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1 Introduction

In RAN4 2010 #AH03 meeting, the baseline simulation assumptions for measurements of deactivated Scells were given in [1]. Based on the baseline working assumption, in our previous contribution [2] and [3], we investigated and gave the simulation analysis for the measurements of deactivated carriers for CA Scenario 1, Scenario 2 and Scenario 3 in detail, respectively. 
Except for CA Scenarios 1-3, there are another two deployment scenarios, which can be utilized in heterogeneous networks, i.e., Scenario 4 and Scenario 5. In this contribution, we continue to investigate the measurements of deactivated Scells for CA in Scenario 4, which is described as Table 1 ([4]).  
Table 1.  CA deployment scenario 4

	#
	Description
	Example

	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to provide throughput at hot spots. 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 F2 RRHs cells can be aggregated with the underlying F1 macro cells.
	
[image: image1.emf]


Furthermore, the research purpose is to investigate the impacts of current different measurement cycles for deactivated Scells in CA Scenario 4, and give our proposal on how to make use of the configured measurement cycles.
2 Simulation Assumptions
In CA Scenario 4, the basic layout for the 19-sites scenario is adopted based on [5], and each site contains three sectors, i.e., a 19*3 deployment model. In each sector, two RRHs are deployed. Similar with [6], two different deployment methods for RRHs are taken into account, illustrated in Figure 1 and Figure 2, respectively. 
Deployment 1: RRHs are deployed in the center region of the sector
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Figure 1. CA Scenario 4 with Cell Center RRHs
(Two RRHs are deployed 100m away from cell center randomly in each sector)

· Deployment 2: RRHs are deployed in the edge region of the sector
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Figure 2. CA Scenario 4 with Cell edge RRHs
(Two RRHs are deployed 200m away from the cell center randomly in each sector)

As illustrated in Figure 1 and Figure 2, under the both two RRH deployment cases, assume that the carriers F1 and F2 are adjacent at 2 GHz band. Moreover, one PCell mobility configurations “enabled case” is taken into account, i.e., the UEs may perform inter-frequency handovers to change RRH as a PCell.
In the simulations, the 40ms, 80ms, 160ms, 320ms measurement cycles are adopted for deactivated Scells. Therefore, the measurement periods of deactivated Scells, which are defined as 5 measurement cycles, are utilized as 200ms, 400ms, 800ms, 1600ms for deactivated SCell measurements periods (SccMP). Furthermore, the normal measurement period 200ms is used for PCells and activated Scells. 

For the other simulation aspects, the details can be referred in [5], and our previous contributions [2] and [3]. The simulation parameters for measurement and mobility are listed in the Table 2 and Table 3 in Annex. 

3 Simulation Results
Based on the simulation assumptions, we focus on the performances in terms of spectral efficiency, radio link failure, total number of HOs, inter-frequency HO number and User throughput. 
3.1 Spectral Efficiency
Figures 3-6 illustrate the spectral efficiency performances from Macro Layer and RRH Layer under different cases when PccHOs is enabled. Note that, “Macro Layer spectral efficiency” means the statistical spectral efficiency on F1 spectrum. Similarly, “RRH Layer spectral efficiency” means that the statistical spectral efficiency on F2 spectrum. 

Compared with the 3km/h and 50km/h cases, it is obvious that spectral efficiency decreases as the UE speed increases, because the average quality of the link will be a little worse in higher speed. Compared with the spectral efficiency of Macro Layer and RRH Layer, the RRH Layer can obtain higher performance since the average SINR on F2 spectrum is higher than that on F1 spectrum due to the large coverage for F1. Moreover, it is obvious that there is little difference in terms of spectral efficiency compared with RRH center and RRH edge cases. With respect to the both Macro Layer and RRH Layer, the impact of the different SccMPs on the spectral efficiency under different cases is not significant. 
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Figure 3. Macro Layer Spectral Efficiency
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Figure 4. RRH Layer Spectral Efficiency
(Note:  3km/h, Full Buffer & PccHOs Enabled)
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Figure 5. Macro Layer Spectral Efficiency
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Figure 6. RRH Layer Spectral Efficiency
(Note:  50km/h, Full Buffer & PccHOs Enabled)
3.2 Radio Link Failure (RLF)
Figure 7 and Figure 8 show the average number of radio link failure performances when the RRH is deployed on cell edge and cell center, respectively. 
It can be seen that, RLF increases obviously when the speed increases. For the low speed scenario, i.e., 3km/h, the RLF is nearly 0 no matter where the RRHs are deployed. Moreover, the SccMP has little impact on the RLF. For the high speed scenario, i.e., 50km/h, it can be illustrated that the RLF of RRH edge case is little higher than that of RRH center case. The main reason is that the average SINR is better when the RRHs are deployed at the center region. 
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Figure 7. RLF performance (3km/h, PccHOs Enabled)
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Figure 8. RLF performance (50km/h, PccHOs Enabled)
3.3 Total Number of HOs
The total number of HOs under 3km/h and 50km/h scenarios are shown in Figure 9 and Figure 10, respectively. Note that the “per call” means a unit time length, and in our simulation, we assume the average call length is 50s.
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Figure 9. Total Number of HOs per call per UE

(3km/h, PccHOs Enabled)
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Figure 10. Total Number of HOs per call per UE
(50km/h, PccHOs Enabled)
Seen from Figure 9 and Figure 10, it is obvious that the higher speed is, the larger total HO number is. Compared with the RRH center case and RRH edge case, the total HO numbers of the two cases are nearly the same. For the 3km/h case, there is little impact on total number of HO under the different SccMPs. For the 50km/h case, the total HO number is fluctuated as the SccMP increases. However, the differences among these cases are not significant. 
3.4 Inter-frequency HO number
Figure 11 and Figure 12 illustrate the inter-frequency HO number performances under different speed cases. Compared with the RRH center case and RRH edge case, It is obvious that the inter-frequency HO number increases when the RRHs are deployed at the edge of the cell, because the lower SINR from F1 spectrum will trigger the more inter-frequency HO. When the UE is in low speed, i.e., 3km/h, the SccMP has little impact on the inter-frequency HO number, because the measured RSRP has not a big fluctuation difference under low speed case even if in 1600ms SccMP. When the UE is in high speeds, i.e., 50km/h, the inter-frequency HO number is fluctuated as the SccMP increases. The reason is that the measured RSRP will be different within the different SccMPs. Therefore, the inter-frequency HO may be implemented uncertainly. Furthermore, the impacts of different SccMPs on inter-frequency HO are not obvious.
[image: image12.png]w
2
5
g
®
g
:
g
2
2
£
5
H
o]
I
=
3
g
5
g
3
g
=
5
£

o
33

=4
o

o
o

o
b

o
w

o
N

o

Inter frequency HO number per call per UE(Scenario:4)

I SccMP:200

[CISccMP:800
I SccMP:1600

RRH:CellCenter

RRH:CellEdge

fyi01





Figure 11. Inter-frequency HO number per call per UE

(3km/h, PccHOs Enabled)
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Figure 12. Inter-frequency HO number (50km/h)
(50km/h, PccHOs Enabled)
3.5 User Throughput
Figures 13-20 illustrate the CDF curves of user throughput of different layers under the different speed. It can be seen that the SccMPs do not have significant impact on user throughputs either on both Macro Layer and RRH layer.
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Figure 13. Macro Layer user Throughputs
(3km/h, Cell center RRHs, PccHOs Enabled)
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Figure 14. RRH Layer user Throughputs
(3km/h, Cell center RRHs, PccHOs Enabled)
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Figure 15. Macro User Throughputs 
(3km/h, Cell edge RRHs, PccHOs Enabled)
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Figure 16. RRH User Throughputs 
(3km/h, Cell edge RRHs, PccHOs Enabled)
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Figure 17. Macro Layer user Throughputs

(50km/h, Cell center RRHs, PccHOs Enabled)
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Figure 18. RRH Layer user Throughputs
(50km/h, Cell center RRHs, PccHOs Enabled)
[image: image20.png]D py 10,111 60. 12 - BRAT

User throughput(Speed = 50 km/ )

— SccMP:200
— SccMP:400
— SccMP:800

— SccMP:1600





Figure 19. Macro User Throughputs 
(50km/h, Cell edge RRHs, PccHOs Enabled)
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Figure 20. RRH User Throughputs 
(50km/h, Cell edge RRHs, PccHOs Enabled)
4 Conclusion
In this paper, we investigate the measurement period impact on the deactivated Scells. Based on the analysis and simulation observations, the following proposals can be achieved:
Proposal 1: Compared with the different SccMPs, the SccMP has little impact on spectral efficiency, RLF, total number of HOs, inter-frequency HO number and User throughput aspects in CA Scenario 4. 
Proposal 2: In CA Scenario4, the configured measurement period of deactivated SCells, i.e., 200ms, 400ms, 800ms, 1600ms can be also utilized. Moreover, since the performances changes little under different SccMPs, the 1600ms SccMP may be preferred for the power saving consideration.
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6 Appendix 
Table 2. The Main Simulation Parameters

	Feature/Parameter
	
	Value/Description

	eNB configuration


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

	
	Coverage layer Frequency
	2 GHz

	
	Capacity layer Frequency
	2 GHz

	
	eNodeB tx Power
	43dBm per CC for 5 MHz

	
	RRH tx Power
	24dBm per CC for 5 MHz

	Physical layer parameters
	IFFT/FFT length
	512 for 5 MHz, 1024 for 10 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 4
	19 macro sites with 3 cells each  and 2 
RRHs per macro sector.

Two cases: 1) RRHs close to the macro cell center and RRHs close to macro cell edge

	
	Macro cell ISD
	500 m 

	
	Penetration loss
	20 dB

	
	UE speed
	3, 50

	
	Multipath delay profile
	TU

OR

3GPP Spatial Channel Model (SCM) [TR 25.996] can be used if MIMO is used

	
	UE receiver
	2RX MRC

OR

2x2 MIMO

	
	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 
	128.1 + 37.6 * log10 ( R ) for macro cells

140.7 + 36.7 * log10 ( R ) for RRHs 

R in kilometers

 [3GPP TR 36.814]

· 

	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 modeling
	
	UL: Explicit modeling (all cells occupied by UEs), 

DL: Explicit modeling else cell power = 
Ptotal


Table 3. 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, 400 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

Modeled and sent as RRC message

Modeled 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
	-127 dBm

-6 dB
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