s depending on the load point, and 40 UEs per macro cell area. The traffic setting is such that UE spends most of the time in idle mode (between 80% - 98%).
Different SCell setup delays have been simulated, ranging from 50 ms to 500 ms. This delay is the total SCell setup delay assumed before the UE can be scheduled in the SCell. I.e. the delay includes the time needed for measurement configuration, for performing the measurement, reporting the measurement result, configuration of the SCell and SCell activation delays. In the results, the 500ms SCell delay is considered the reference case (500ms SCell delay represents the delay due to UE measuring only one additional carrier, to the serving cell).
In LTE, the typical set-up delay for CA depends on the measurement configuration and the number of inter-frequency carriers to be measured by the UE. In case of one frequency layer, the delay is expected to be at minimum around 500 ms (inter-frequency measurement period is 480 ms), excluding any cell detection delay. Longer delays can be expected if including cell detection delay as well as additional carriers to be monitored. Shorter delay values are simulated to analyse any potential gain even under favourable UE conditions.
In the results, we assumed that the UE performs measurements on the indicated carrier once per measurement cycle (same as paging cycle) of 1.28 s and that the additional inter-frequency measurement leads to a 50% increase in the UE power consumption compared to the case when such measurement is not performed (i.e. legacy case). We assume UE is using 2 measurements for filtering, each separated by a measurement cycle. In the 500 ms SCell setup delay case the UE does not perform inter-frequency SCell measurements in the idle state (i.e. this resembles as baseline for existing LTE performance).
More details of the simulation assumptions and setup used are given in the Annex A.
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Firstly, we look at the impact on the UE overall power consumption from having the UE to perform extra measurements in idle mode for enabling faster SCell setup. Secondly, we look at the mean how the UE effective throughput under the same conditions is affected by enabling early reporting and setup of CA (i.e. how does reduced SCell setup delay affect the mean UE throughput).

2.1.2.1	UE overall power consumption
	
[bookmark: _Ref493925696]Figure 2 UE power consumption, 3 km/h
	
[bookmark: _Ref493925705]Figure 3 UE power consumption, 30 km/h



Figure 2 and 3 illustrates the overall UE power consumption during the simulation life time. I.e. the power consumption includes the additional 50% increase in the UE power consumption in idle mode, due to the proposed extra measurements,  and the UE power consumption during connected mode. It is clear that the overall UE power consumption for the reference results (500ms results) is significantly higher than the overall UE power consumption for any of the scenarios where the UE applies extra idle mode measurements for enabling faster SCell setup. In the figure the SCellDelay is the latency in setting up the SCell including measurements, reporting, configuring and activating, before the SCell can be used for scheduling.
Figure 2 shows the mean UE power consumption for 3 km/h and Figure 3 shows the shows the mean user power consumption for 30 km/h. From these results, we can observe the following:
· Significant power consumption savings are gained due to reducing the SCell usage delay (SCell setup delay).
· There is clear positive impact on UE overall power consumption from performing extra inter-frequency measurements in idle mode for enabling fast SCell setup, due to more efficient data transmission in the small cell and shorter connection time.
· Similar trend can be observed for both UE speeds although highest gain is observed for low mobility (as expected).
Observation 3: A significant improvement in the overall UE power consumption can be achieved by enabling faster SCell setup. 
Observation 4:  Performing extra measurements in Idle mode, enabling shorter SCell setup, improves UE overall power consumption.

2.1.2.2	Mean UE effective throughput
Next, we look at how the reduced SCell setup delay affects the UE effective throughput. The effective throughput is the UE file throughput (i.e. the FTP file size) divided by the time it takes to transmit it.
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[bookmark: _Ref493926412]Figure 4 UE effective throughput for CA, 3 km/h
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[bookmark: _Ref493926420]Figure 5 UE effective throughput for CA, 30 km/h



Figure 4 shows the mean UE effective throughput while in CA for 3 km/h and Figure 5 shows the mean UE effective throughput while in CA for 30 km/h. Both results are for the case when the RRC connection release timer is 50 ms (however, we have observed that similar observations can be made also for longer RRC connection release time). From these results, we can observe the following:
· Decreasing the SCell setup delay, increases the SCell usage.
· Increasing the SCell usage enables on average a better user throughput experience as it offers better load balancing before the file transfer is completed.
· In case of lower offered load (longer inter-arrival rate) the benefit is ~90% (compared to reference case of 500 ms), while for higher offered load the benefit is ~40-70% depending on the UE speed.
The results clearly shows that, by performing extra measurements in idle and making them available for the network for early SCell setup, there is an increase in SCell utilization which leads to better user throughput experience.
Observation 5: There is a clear benefit in the effective throughput from providing measurements early to network, reducing SCell activation delay.
Observation 6: Reduced SCell activation provides significant gains in UE throughput.

2.1.2.3	UE power saving
Figure 6 and Figure 7 illustrates how much power saving gain potential there is, taking as reference the 500 ms case. The power saving gain results assume similar setup as for the former results. The results show how much UE power consumption is reduced in the UE in connected mode by enabling reduced SCell setup delay. This gain is achieved by reducing the overall time the UE spends in connected mode transmitting data. Such power savings gain is in principle available for additional measurements in idle mode for enabling early SCell setup.
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Figure 6 UE power saving compared to 500 ms delay, 3 km/h
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Figure 7 UE power saving compared to 500 ms delay, 30 km/h



From these results, we can observe the following:
Observation 7:  Having a higher energy efficiency of the small cell transmission, a reduced SCell delay reduces the UE power consumption in connected mode with 20% to 30%.
Such power savings can be translated into extra idle mode measurements – before overall UE power consumption reaches break even in energy consumption.

2.1.2 Simulation Results Summary
From the results shown we can observe that the overall UE power consumption when performing extra measurements in idle mode, can be kept like regular Idle mode power consumption due to reducing data transmission times. This is feasible by controlling the period during which the UE performs extra measurements in idle mode. We observe that it is possible to balance the overall UE power consumption such that a UE performing extra measurements in idle for enabling early utilization of SCells does not negatively affect the overall power consumption. 
The reduced SCell setup delay will increase CA utilization time in Connected mode, which enables reducing the UE overall power consumption as the data transmissions can be finalized faster. This means that the UEs can be moved to Idle mode more quickly.
Proposal 1: Introduce extra measurement on specific carrier as indicated by network. 
Proposal 2: UE performs the extra measurements during a limited predetermined time.
Proposal 3: The measurement duration should be indicated by the network.
As these proposals need support from signalling we propose to inform RAN2 about these findings and ask RAN2 to introduce the necessary signalling. 
Proposal 4: Send LS to RAN2 informing about these findings and introduce the necessary signalling support.
In [7] we have provided an LS.

3	Minimum requirements
In the simulations we assumed that the indicated carrier is measured once per DRX cycle. This is higher than current minimum requirements for inter-frequency carrier measurement in Idle mode. However, it is not assumed that the UE measures the indicated carrier beyond the DRX/paging cycle. I.e. we do not expect the UE to wake up and perform measurements beyond the DRX/paging cycle. 
The purpose of making the idle mode measurements early available for the network is to enable early SCell setup. Therefore, it is necessary to ensure a minimum accuracy of the reported measurement to ensure that the network is having reliable results for determining when to utilize a given reported SCell. Otherwise, the network may configure an SCell under the wrong conditions. 
Observation 9: Reported results are used for connected mode operations.
Proposal 5: Minimum accuracy requirements should be introduced to the early reported results.
As minimum we would expect that the number of measurement samples used for the reported results should be increased beyond current minimum of 2 samples. As the measurement results are going to be used in Connected mode it would seem reasonable to use a similar number of measurement samples as in connected mode – i.e. assume that a minimum of 5 samples are used for averaging. Averaging over 5 samples instead of 2 samples for a given SCell in idle mode is not be expected to increase UE complexity significantly.
Proposals 6: Reported measurement results on indicated carriers are based on 5 samples averaging.
Using 5 measurement samples for averaging e.g. RSRP, enables better measurement accuracy performance. Currently, UEs in connected mode are assumed to use 5 samples in the measurement average, and the measurement accuracy requirements are developed based on such assumption. This is also a fact for UE’s in connected with DRX. In connected mode RAN4 has already defined accuracy requirements for UE’s with longer DRX cycles, which are of same length as the idle mode paging cycles. Main difference is the number of samples used for averaging.
Proposal 7: Develop Idle mode accuracy requirements for indicated carriers based on 5 samples.
We expect that a similar accuracy would be achievable in idle when using 5 measurement samples in averaging as what can be achieved in connected mode. As the Idle mode DRX/paging cycles are similar to the longer DRX cycles in connected mode DRX, it should be feasible to reach similar accuracy as in connected mode (assuming same conditions).
Proposal 8: Accuracy requirements for indicated carriers use connected DRX requirements as baseline.

4	Conclusions
In this paper, we went one step further in analysing the system performance of the euCA feature – focusing on the discussion where the UE performs additional idle mode measurements. The UE requirements for the IDLE mode measurement and how they could be defined was also discussed. We observe and propose:
Observation 1: There is a power consumption impact from UE performing additional measurements compared to legacy.
Observation 2: Extra measurements are not intended to be performed continuously in idle mode.
Observation 3: A significant improvement in the overall UE power consumption can be achieved by enabling faster SCell setup. 
Observation 4:  Performing extra measurements in Idle mode, enabling shorter SCell setup, improves UE overall power consumption.
Observation 5: There is a clear benefit in the effective throughput from providing measurements early to network, reducing SCell activation delay.
Observation 6: Reduced SCell activation provides significant gains in UE throughput.
Observation 7:  Having a higher energy efficiency of the small cell transmission, a reduced SCell delay reduces the UE power consumption in connected mode with 20% to 30%.
Proposal 1: Introduce extra measurement on specific carrier as indicated by network. 
Proposal 2: UE performs the extra measurements during a limited predetermined time.
Proposal 3: The measurement duration should be indicated by the network.
Proposal 4: Send LS to RAN2 informing about these findings and introduce the necessary signalling support.
Concerning UE minimum requirements:
Observation 9: Reported results are used for connected mode operations.
Proposal 5: Minimum accuracy requirements should be introduced to the early reported results.
Proposals 6: Reported measurement results on indicated carriers are based on 5 samples averaging.
Proposal 7: Develop Idle mode accuracy requirements for indicated carriers based on 5 samples.
Proposal 8: Accuracy requirements for indicated carriers use connected DRX requirements as baseline.
In [7] we have provided an LS.
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Annex A: Simulation parameters
Table 1 General parameters
	[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
	3, 30 km/h

	UE deployment
	Uniform in hexagonal grid

	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 3 as per TR 36.814 [2]

	FTP file size
	0.5 MB

	Offered load 
	Varied ( 8, 12, 16, 20 Mbps per macro area)

	Scheduler
	Proportional fair

	SCell detection + measurement + configuration delay + SCell activation delay
	50, 100, 200 or 500 ms (Reference: 500ms case)

	SCell configuration 
	A4, RSRQ threshold -17 dB

	Number of UEs/macro
	40

	Simulated packet inter-arrival rates (translates to different offered loads)
	20s (8Mbps Offered load), 13.3s (12 Mbps OL), 10s (16Mbps OL), 8s (20Mbps OL)

	RRC Release timer
	50 ms






SCellDelay: 50	8	12	16	20	9.1539831249999999	15.461631875	23.970491249999995	33.674947499999995	SCellDelay: 100	8	12	16	20	9.5614693749999997	16.413708750000001	25.434726875000003	35.980435	SCellDelay: 200	8	12	16	20	10.37823625	18.26796375	28.430172500000001	39.850516250000005	SCellDelay: 500	8	12	16	20	11.6991815	23.0144725	36.230140000000006	50.403537499999999	Offered load [Mbps/macro]


UE power consumption [mW]




SCellDelay: 50	8	12	16	20	13.876873125000001	27.862786250000003	44.802353124999996	68.530551875	SCellDelay: 100	8	12	16	20	14.496065625	29.275816875	47.183959375000001	71.337588124999996	SCellDelay: 200	8	12	16	20	16.4731725	32.946026250000003	52.237391250000002	77.524171875000008	SCellDelay: 500	8	12	16	20	20.165167500000003	39.816884999999999	59.209924999999998	86.715824999999995	Offered load [Mbps/macro]


UE power consumption [mW]




Relative UE power saving 
Reference case: SCellDelay 500ms

SCellDelay: 50	8	12	16	20	21.755354210035975	32.817787264079158	33.838259388453942	33.189317317261718	SCellDelay: 100	8	12	16	20	18.272322085096295	28.680925665361212	29.796774522538421	28.615258403242034	SCellDelay: 200	8	12	16	20	11.290920223778043	20.624017126614568	21.528946617374384	20.937064685191974	SCellDelay: 500	8	12	16	20	0	0	0	0	Offered load [Mbps/macro]


[%]




Relative UE power saving 
Reference case: SCellDelay 500ms

SCellDelay: 50	8	12	16	20	31.18394317825528	30.022686983173084	24.333035171046074	20.971112394998258	SCellDelay: 100	8	12	16	20	28.113338880026667	26.473864354280852	20.310725988928375	17.73406050741027	SCellDelay: 200	8	12	16	20	18.308774276236495	17.25614334220268	11.775954369136588	10.599741310193368	SCellDelay: 500	8	12	16	20	0	0	0	0	Offered load [Mbps/macro]


[%]
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Operation Latency (approx.)
RA (RAP+RAR) + RRC Connection Request 20 ms
RRC Connection Setup 25 ms
Security Mode Command + 30 ms

RRC Connection Reconfiguration

SCell —

Neighbor cell measurement period (inter-f)

480 ms (x N frequency layers)

Measurement report

15 ms + event triggering

SCell Configuration

30 ms

SCell Activation

30 ms
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