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1
Introduction
In the last RAN4 meeting #56, several simulation results based on the assumptions [1] were provided and shown to present how much the measurement rate of de-activated SCell impacts system performance [2-4]. After the discussions to compare the results from each company during the meeting, it was seen that there are some misalignments of the assumptions among them so that it was suggested that further simulation works would be needed for the alignment. One of reasons for such misalignments was that each company had used different assumptions for traffic model. Therefore, it was agreed that the evaluation should be conducted in practical with certain traffic scenarios. 
On one hand, the image rejection issue was raised up in [5] when the PCell and SCell on adjacent carriers have a large power imbalance, especially in case where the de-activated SCell is larger than the PCell. Therefore, it was also suggested that it should additionally be analyzed how large power difference the UE could experience while the handover procedures which have been currently specified in the specifications are utilized. 
Based on the above discussions, the revised simulation assumptions have been proposed [6], where burst traffic model and the power difference between PCell and SCell for the metrics are added. It should be noted that the LS [7] from RAN2 was sent to RAN4 that the power difference would not occur utilizing the RRM strategies such as PCell changes, and releasing stronger SCell than the PCell, etc which are already specified in the specifications. In this contribution, further simulation results are presented to investigate the arguments above in terms of the de-activated SCell measurement rate, i.e. to define measurement requirements on de-activated SCells assuming the measurement interval, L1 filtering samples, and the power imbalance between PCell and SCell.
2
Simulation assumptions
Further system level simulations were basically performed based on the updated assumptions [6] to investigate mainly the mobility performance depending on de-activated SCell measurement rate taking into account finite traffic models and the power difference between PCell and SCell on adjacent carriers for the deployment scenarios #1 and new scenario #3_1, respectively. The assumptions in detail are presented in the followings and the other simulation parameters are listed in Annex A.

2.1 Deployment scenario
The scenario #1 and #3_1 were simulated and the carrier frequencies for each scenario are as follows:
· Scenario #1: F1 = 2 GHz, F2 = 2 GHz
· Scenario #3_1: F1 = 2 GHz, F2 = 2 GHz

Note: PCC is fixed on the one carrier frequency (= F1) in #1 and inter-frequency PCell changes utilizing the measurement reporting events are considered in #3_1.
2.2 Measurement related parameters
As agreed in [1] and currently evaluated in RAN4, the measurement period for PCells is assumed to be 200 ms and the measurement periods, 200 ms, 400 ms, 800 ms, 1600 ms, 3200 ms were analyzed for SCells to make handover decisions and handle CC managements such as inter-frequency PCell changes.
2.3 Triggered Event handling
The following event triggers for the mobility purposes and CC management in CA are assumed to be configured:
· Scenario #1:

· Event A3-PCC: for intra-frequency PCell change (handover) within the PCC which is assumed to be fixed in the simulations. The offset, hysteresis and TTT are set to 3 dB, 1 dB and 256 ms, respectively following the assumptions. It is noted that the carrier frequency of PCell is assumed to be fixed so that inter-frequency Pcell changes are not considered in the simulations.
· Event A3-SCC: for intra-frequency SCell change. The changes within the same eNB are only considered. The parameters are same as Event A3-PCC. If the reported cell on SCC does not belong to the same eNB as the PCell, it is not considered as a candidate for the SCell change.
· Event A1-SCC and A2-SCC: for the determination of whether SCell can be activated or should be de-activated, respectively. The threshold is set to 10 %-tile and 5 %-tile RSRP threshold as shown in Annex B.
· Scenario #3_1:
· Event A3-PCC and SCC: for intra-frequency PCell and SCell change (handover), and for inter-frequency PCell change. The intra-frequency PCell and SCell changes remain the same as scenario #1. The inter-frequency PCell change is additionally considered to conduct the carrier frequency change of the PCell. The offset, hysteresis and TTT are set to 3 dB, 2 dB and 512 ms, respectively as proposed in [6].
· Event A1-SCC and A2-SCC: for the determination of whether SCell can be activated or should be de-activated, respectively. The threshold is set to 10 %-tile and 5 %-tile RSRP threshold as shown in Annex B.
It is noted that all RRC messages were assumed to be sent and exchanged through the PCell only.
2.4 Traffic model and system load
For further studies on how much the frequency of the de-activated SCell measurements influence the mobility performance and user experience in a practical NW, as discussed and proposed in the last meeting, finite buffer models should be taken into account to satisfy the interests about the results for the cases where the SCell would be de-activated more since the buffers get empty relatively. In this simulation campaigns, Finite Buffer model 1, which is defined in the updated assumptions in [6], was evaluated with the parameters (X = 5, Y = 5 and P = 50).
2.5 Evaluation criteria
In order to facilitate the discussions on the measurement performance of deactivated SCells, the statistics of the followings were evaluated for each measurement period assumed for de-activated Scells in addition to the SINR distributions of the de-activated SCells which were studied in our previous contribution [4].
· The SINR distributions of SCells
· The SCell throughput distributions:

· document throughput: throughput over periods of activity, disregarding idle time
· call throughput: total throughput over the whole call
· PCell/ SCell received power difference (for Scenario 3_1 only):

· ∆RSRPinstantaneous = RSRPPCell_instantaneous – RSRPdeactivatedSCell_instantaneous
3 Simulation Results
3.1 The SINR distributions of SCells
Fig.1-2 show the SCell SINR CDF when the SCell is activated during the calls in scenario #1 and #3_1 respectively.
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Fig.1(a) UE velocity 3 km/h                           Fig.1(b) UE velocity 50km/h

Fig.1 SCell SINR distribution when being activated (Scenario #1)
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   Fig.2(a) UE velocity 3 km/h                           Fig.2(b) UE velocity 50km/h

Fig.2 SCell SINR distribution when being activated (Scenario #3_1)

As well as shown in our previous paper [4], even taking into account the finite buffer model, if the measurement period is longer than 800 ms, the SINR would be degraded from the results of Fig.1/ 2 (b) at middle speed. Therefore, it is still felt that the minimum measurement rate for the de-activated SCell should be smaller than 800 ms.
3.2 The throughput distributions

Fig.3-4 show the SCell document throughput distributions, i.e. throughput over periods of activity in scenario #1 and #3_1 respectively. Fig.5-6 show the SCell call throughput distribution, i.e. total throughput over the whole call in scenario #1 and #3_1 respectively.
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Fig.3(a) UE velocity 3 km/h                           Fig.3(b) UE velocity 50km/h

Fig.3 SCell document throughput distribution (Scenario #1)
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   Fig.4(a) UE velocity 3 km/h                           Fig.4(b) UE velocity 50km/h

Fig.4 SCell document throughput distribution (Scenario #3_1)
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Fig.5(a) UE velocity 3 km/h                           Fig.5(b) UE velocity 50km/h

Fig.5 SCell call throughput distribution (Scenario #1)
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   Fig.6(a) UE velocity 3 km/h                           Fig.6(b) UE velocity 50km/h

Fig.6 SCell call throughput distribution (Scenario #3_1)
From both document and call throughput distributions, it can be seen that the performance degradation would be occurred obviously by the longer measurement period than 800 ms. Therefore, it is still felt that the measurement period for de-activated SCells should be at least 800 ms only if significant gain of power saving with such long measurement periods can be obtained.
3.3 PCell/ SCell received power difference
Fig.7 shows the RSRP difference CDF between the PCell and de-activated SCell in scenario #3_1.
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   Fig.7(a) UE velocity 3 km/h                           Fig.7(b) UE velocity 50km/h

Fig.7 RSRP difference CDF between the PCell and de-activated SCell (Scenario #3_1)

From the results above, even in the Scenario #3_1 where it is expected that the power imbalance between the PCell and SCell would be large, it was found that only 25%-ile RSRP of the SCell would be larger than that of PCell and the difference is only within almost 5 dB. The results clearly indicate that the network could keep sufficiently low power imbalance between adjacent component carriers by utilizing the mobility procedures specified in the specifications. If the power difference above in the simulations which would be possibly expected in a practical NW is not noticeable from image rejection point of view, then the RF retuning should not be allowed since it would cause the interruption of PCell receiving toward to the performance degradation.
4
Views on SCell Activation/ De-activation and Glitch issues

Based on the above simulation results and the discussions so far, we provide our views on the SCell activation/ de-activation and the glitch issues as follows:
· The value range of the de-activated SCell measurement period should include 800 ms so that network could choose the option, in which better mobility performance could be obtained although the battery saving gain might be smaller than that for larger measurement periods.

· It is noted that the ratio of the glitch to the total sub-frames would be 3.75%, assuming 800 ms measurement period and 3 ms glitch size (See [8]). Packet drops due to such many glitches would significantly degrade the link quality, especially when essential packets, such as DCCH, MAC CE, VoIP, are dropped.

· It is confirmed by the simulation results that the network could keep sufficiently low power imbalance between adjacent component carriers by utilizing the mobility procedures specified in the specifications.

· If no clear justifications are provided in RAN4 ad-hoc 2010-04, it seems impossible to show clear indications of UE battery consumptions saving gains, because it is deeply implementation specific issue.

· Based on the above points, we strongly propose that the glitches due to SCell measurements should be prohibited. 
· It is also proposed that the RAN2 Stage 2 or Stage 3 specifications clearly state that the glitches due to SCell measurements should be prohibited.
· It is noted that we should have functional test cases in RAN5 instead of RAN4, if it is felt that some test cases are needed to verify no glitch behaviours.

5
Conclusions
In this contribution, further simulation results were presented for measurement performance requirements of de-activated SCells with due considerations to finite buffer model in a practical NW and the power differences between PCells and SCells. The PCell/SCell power differences were evaluated to investigate the impacts of the image rejection problem. We provide our views on SCell activation/ de-activation and glitch issues in Section 4. It is expected that the outcomes of the simulations would make progress on the evaluation of measurement requirements and specifications of de-activated SCells.
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Annex A. 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)
(F1 = 800 MHz, F2 = 2 GHz)

	
	eNodeB tx Power
	43dBm 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

	Simulation Scenario
	cellular layout
	Hexagonal grid, 19 cell sites, 3sector/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

	
	Multipath delay profile
	TU

	
	UE velocity
	3 km/h, 50 km/h

	
	Receiver
	2RX MRC

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

800 MHz: 119.7 + 37.6log10(r)

	
	Penetration loss
	20 dB/ 9 dB
(UE velocity: 3 km/h/ 50 km/h)

	Shadowing 
	Standard deviation
	8 dB/ 5 dB
(UE velocity: 3 km/h/ 50 km/h)

	
	Correlation distance
	50 m

	
	Correlation between sites
	1.0

	
	Correlation between cells
	0.5

	RSRP measurements
	Measurement Bandwidth
	25 RBs

	
	Measurement Interval
	PCell: 40 ms
SCell: 40, 80, 160, 320, 480, 640, 1280 ms

	
	Measurement Period
	5 measurement samples

	
	L3 Filter Coefficient
	4

	HO related parameters
	SCC activate-able threshold/ TTT/ Hysteresis
 (event A1)
	RSRP: -106.7 dBm/ -93.9 dBm as shown in Annex B

(UE velocity: 3 km/h/ 50 km/h)

	
	SCC non-activate-able threshold/ TTT/ Hysteresis
 (event A2)
	RSRP: -109.7 dBm/ -96.2 dBm as shown in Annex B

(UE velocity: 3 km/h/ 50 km/h)

	
	TTT/ Hysteresis
 (event A1, A2)
	320 ms/ 0 dB

	
	intra freq HO Offset/ TTT/ Hysteresis
 (event A3)
	3 dB/ 256 ms/ 1 dB

	
	inter freq HO Offset/ TTT/ Hysteresis
 (event A3)
	3 dB/ 512 ms/ 2 dB

	RRC message
	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)


Annex B. RSRP distribution
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*F2 is always 2GHz in this contribution.

The difference is caused by the difference of penetration and shadowing deviation parameters.






































































































































































































