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Introduction
In RAN4 Ad Hoc 2010 #3 meeting, the baseline simulation assumptions for measurements of deactivated carriers were given in [1]. Based on the defined simulation assumptions and performance metrics, this paper gives the corresponding simulation results. Based on these simulation results, two proposals are obtained.
Simulation assumptions

In this simulation, the following assumptions, trigger conditions and corresponding parameters are the same in [1].

◆ Basic layout for the 19-sites scenario (illustrated in Figure 0) 
◆ L1 measurement periods and cell identification parameters
◆ PCell Mobility configuration

◆SCell activation/deactivation triggers
◆ SCell management measurement events 

◆ Baseline traffic: Infinite buffer: 

◆ (Average) System loading
◆ Simple RR scheduler
◆ Shadowing: UMTS 30.03 shadowing model with 8 dB deviation, Correlation: 1.0 for the same site, 0.5 between different sites
◆ Handover and RLF modeling
Furthermore, in this simulation, the following items are defined more clearly in order for convenience of simulation.
◆ Ping-Pong Handover 
◆ HO failure
◆ RRC signaling 

Three RRC signaling are modeled, including “Measurement report”, “Handover command” and “Handover Complete”. The detailed definitions for the above items and the detailed suggestions in scenario 1, scenario 2 and scenario 3 are attached in annex 1[1].  For the simulation, all schemes and process follow the suggestions in [1]. Three simulation scenarios are given in annex 2. The detailed simulation parameters are provided in annex3.  The detailed simulation figures are given in annex 4. The related statistic methods for corresponding performances are given in annex 5.  

Simulation results and observations 
Based on the suggestions in [1], the detailed assumptions in annex 1, 2.3, the statistic methods given in annex 5, all performances are simulated in scenario 1, 2 and 3. All simulation figures are attached in annex4. Based on the figures, the following observations are obtained in the following.  
Observation 1:  By the means of observing from figure 1.1 to figure 1.4,  figure 2.1 to figure 2.4, figure 3.1 to figure 3.4 , it is found that in scenario 1, 2 and 3, there is no obvious impact of SCell measurement periods on SINR distribution per CC. However, when the speed increases, the corresponding SINR is reduced a little due to the impact of fast fading.  

Observation 2: By the means of observing the figure 1.5, 1.6, 2.5, 2.6, 3.5 and 3.6, it is found that in scenario 1, there is no obvious impact of SCell measurement periods on RLF per CC.  But, the faster the speed, the more the RLF number is. In scenario 2 and 3, for low speed (3km/h) and for F1, the same conclusion can be obtained. But in scenario 2 in F2, it seems no impact on RLF number because F1 is PCell.  But in the scenario3, when the SCell measurement is 3200ms, the RLF in F2 is obvious because longer measurement period can not track channel changing well. Then, the amount of error HO is increased. Then, RLF is increased. 

Observation 3: By the means of observing from figure 1.7 to figure 1.11, figure 2.7 to figure 2.11 and from figure 3.7 to figure 3.11, it is found that in scenario 1, 2 and 3, there is no obvious impact of SCell measurement periods on the amount total HO and intra-frequency HO.  And the intra-frequency HO failure rate is little because the speed is not high. In scenario 1 and 2, the amount of inter- frequency HO and HO failure are zero because there is no inter-frequency HO occurring. But in scenario 3, when SCell measurement period is longer, the inter-frequency HO number and HO failures is increased more.  This also results in the total amount of HO increasing with the increase of the SCell measurement period.

Observation 4: By the means of observing figure 1.12, 2.12 and 3.12, it is found that in scenario 1, 2 and 3, there is no obvious impact of different SCell measurement periods on ping-pong handovers. But, the faster the speed, the more the ping-pong handovers is. This is because high speed leads to more handovers. 
Observation 5: By the means of observing from figure 1.13 to figure 1.16, figure 2.13 to figure 2.16, figure 3.13 to figure 3.16, it is found that in scenario 1 and 2, there is no obvious impact of SCell measurement periods on carrier throughput distribution. And, when the speed is increased, the throughput is impacted. But in scenario 3, when the speed is high (50km/h) in F2, the longer SCell measurement period sacrifices edge UE throughput, which is impacts by RR schedule and infinite traffic model.  
Observation 6: By the means of observing from figure 1.17 to figure 1.18, figure 2.17 to figure 2.18, and figure 3.17 to figure 3.18, it is found that in scenario 1, 2 in the speed 3km/h and 50km/h, and in scenario3 in the speed 3km/h, there is no obvious impact of SCell measurement periods on UE throughput distribution. But In scenario3 in the speed 50km/h, it seems that longer measurement period brings more throughout. When the speed changes faster, the inter-frequency handover number is increased in scenario3. Then, more resources may be used for centre UEs because the traffic model of infinite buffer is assumed.  

Observation 7: By the means of observing from figure 1.19 to figure 20, figure 2.19 to figure 2.20, figure 3.19 to figure 3.20, it is found that in scenario 1, 2 and 3, when the speed is low (i.e. 3km/h), there is no obvious impact of different SCell measurement periods on SCell active time.  But, when the speed is high (50km/h), the longer the SCell measurement period, the shorter the SCell active time is.
Observation 8:  By the means of observing from figure 1.21 to figure 1.23, figure 2.21 to figure 2.23, figure 3.21 to figure 3.23, it is found that in scenario 1, 2 and 3, there is no obvious impact of different SCell measurement periods on spectral efficiency per CC per eNB. But, the speed has some impact on the spectral efficiency.
Observation 9: By the means of observing from figure 1.24, 2.24 and 3.24, it is found that in scenario 1 and 2, there is no obvious impact of SCell measurement periods on RRC messages per minute per UE.  But, the faster the speed, the more the messages are. But in Scenario 3, when the speed is low (i.e 3km/h), the same conclusion can be obtained with in scenario 1 and 2. But, when the speed is high (50km/h) and SCell measurement period becomes 3200ms, more RRC messages occurred because handover number is increased.  
Conclusions
Based on the analysis given in Section 3, we have the following proposals: 
Proposal 1: In scenario1 and scenario 2, the measurement period of deactivated SCell can be relaxed to 3200ms at least under the current simulation assumptions.  Under the other cases, the conclusion needs to be simulated more. 
Proposal 2: In scenario3, the measurement period of deactivated SCell can be relaxed to the value between 800ms and 3200 ms under the current simulation assumptions.  From the views of edge UE throughput, HO failure rate and RRC message load, the suitable relaxed periods is FFS. 
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Appendix
Annex 1: Topology 

· Network layout and ISD : 19 sites with 3 cells/site for each CC, ISD = 500 m

· The third tier of the scenario may be simulated only on the level of interference. See Figure 1 for more details how the scenario layout (for a single frequency layer) looks like.
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Figure0.  Basic layout for the 19-site scenario.  Statistics are collected from brown cells, UE may move within the green/brown cells and blue cells are only modelled as interference.
L1 measurement periods and cell identification parameters

· L1 measurement parameters for PCells and activated SCells: 40 ms measurement interval with over 200 ms window (i.e. 5 samples/window) 

· L1 measurement interval for SCells based on following DRX cycles: No DRX (i.e. 40 ms measurement interval), 80 ms, 160 ms, 320 ms, 640 ms, 1280 ms

· The corresponding measurement periods are 200 ms, 400 ms, 800 ms, 1600 ms, 3200 ms and 6400 ms

· Cell identification should be considered, i.e. only cells that are detectable can be measured by UE. Cell is detectable when its RSRP and Es/Iot are over given thresholds.

· Cell is considered to be detected if the RSRP level ≥ -127 dBm and Es/Iot ≥ -6 dB for a period of [5] measurement samples

· Cell is considered to be lost/un-detectable if the RSRP level ≤ [-130] dBm and Es/Iot ≤  [-9] dB for a period of [5] measurement samples

PCell Mobility configuration
1. Intra-frequency PCell change: When target cell (belonging to different eNB) becomes an offset stronger than current PCell, change PCell to target cell

a. Parameters: HO offset = +3 dB, hysteresis = 1 dB, TTT = 256 ms

2. Inter-frequency PCell change: When target inter-frequency cell becomes an offset stronger than current PCell, event, change PCell to target cell.

a. Parameters: HO offset = +3 dB, hysteresis = 2 dB, TTT = 512 ms

b. NOTE: This event is only needed for Scenario 3 and Scenario 4.

SCell activation/deactivation triggers: 
1. PCell is always the coverage layer at the beginning of simulation, i.e. F1 and all UEs have the SCell configured from the beginning of the connection. 

2. When UE has data in buffer, eNB activates SCell for the UE if possible (i.e. allowed by other conditions).
3. When UE’s buffer empties, wait for 200 ms and then deactivate SCell. (i.e. the deactivation timer is 200 ms long)
SCell management measurement events 
1. If SCell becomes better than [10%] RSRP threshold: SCell is activate-able 
a. TTT = 320 ms
b. No hysteresis
2. If SCell becomes worse than [5%] RSRP threshold: SCell becomes non-activate-able 
a. TTT = 320 ms
b. No hysteresis
3. Intra-frequency SCell change: When target cell becomes an offset stronger than current SCell, change SCell to target cell if it belongs to the same eNB. Otherwise, deactivate SCell.

a. Parameters: HO offset = +3 dB, hysteresis = 1 dB, TTT = 256 ms

SCell handling in case of PCell change/handover: 
1. If PCell is changed to other cell in same eNB, status of SCells is maintained

2. If PCell is changed to other cell in different eNB, all the the SCells related to the (source) eNB corresponding to the old PCell should be removed and consider that all Scells related to the new eNB corresponding to the PCell after the change that can be detected as candidates for activation/deactivation 
Traffic model and system load
· Baseline traffic: Infinite buffer: 

· Advanced model: Finite buffer with 1 Mbits packet at 1 second intervals with 50% probability. Packet generation is done 30 times, i.e. the minimum call length for each UE is 30 seconds.

· NOTE: It should be possible that the user will experience several activation/deactivation cycles, since the purpose of the simulations is to study the performance of measurements for deactivated SCells. The idea here is that UE will experience lower latency due to CA (i.e. higher short-term throughput) and may be able to empty its buffer before next traffic burst arrives.

· (Average) System loading 

· Active users/cell: 1, 2, 5, 10, 20 UEs/cell 

· Cell loading is constant and users are uniformly distributed at the fully simulated cells at the beginning of the simulation. 

· NOTE: The load may vary after UEs start moving.
· The interference from neighbour cells may be modelled as constant level if not all cells are simulated. In such a case, the following load conditions should be simulated:

· Full load, Varying load with average [25%, 50%, 75%] resource utilization
Scheduler
· Independent scheduling across serving cells: First schedule resources for PCell, and then SCell if UE still needs more resources (i.e. its buffer will not be emptied by just PCell resources)
· Option 1. TD/FD-scheduling: First select candidate scheduling set with TD-scheduler, and assign resources among those candidates with FD-scheduling

· TD-scheduler: Round-Robin in time: User that has not been scheduled for longest time gets the highest priority. Maximum 6 users/TTI can be scheduled.

· FD-scheduler: Proportional fair according to CQI: Each RB is given to the user with the best CQI for that RB. This is weighted with the throughput that the user has been getting, so that users with lower throughput will also eventually get scheduled.
· Option 2. Simple RR scheduler: Active users are scheduled in order of scheduling time, i.e. the user who has not been scheduled for the longest time is scheduled first. Only 1 user / TTI can be scheduled in each cell, and it is scheduled with all the PRBs available.
Shadowing
· Shadowing: UMTS 30.03 shadowing model with 8 dB deviation (same for both F1 and F2 in each scenario)

· Correlation: 1.0 for the same site (irrespective of the carrier frequency, i.e. cells in the same position will experience the same fading), 0.5 between different sites
Handover and RLF modelling
Since these simulations deal with mobility, both the handover processes and possibility for RLF should be modelled. We propose that handover delay in both preparation (i.e. handover request and response between eNBs) is modelled with a constant delay, for simplicity.

· RLF: Qout and Qin are tracked only for PCell (i.e. it is up to eNB to remove unused/unusable SCells)

· QoutSNR = -8 dB, QinSNR = -4 dB (i.e. Es/Iot)

· Handover delays

· HO preparation delay = 50 ms (i.e. time it takes eNB to construct HO command)

· HO execution delay = 30 ms (i.e. time it takes until UE is ready to transmit HO complete in new cell after handover)

· Measurement reports and HO commands are modelled as RRC messages (i.e. they may be lost and HO command may be retransmitted)

Scenario 1 simulations
Since Scenario 1 has uniform coverage, in principle no events would be needed to be configured for CC management. However as Scenario 1 could be considered to be typical intra-band contiguous aggregation following scenario CC management could be considered:

1. If SCell becomes better than [10%] RSRP threshold: SCell is activate-able 
2. If SCell becomes worse than [5%] RSRP threshold: SCell becomes non-activate-able 
3. Intra-frequency SCell change: When target cell becomes an offset stronger than current SCell, change SCell to target cell if it belongs to the same eNB. Otherwise, deactive SCell.

The mobility configuration will be as follows:

1. Intra-frequency PCell change: When target cell (belonging to different eNB) becomes an offset stronger than current PCell, change PCell to target cell

Note that while there is no need to change the PCell for any UE, we propose that contrary to the baseline assumption, 50% of UEs should use F1 as PCell and 50% should use F2 as PCell. This ensures even loading on both carriers.

Scenario 2 simulations
The PCell and SCell will have different coverages in Scenario 2, so we need the SCell management events in this scenario, i.e. 

4. If SCell becomes better than [10%] RSRP threshold: SCell is activate-able 
5. If SCell becomes worse than [5%] RSRP threshold: SCell becomes non-activate-able 
6. Intra-frequency SCell change: When target cell becomes an offset stronger than current SCell, change SCell to target cell if it belongs to the same eNB. Otherwise, deactivate SCell.

For mobility, same things as for Scenario 1 are enough, assuming that PCell is always configured for coverage layer, i.e. F1:

1. Intra-frequency PCell change: When target cell (belonging to different eNB) becomes an offset stronger than current PCell, change PCell to target cell

Note: Using this configuration means that the UEs will treat the SCell as just an extra resource.

Scenario 3 simulations
With Scenario 3, the situation becomes even more complicated than for Scenario 2. For this case, we propose that all the CC management events defined in section 3.1 are used, and also that similarly as in Scenario 2, PCell change is to be considered. Therefore, the events needed for CC management are:

1. If SCell becomes better than 10% RSRP threshold: SCell is activate-able 
2. If SCell becomes worse than 5% RSRP threshold: SCell becomes non-activate-able 
3. Intra-frequency SCell change: When target cell becomes an offset stronger than current SCell, change SCell to target cell if it belongs to the same eNB. Otherwise, deactivate SCell.

And the events for mobility/PCell change are:

1. Intra-frequency PCell change: When target cell (belonging to different eNB) becomes an offset stronger than current PCell, change PCell to target cell 

2. Inter-frequency PCell change: When target inter-frequency cell becomes an offset stronger than current PCell, event, change PCell to target cell.

NOTE: In this scenario, it is possible for UEs to have different PCells.

Annex 2: Main CA deployment scenarios for simulations 
	#
	Description
	Example

	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	
[image: image2.emf]F1 F2



	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: image3.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: image4.emf]


Annex 3. Baseline System simulation assumptions
Table1. 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

	
	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

	
	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

	
	Number of data symbols per TTI
	11

	
	Number of control symbols per TTI
	3

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

	
	Active users per cell
	10

	
	Macro cell ISD
	500 m

	
	Penetration loss
	20 dB

	
	UE speed
	3, 50km/h

	
	Multipath delay profile
	TU

	
	UE receiver
	2RX MRC

	
	Schedule policy
	Option 2 (Simple RR scheduler)

	
	Traffic model
	Infinite buffer

	
	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 ¨

[3GPP TR 25.942]

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

DL: Explicit modelling else cell power = Ptotal


Table 2. 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 or 640 ms}, 5 measurement samples, i.e. {200 ms, 400 ms, 800 ms, 1600 ms or 3200ms} filtering

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
Ping-pong HO time interval
	50 ms

30 ms

Modelled and sent as RRC message

Modelled and sent as RRC message
2*512ms

	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


Annex 4:  All simulation figures 
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	Scenario 1
	Scenario 2
	Scenario 3
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Figure 1.1  F1 SINR distribution (Speed:3km/h)
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Figure 2.1  F1 SINR distribution (Speed:3km/h)
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Figure 3.1  F1 SINR distribution (Speed:3km/h)
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Figure 1.2  F2 SINR distribution (Speed:3km/h)
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Figure 2.2  F2 SINR distribution (Speed:3km/h)
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Figure 3.2  F2 SINR distribution (Speed:3km/h)
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Figure 1.3  F1 SINR distribution (Speed:50km/h)
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Figure 2.3  F1 SINR distribution (Speed:50km/h)
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Figure 3.3  F1 SINR distribution (Speed:50km/h)
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Figure 1.4 F2 SINR distribution (Speed:50km/h)
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Figure 2.4  F2 SINR distribution (Speed:50km/h)
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Figure 3.4  F2 SINR distribution (Speed:50km/h)
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Figure 1.5  RLF number of F1 per minute per UE
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Figure 2.5  RLF number of F1 per minute per UE
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Figure 3.5  RLF number of F1 per minute per UE
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Figure 1.6  RLF number of F2 per minute per UE
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Figure 2.6  RLF number of F2 per minute per UE
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Figure 3.6  RLF number of F2 per minute per UE
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Figure 1.7  Total HO number per minute per UE
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Figure 2.7  Total HO number per minute per UE
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Figure 3.7  Total HO number per minute per UE
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Figure 1.8  Intra-freq HO number per minute per UE
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Figure 2.8  Intra-freq HO number per minute per UE
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Figure 3.8 Intra-freq HO number per minute per UE
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Figure 1.9 Failure rate of intra-freq HO
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Figure 2.9 Failure rate of intra-freq HO
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Figure 3.9 Failure rate of intra-freq HO
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Figure 1.10 Inter-freq HO number per minute per UE
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Figure 2.10 Inter-freq HO number per minute per UE
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Figure 3.10 Inter-freq HO number per minute per UE
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Figure 1.11 Failure rate of inter-freq HO
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Figure 2.11 Failure rate of inter-freq HO
	
[image: image40]
Figure 3.11 Failure rate of inter-freq HO

	
[image: image41]
Figure1.12 Ping-pong HO number per minute per UE
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Figure2.12 Ping-pong HO number per minute per UE
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Figure3.12 Ping-pong HO number per minute per UE
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Figure 1.13 F1 throughput distribution (Speed:3km/h)
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Figure 2.13 F1 throughput distribution (Speed:3km/h)
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Figure 3.13 F1 throughput distribution (Speed:3km/h)
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Figure 1.14 F2 throughput distribution (Speed:3km/h)
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Figure 2.14 F2 throughput distribution (Speed:3km/h)
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Figure 3.14 F2 throughput distribution (Speed:3km/h)
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Figure 1.15 F1 throughput distribution (Speed:50km/h)
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Figure 2.15 F1 throughput distribution (Speed:50km/h)
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Figure 3.15 F1 throughput distribution (Speed:50km/h)
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Figure 1.16 F2 throughput distribution (Speed:50km/h)
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Figure 2.16 F2 throughput distribution (Speed:50km/h)
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Figure 3.16 F2 throughput distribution (Speed:50km/h)
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Figure 1.17 UE throughput distribution (Speed:3km/h)
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Figure 2.17 UE throughput distribution (Speed:3km/h)
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Figure 3.17 UE throughput distribution (Speed:3km/h)
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Figure 1.18 UE throughput distribution (Speed:50km/h)
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Figure 2.18 UE throughput distribution (Speed:50km/h)
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Figure3.18 UE throughput distribution (Speed:50km/h)
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Figure 1.19 Percentage of Scell activated time (Speed:3km/h)
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Figure 2.19 Percentage of Scell activated time (Speed:3km/h)
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Figure 3.19 Percentage of Scell activated time (Speed:3km/h)
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Figure 1.20 Percentage of Scell activated time (Speed:50km/h)
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Figure 2.20 Percentage of Scell activated time (Speed:50km/h)
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Figure 3.20 Percentage of Scell activated time (Speed:50km/h)
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Figure 1.21 DL spectral efficiency
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Figure 2.21 DL spectral efficiency
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Figure 3.21 DL spectral efficiency
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Figure 1.22 F1  DL spectral efficiency
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Figure 2.22 F1  DL spectral efficiency
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Figure 3.22 F1  DL spectral efficiency
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Figure 1.23 F2  DL spectral efficiency
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Figure 2.23 F2  DL spectral efficiency
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Figure 3.23 F2  DL spectral efficiency
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Figure 1.24 RRC massages per minute per UE
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Figure 2.24 RRC massages per minute per UE
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Figure 3.24 RRC massages per minute per UE


Annex 5: Statistic Method
1. SINR distribution per CC
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 represents the RSRP value of the cell to be measured, 
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 represents total interference, its value could be got from the sum of RSRP value of all cells except for the cell to be measured, 
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 represents total noise. We logged SINR values of all the UEs in the period of 40ms (movement update period) per carrier. 
2. Mobility statistics 
Number of RLFs (per CC)：When the downlink radio link quality becomes worse than the threshold 
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, T310 timer will be started. While T310 Timer is running, if radio link quality becomes worse than 
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 for 1 second, UE will report RLF. At the same time, number of RLF increases. 
RLF number of F1(or F2) per minute per UE equals RLF number of F1(or F2) is divided by the product of total UE number and total simulation time (i.e. total UE number is 210 and total simulation time is 2 minutes ). 
Number of handovers: When a UE receives HO Command Message, total handover number increases. Moreover, the carrier frequency will also be compared to decide the handover type between intra-frequency and inter-frequency, and then corresponding handover number increases. 
HO number per minute per UE, which is introduced to evaluate HO rate, equals total HO number is divided by the product of total UE number and total simulation time. Similarly, intra frequency HO number per minute per UE and inter frequency HO number per minute per UE are also defined 

Failure rate of intra or inter frequency HO: HO failure is defined that HO Complete message transmit times exceeds the maximum retransmit times. If the source carrier frequency is the same with the target carrier’s, number of intra-frequency HO failure increases. If not, number of inter-frequency HO failure increases. At the end of simulation, failure rate of intra (or inter) frequency HO equals number of intra (or inter) frequency HO failure is divided by the total intra (or inter) frequency HO number.   
Ping-pong HO number per minute per UE: Assume UE is connected to cell 1 and first makes HO to cell2 and then back to cell 1. If the second HO happens within the ping-pong HO interval (2*512ms), the handover is a ping-pong HO, and number increases. At the end of simulation, total ping-pong HO number is divided by the product of total UE number and total simulation time.  
3. Throughput distribution

UE throughput distribution: All UEs’ throughput on two carriers in the simulation time are logged and then plotted as UE throughput CDF. Similarly, UE throughput distribution per CC CDF is plotted by all UEs’ throughput on each carrier.  
4. SCell active time 
A1 and A2 event are introduced to manage SCell state change. When a UE’s SCell RSRP becomes worse than the threshold A2 over the certain TTT period (320 ms), this UE turns the SCell state from ACTIVE to DEACTIVE. When a UE’s SCell RSRP becomes better than the threshold A1 over the certain TTT period (320 ms), this UE turns the SCell state from DEACTIVE to ACTIVE. If UE’s SCell is ACTIVE in current TTI, UE’s SCell active time increase. At the end of simulation, SCell active time percentage is defined as SCell active time is divided by total simulation time.  
5. Spectral efficiency

Spectral efficiency is the ratio of average cell throughput to total bandwidth (5+5MHz).

Spectral efficiency per CC is the ratio of average cell throughput of a CC to this CC’s bandwidth (5MHz).

6. Number of RRC messages transmitted in both UL and DL  
RRC messages per minute per UE: When Measurement reports, HO commands and HO complete are sent out, including first transmission and retransmission, the number of RRC messages increase. RRC messages per minute per UE equals number of RRC messages transmitted in both UL and DL is divided by the product of total UE number and total simulation time.  
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UE throughput distribution(Scenario:3)(Speed=3km/h)
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