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1
Introduction
In RAN2, the need for MAC activation/ deactivation is now under debate [1]. The purpose of having MAC activation/ deactivation seems to be roughly two-fold:
1. Setting activation / deactivation in accordance with changes in data activity for battery saving.
2. Setting activation / deactivation in accordance with changes in radio condition to avoid frequent RRC reconfiguration (referred to as “loose management” of Scells).

The initial motivation when MAC activation/ deactivation concept was brought to RAN2 was regarding the first aspect. However, some companies have been proposing the usefulness of MAC activation/ deactivation for the second aspect as well. This contribution presents simulation results to discuss the second aspect.
2
Simulation assumptions
System level simulations were performed based on assumptions in [2] for the deployment scenarios #1 and #3 in [3]. The detailed simulation parameters are listed in Annex A.
2.1
CC management policy
Two types of CC management policies were compared, namely “loose management” and “tight management”.
1. “loose management”
This management policy aims at minimizing the frequency of RRC reconfiguration for CC management. A UE is always configured with an Scell regardless of its radio condition, and A1/ A2-SCC are used to maintain a state in the eNB whether activation of the Scell is possible. If A1 has been reported, the Scell is considered as eligible for activation, and the Scell is activated/ deactivated by the eNB depending on data activity (although the activation/ deactivation MAC control part was not modelled in the simulations). The PCC layer is fixed to reduce the frequency of RRC reconfiguration.
For this type of management, the following event triggers for measurement reports (MRs) are assumed to be configured:

· Event A3-PCC – for intra-frequency Pcell change (handover) within the PCC which is fixed. The hysteresis is set to 3 dB.

· Event A3-SCC – for intra-frequency and intra-eNB change of Scell. The hysteresis is set to 3 dB. Note that any A3-SCC event reported by the UE is ignored by the eNB, if the reported PCI is of an eNB different from that of the Pcell.

· Event A1-SCC – to determine whether Scell can be activated. The threshold is set to -125 dBm (the value is set based on Qrxlevmin + margin). If this MR has been reported, the Scell is considered as eligible for activation.
· Event A2-SCC – to determine whether Scell can be activated. The threshold is set to -130 dBm (the value is set based on Qrxlevmin). If this MR has been reported, the Scell is considered as not eligible for activation.
2. “tight management”
This management policy aims at optimising the CCs to be used by the UE in terms of radio condition dynamically and aggressively by RRC. This policy adds only high quality Scell and removes when the quality of Scell becomes worse compared to the Pcell quality. The PCC layer is also dynamically changed depending on radio condition. Therefore, inter-frequency Pcell change also takes place.

· Event A3-PCC (intra-frequency) – for intra-frequency Pcell change (handover) within the PCC. The hysteresis is set to 3 dB.
· Event A3-PCC (inter-frequency) – for inter-frequency Pcell change (handover). The hysteresis is set to 3 dB.
· Event A3-SCC (intra-frequency) – for intra-frequency and intra-eNB change of Scell. The hysteresis is set to 3 dB. Note that any A3-SCC event reported by the UE is ignored by the eNB, if the reported PCI is of an eNB different from that of the Pcell.

· Event A3-PCC (inter-frequency) – for Scell addition. This event is triggered when an inter-frequency cell becomes offset better than the Pcell. The offset is set to -3 dB relative to the Pcell.
· Event A3-PCC (inter-frequency, leaving) – for Scell removal. This event is triggered when an Scell becomes offset worse than the Pcell. The offset is set to -6 dB relative to the Pcell.
The main differences between loose and tight management are whether the PCC is fixed or not, and how Scell addition/ removal is controlled.
2.2
Evaluation criteria

The following quantities were measured for evaluation:
1. Frequency of transmitted MRs per UE
2. Frequency of RRC reconfigurations per UE
RRC reconfiguration was assumed to occur when Scell addition, Scell removal, Scell change (intra-eNB, intra-frequency) or Pcell change (intra- or inter-eNB, intra- or inter-frequency) takes place. Note that upon Pcell change, Scell was also updated to a more appropriate cell, if available. If both Pcell and Scell were changed within the same procedure, the number of RRC reconfigurations was counted as a single event.
3
Simulation results
Figure 1 shows the simulation results for deployment scenario #1. In case of scenario #1, the type of CC management, loose or tight, did not make notable difference in the number of MRs and RRC reconfigurations. In both management schemes, Pcell change and Scell change were the dominant factors in RRC control, and Scell addition/ removal almost never took place. This is since the cell deployment is homogeneous for the two CCs in scenario #1, and the overlaying cells have nearly the same quality. Hence, in deployment scenario #1, loose management does not provide benefit in terms of reducing RRC overhead.
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(a) Number of transmitted MRs per UE [1/s]           (b) Number of RRC reconfigurations per UE [1/s]

Fig.1  Simulation results for scenario #1.
Figure 2 shows the simulation results for deployment scenario #3. In case of scenario #3, the amount of Pcell change is increased by a factor of about 1.5, when tight management is applied. This is since tight management aggressively tries to update the Pcell to the best cell among both CCs, and the difference comes from the number of inter-frequency Pcell change. Moreover, as expected, with tight management, Scell addition/ removal also take place, contributing to the higher overall number of RRC reconfigurations. However, the number of Scell change (horizontal replacement) is smaller. This is since the duration when Scell is configured is considerably shorter with tight management. The ratio of duration when Scell is configured was approximately 58% with tight management, while the ratio was over 99% with loose management.
Overall, in scenario #3, tight management produced about 1.5 times more MRs and resulted in nearly double the amount of RRC reconfigurations, compared to loose management. However, this difference is not considered as significant in practice, since the number of UEs configured with CA is anyway not expected to be very big. As discussed in previous meetings, CA is most effective to boost user throughput when the number of UEs in the system is rather low. Moreover, even with loose management, the eNB will have to configure dedicated resources (PUCCH and SRS resources) upon activation, if those resources have been released or were clashing with another UE. Hence, the overall difference in RRC overhead is expected to be less in practice.
From these analyses, loose management should not be considered as a motivation to keep MAC activation/ deactivation.
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Fig.2  Simulation results for scenario #3.

4
Conclusions

System level simulations were performed to evaluate the RRC overhead caused by different CC management schemes. The so called “loose management” and “tight management” were compared. Simulation results showed that in case of homogeneous CC deployment (scenario #1), the number of MRs and RRC reconfigurations do not change significantly when loose or tight management is applied. In case where CCs have different sector beam directions (scenario #3), the number of RRC reconfigurations becomes nearly twice when tight management (with aggressive Pcell change and Scell addition/ removal) is applied, compared to loose management. However, considering that CA is expected to be applied only when the number of UEs in the system is rather low (to achieve user throughput gains), this level of overhead is not considered to be remarkable.

Hence, frequency of RRC reconfiguration should not be a concern and this should not be used as an argument for having MAC activation/ deactivation. The need for MAC activation / deactivation should be discussed purely from the viewpoint of battery saving depending on data activity.
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 Annex A. Basic system simulation assumptions
	Feature/Parameter
	
	Value/Description

	PCC/SCC configuration
	Operation Bandwidth
	5 + 5 MHz (Two CCs, 5 MHz BW each)

	
	Carrier Frequency
	(F1 = 2 GHz, F2 = 2 GHz)

	
	eNodeB tx Power
	43 dBm per CC

	Physical layer parameters
	IFFT/ FFT length
	512

	
	Duplexing
	FDD

	
	Number of sub-carriers/ CC
	300

	
	NW synchronicity
	Asynchronous NW

	
	Sub-carrier spacing
	15 kHz

	
	Resource block bandwidth
	180 kHz

	
	Sub-frame length
	1 ms

	
	Number of symbols per TTI
	14

	Deployment scenario
	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sector/ cell site

	
	Macro cell ISD
	500 m

	
	Antenna pattern (vertical)
	10-degree vertical beam width and 15-degree electrical downtilt

	
	Antenna pattern (horizontal)
	70-degree horizontal beam width

	
	Deployed scenario[3]
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Scenario #1
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Scenario #3

	Propagation parameters
	Distance-dependent path loss formula
	2 GHz: 128.1 + 37.6 log10(r)

	
	Penetration loss[4]
	9 dB

	Shadowing
	Standard deviation[4]
	5 dB

	
	Correlation distance
	50 m

	
	Correlation between sectors
	1.0

	
	Correlation between eNBs
	0.5

	
	Correlation between layers
	1.0

	Channel profile
	Multipath delay profile
	TU

	
	UE Speed
	50 km/h

	
	Receiver
	2 Rx MRC

	RSRP measurements
	Measurement Bandwidth
	25 RBs

	
	Measurement Interval
	40 ms

	
	Measurement Period
	5 measurement samples

	
	L3 Filter Coefficient
	4

	RRC parameters/ messages
	Time-to-Trigger (TTT)
	400 ms

	
	Measurement Report
	TBS = 224 bits, R = 0.47

	
	HO Command
	TBS = 448 bits, R = 0.29

	
	HO Complete
	TBS = 104 bits, R = 0.48

	Other parameters
	Simulation time
	1000 s (100 UE)

	
	Traffic load
	1.0 (full load)








































































































































































































