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1
Introduction
In this contribution we study the performance of measurements for deactivated component carriers with the help of initial dynamic system simulations. The RAN4 ad hoc meeting in Bratislava agreed simulation assumptions for this type of simulation studies in [1], and some further modifications we’re agreed in Madrid [2]. We have performed our simulations according to the agreed simulation assumptions. The detailed simulation assumptions are also listed in the Annex of this contribution. 
2
System simulation results for measurements of deactivated SCells
We have done simulations based on the revised simulation assumptions as detailed in [2] (which were based on [1], with some additions). The simulated scenarios were Scenario 2, Scenario 3 and Scenario 3_1, shown in table below. These simulations are similar to the ones in [3] except that finite buffer traffic model was used instead of infinite buffer traffic model.
	#
	Description
	Example

	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to provide throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	
[image: image1.emf]

	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
	
[image: image2.emf]

	3_1
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. Mobility is based on F1 coverage. F1 = {800 MHz} and F2 = {800 MHz} adjacent component carriers.   
	
[image: image3.emf]


Table 1. Simulated Carrier Aggregation Scenarios 
In the simulations we especially focus on investigating whether and how different UE measurement intervals and measurement periods of deactivated carriers affect end-user and system performance. By simulating different UE measurement intervals we are able to better understand what kind of impact less frequent UE measurements of deactivate carriers may have on the system and end-user performance.  Since in the agreed simulation assumptions the measurement period is extended proportional to the L1 measurement interval, some delays in the measurement reporting with longer L1 measurement intervals could be obtained by shortening the measurement period relative to the selected L1 measurement interval. The measurement periods used in these simulations are listed in Table 2 below.
	L1 measurement interval [ms] 

(=corresponding DRX cycle [ms])
	L1 Measurement period [ms]

(=5*L1 measurement interval)

	40 (= no DRX)
	200

	80
	400

	160
	800

	320
	1600

	512
	2560

	640
	3200

	1280
	6400


Table 2. Simulated L1 measurement periods 
We use the following definitions for statistics throughout the document:
	Statistics
	Description

	User throughput
	Distribution, one sample collected from each UE:

 Throughput over the whole call, i.e. received bytes / call length

	Document delay
	Distribution, several samples collected from one UE:

 Delay from the moment a burst arrives at the buffer to the moment the buffer becomes empty

	SCell activation time
	Distribution, one sample collected per simulated UE: 

The total time SCell was in activated time divided by the call length

	Handovers / call
	Number of handovers during the simulation divided by the number of call in the simulation

	RLFs / call
	Number of RLFs divided by the number of calls in the simulations


Table 3. Definitions of Collected Statistics
2.1 Reference Scenario without Carrier Aggregation
In the simulation assumptions it was agreed that a reference case would be needed to determine the thresholds for the events A1/A2. In the figure below we show our results in the reference case where no carrier aggregation is included in the simulations. The measurement period used in the reference case is 200 ms.
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Figure 1. Determining the A1/A2 thresholds for the simulations
It was agreed that RSRP thresholds for A1 and A2 events would be 10th and 5th percentiles of RSRP distributions (correspondingly).Figure 1 shows how the thresholds have been determined from the RSRP distribution: The thresholds that should be used in the simulations are -102 dBm (A2) and -99dBm (A1). These are also summarized in Table 4.
	5th percentile RSRP: A2 threshold
	10th percentile RSRP: A1 threshold

	-102 dBm
	-99 dBm


Table 4. A1/A2 thresholds for CA simulations
The thresholds in Table 4 have been used in all of the carrier aggregation simulations presented in this document. The parameters for the simulations are as agreed in [2].
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Figure 2 User throughput & document delay, Reference case (no CA), finite buffer
Figure 2 shows the user throughput and document delay for the reference cases. As a comparison, Figure 3 shows the comparison of user throughput from finite buffer and infinite buffer case(s). The comparison shows that with finite buffer and 10 UEs/cell, the user throughput is very similar to the user throughput of infinite buffer with 10 UEs/cell.
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Figure 3 User throughput, Reference case (no CA), infinite buffer

2.2 Simple Comparison of Mobility Performance between the scenarios
The compare the mobility performance, we present the amount of handovers and RLFs for the Scenarios 2, 3 and 3_1. In Figure 4 and Figure 5, the amount of handovers for 3km/h and 50 km/h are shown, divided into intra-frequency and inter-frequency handovers. Similarly, in Figure 6 the amount of RLFs for 50 km/h is shown for cases with 1 UE/cell and 10 UEs/cell. With 3 km/h, there were practically no RLFs (<10 RLFs/simulation, very low statistical significance), so the 3 km/h RLF results are not shown.
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Figure 4 Amount of Handovers, 3 km/h, Scenario 2 vs. Scenario 3 vs. Scenario 3_1
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Figure 5 Amount of Handovers, 50 km/h, Scenario 2 vs. Scenario 3 vs. Scenario 3_1

Figure 4 and Figure 5 show the amount of intra- and inter-frequency handovers in the simulations, with the lines showing the reference amount of handovers in the no CA reference case. The following observations can be easily made from these results:
· Intra frequency handovers are rarer in CA scenarios 3 and 3_1 than in the reference case without the carrier aggregation: This is because there are more inter-frequency handovers due to the scenario topology.
· In scenario 3 and 3_1, the total number of handovers however increases since there are many inter-frequency handovers instead
· For 3 km/h, In Scenario 3 and 3_1, the number of inter-frequency handovers decreases when the SCell measurement period increases
· In scenario 2, inter-frequency handovers have been disabled, and the number of handovers stays at a similar level compared to the reference case. 
· According to [2], all UEs initially begin by using CC 0 as the PCell frequency: This means that in Scenarios 3 and 3_1, the chosen PCell may not be the best cell, which also increases the amount of inter-frequency handovers.
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Figure 6 Amount of RLFs for 50 km/h, Scenario 2 vs. Scenario 3 vs. Scenario 3_1, 1 UE/cell vs. 10 UEs/cell
To assess how the measurement period affects possible problem situations, Figure 6 compares the amount of RLFs occurring with different eNB load and different L1 measurement periods:
· Only 50 km/h RLFs are shown: This is because in 3km/h cases there are basically no RLFs at all (in absolute number, <10/simulation, which statistically insignificant)
· In the 50km/h cases, the number of RLFs per call is actually reduced when compared to the reference case without the CA
· This is because the inter-frequency handovers tend to improve the situation in Scenario 3 and 3_1, and in Scenario 2, there is less interference as some of the PCell traffic is “offloaded” to SCell instead.
· The amount of RLFs depends on the SCell measurement period: The longer the period, the more RLFs happen, and the close the performance gets to the reference case.
Overall assessment of mobility performance: The handover performance of the scenarios shows that due to increased possibility of inter-frequency handovers, the amount of handovers increases somewhat. However, the RLFs are typically reduced by CA: This is because having CA makes it more probable that UE is connected to the strongest possible cell at all times. Increasing the measurement period does seem to cause increase in RLF probability, but the performance is still better than with CA in all scenarios.
2.3
Comparison of SCell Activation Performance
In this section we present the results related to time of SCell activation, i.e. for how long is the SCell activated in each scenario / with each UE speed / with each load. This shows both the possible power consumption effect due to 2 activated CCs and the effect to throughput due to load: Since the SCell activity is tied to data in buffer, the smaller throughput a UE gets, the longer time the UE has CA activated n average (provided the CA is good enough to be activate-able).
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Figure 7 SCell Activation Time per Call, Scenario 2 
For scenario 2, the measurement interval affects the activation time quite logically: The larger the interval, the less often SCell is activated because it takes more time to be able to re-activate an SCell after it has been deactivated. Similarly, the amount of users/cell affects how many users get the opportunity for CA: The more users, the more probable that some users require CA, so with 10 users/cell, several users can utilize CA often (even if they do get lower throughput overall!). This is the same effect as seen in other evaluations: CA is mostly useful for increasing peak data rates when there are few users: When the amount of users increases, the benefits are lost and it would actually be better to have each user use only a single CC, since the scheduling gain from CA starts to disappear.
The situation is Scenarios 3 and 3_1 is almost exactly the same. Hence, only the Scenario 3_1 results are shown in Figure 8: In Scenario 3, SCell is activated more often than in Scenario 2 because of the scenario layout. With Scenario 3, it is more probable that a UE is in a situation where CA is possible. We see that with 10 UEs/cell, the situation becomes similar to the one in Scenario 2.
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Figure 8 SCell Activation Time per Call, Scenario 3_1

Assessment of the CA activation time: The overall conclusion from these is that having CA configured can cause quite a clear power consumption effect with high load in the network, as even with the bursty traffic used here, the users may quite often have 2 CCs activated. Also, it seems that the L1 measurement period has only a very minor effect to the activity time with low load, but with higher load, the longer measurement period actually prevents some users from utilizing the second CC.

2.3
Comparison of User Throughput
Since the FTP finite buffer traffic model is based on bursts happening with random intervals, it makes no sense to consider both the call throughput (over all the bursts) as well as the document throughput (i.e. throughput over one burst), to showcase how much the measurement period has impact on the activation delay. In this section we show the user throughput for Scenarios 2 and 3_1 for each UE speed and low/high load. 

NOTE: Only Scenario 2 and 3_1 results are shown because the results of Scenario 3 and 3_1 are very similar, and the same conclusions apply for both.
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Figure 9 User throughput & document delay, 1 UE/cell, Scenario 2 
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Figure 10 User throughput & document delay, 1 UE/cell, Scenario 3_1

Figure 9 and Figure 10 show the total call throughput distribution and the document delay distribution for the case with 1 UE/cell for Scenarios 2 and 3_1. Based on the call throughput, the SCell measurement period shows practically no effect for Scenario 2, but for Scenario 3_1, increasing the SCell measurement period causes some degradation in peak throughput. This is evidenced also in the document delay distribution: The document delay tells how long it takes for the whole burst to be transmitted successfully, and it is visible in both cases that the measurement period does have a slight impact, i.e. the longer the measurement period, the longer the average document delay (hence, the lower the burst throughput). 
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Figure 11 User throughput & document delay, 10 UEs/cell, Scenario 2
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Figure 12 User throughput & document delay, 10 UEs/cell, Scenario 3_1

Figure 11 and Figure 12 show the throughput and delay distributions for more highly-loaded case, i.e. 10 UEs/cell. The SCell measurement period has a slightly larger impact to user throughput in this case, but the overall throughput still remains rather stable even with the longest SCell measurement period. However, the document delay shows two things: First, the delay is clearly larger than with 1 UE/cell, and the behaviour of the system is getting closer to the infinite buffer traffic since some UEs are not able to transmit the whole burst successfully before the next arrives. Second, the SCell measurement period impact is more obvious in both scenarios: There are more users with larger document delay, meaning that the burst throughput is getting worse. However, the reason why this is not visible in the overall throughput is that the same user may have difference behaviour with different bursts: A burst may take longer to transmit, which keeps the SCell active until the next burst arrive, which means there is no activation delay for that burst. Thus, that burst may be successfully transmitted very fast, giving the UE more time to be idle before the next burst arrives, smoothing the throughput for the user. Thus, it might not always even make sense to have the SCell active when there are several users in the cell.

The reason why the document delay does not affect the overall user throughput is because the overall call delay only depends on the delay for the last burst: Even if the initial bursts of the call suffer from more delay, the reading times with the FTP traffic model are rather long, and only if the last burst is delayed does the effect begin to be visible in the user throughput. 
Assessment of throughput results: The SCell measurement period does have an impact on the burst throughput since the longer the measurement period, the more time activation takes. However, when load is increased, the SCell measurement period starts to have some impact on the burst throughput, i.e. a single burst can suffer from larger delay with larger SCell measurement period.
3
Conclusion
In this contribution we have presented our initial dynamic system simulations for the measurements of deactivated component carrier especially with different L1 measurement interval and measurement periods. Based on the results, it appears that the measurement periods from 800 ms to 3200 ms (or even up to 6400 ms) could be considered as candidates for SCell measurement performance requirements. We present further considerations on how the requirements might be defined by RAN4 in [6].
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Annex: Simulation Assumptions

Main simulation parameters
	Feature/Parameter
	
	Value/Description

	eNB configuration


	Operation Bandwidth
	5 + 5 MHz (Two CCs, 5 MHz BW each)

	
	Coverage layer Frequency
	800 MHz

	
	Capacity layer Frequency
	2 GHz / 800 Mhz for Scenario 3_1

	
	eNodeB tx Power
	43dBm per CC for 5 MHz

	Physical layer parameters
	IFFT/FFT length
	512 for 5 MHz

	
	Duplexing
	FDD

	
	Number of sub-carriers / CC
	300 for 5 MHz, 600 for 10 MHz

	
	NW synchronicity
	Synchronous NW

	
	Sub-carrier spacing
	15 kHz

	
	Resource block bandwidth
	180 kHz

	
	Sub-frame length
	1 ms

	
	Number of symbols per TTI
	14

	
	Number of data symbols per TTI
	11

	
	Number of control symbols per TTI
	3

	Simulation Scenario
	Carrier aggregation deployment scenario 2
	2*57 cell (i.e. 19 sites with 3 cells each on both CCs) macro scenario

	
	Macro cell ISD
	500 m 

	
	Penetration loss
	20 dB

	
	UE speed
	3, 50 km/h

	
	Traffic model
	The FTP traffic model 2 (i.e. fixed size bursts, time between bursts exponentially distributed, fixed number of users) from 3GPP TR 36.814 (section A.2.1.3.1))

	
	Multipath delay profile
	TU

	
	UE receiver
	2RX MRC

	
	Antenna pattern (horizontal)
(For 3-sector cell sites with fixed antenna patterns)
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	UE tx power
	23 dBm (200 mW)
(This corresponds to the sum of PA powers in multiple Tx antenna case)

	Propagation formula
	Distance-dependent path loss 
	L=I + 37.6log10(.R), R in kilometers

I=128.1 for 2GHz,   I=119.7 for 800MHz 

	Shadowing: 

Similar to UMTS 30.03, B 1.4.1.4 

[ ETSI TR 101 112]

	Standard deviation
	8 dB

	
	Correlation distance
	50 m

	
	Correlation between sites
	1.0

	
	Correlation between cells
	0.5

	
	Correlation between carriers
	1.0

	Interference modelling
	
	DL: Explicit modelling else cell power = Ptotal

	
	
	


Measurement and mobility parameters
	Feature/Parameter
	
	Value/Description

	RSRP/RSRQ measurement parameters
	Measurement Bandwidth (for all cells)
	6 PRBs

	
	Measurement Interval and Measurement Period for PCell

Measurement Interval and Measurement Period for SCell

L3 filtering
	40ms, 5 measurement samples, i.e. 200 ms filtering

{40, 80, 160, 320, 640 or 1280 ms}, 5 measurement samples, i.e. {200 ms, 800 ms, 1600 ms, 3200 ms or 6400 ms} filtering

fc0 (i.e. no filtering) or fc4

	PCell mobility

(i.e. events that trigger a handover)
	Intra-frequency A3:

Offset/TTT/Hysteresis

Inter-frequency A3 for Scenario 3:

Offset/TTT/Hysteresis
	3 dB / 256 ms / 1 dB

3 dB / 512 ms / 2 dB

	SCell activation/deactivation triggers (i.e. events that trigger whether SCell can be activated or should be deactivated)
	Activation: A1 for SCell

Threshold / TTT / Hysteresis

Deactivation: A2 for SCell
	RSRP distribution 10%ile / 320 ms / 0dB

RSRP distribution 5%ile / 320 ms / 0dB

	SCell change (i.e. which events trigger SCell configuration change)

NOTE: SCell can only be changed if the target cell belongs to the same eNB
	Intra-frequency A3:

Offset/TTT/Hysteresis
	3 dB / 256 ms / 1 dB

	RLM parameters (i.e. parameters determining when RLF occurs)
	Qout [Es/Iot]

Qin  [Es/Iot]
	-8 dB

-4 dB

	Handover delays
	Preparation delay

Execution delay

Measurement report

HO command
	50 ms

30 ms

UL not considered in these simulations
Modelled and sent as RRC message

	Cell identification thresholds (i.e. cell is detected when RSRP and Es/Iot are over the given thresholds)
	RSRP threshold

Es/Iot threshold
	-124 dBm (800 MHz) / -127 dBm (2 GHz)
-6 dB
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