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1. Introduction
In RAN4 meeting #56, simulation results on deactivated Scell measurement period were presented in [1] [2] [3] according to simulation assumptions suggested in [4]. And the updated simulation assumptions were proposed in [5]. This contribution shows the simulation results following the latest assumptions and observes the impact caused by relaxed Scell measurement period.
2. Simulation assumptions
The simulation presented in this contribution strictly follows the assumptions given in [6] except the traffic model where FTP traffic model 2 in 36.814 is used with File size set to 5M bits.
Table 1 Traffic model
	Parameter
	Statistical Characterization

	File Size, S
	5 M bits

	Reading Time, D
	Exponential Distribution, Mean= 5 seconds
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 λ = 0.2

	Number of users, K 
	10


In order to make the observation more clearly, some definitions are explained in Table 2,
Table 2 Some definition
	Call
	FTP traffic model 2 in 36.814 is used. A call starts when a UE accesses into network, and call ends after 6 FTP packets are successfully transmitted to that UE. A new call starts when current call ends

	Call length
	The duration of a call

	Call throughput
	Total throughput over the whole call [5]

	Packet length
	The time length from the generation of a packet to the successful transmission of that packet

	Packet throughput
	Document throughput in [5]

	Spectrum efficiency
	Total transmitted bits on CC / simulation time length / bandwidth per CC / total sector number

	Ping-Pong HO
	A handover where UE does a handover back to the old cell within 5 seconds of previous handover


3. Simulation results and analysis
3.1. RLF
	Scenario 1
	Scenario 2
	Scenario 3
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Figure 1.1  RLF number per minute per UE
	[image: image3.png]RLF number per minute per UE

RLF number per minute per UE(Scenario:2)

05

045H

04

I SccMP:200
[]SccMP:400
[CISccMP:800
I SccMP:3200





Figure 2.1  RLF number per minute per UE
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Figure 3.1  RLF number per minute per UE


Observation:

In scenario 1, scenario 2 and scenario 3, the RLF rate increases when UE moves faster, as larger Doppler shifting due to higher speed deteriorates channel quality.
With same UE speed, the SccMP has marginal impact on the RLF rate in scenario 1 and scenario 2 as no inter-frequency handover happens. In scenario 3, if longer SccMP is used, inappropriate inter-frequency HO may happen as the out-of-date RSRP measurement result of Scc may be used to trigger Pcell change, this leads to more RLF.

3.2. Handover
	Scenario 1
	Scenario 2
	Scenario 3
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Figure 1.2  Total HO number per minute per UE
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Figure 2.2  Total HO number per minute per UE
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Figure 3.2  Total HO number per minute per UE
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Figure 1.3  RRC message number per minute per UE
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Figure 2.3  RRC message number per minute per UE
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Figure 3.3  RRC message number per minute per UE
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Figure 1.4  Intra-freq HO number per minute per UE
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Figure 2.4  Intra-freq HO number per minute per UE
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Figure 3.4 Intra-freq HO number per minute per UE
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Figure 1.5 Failure rate of intra-freq HO
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Figure 2.5 Failure rate of intra-freq HO
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Figure 3.5 Failure rate of intra-freq HO
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Figure 1.6 Inter-freq HO number per minute per UE
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Figure 2.6 Inter-freq HO number per minute per UE
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Figure 3.6 Inter-freq HO number per minute per UE
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Figure 1.7 Failure rate of inter-freq HO
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Figure 2.7 Failure rate of inter-freq HO
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Figure 3.7 Failure rate of inter-freq HO
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Figure1.8 Ping-pong HO number per minute per UE
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Figure2.8 Ping-pong HO number per minute per UE
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Figure3.8 Ping-pong HO number per minute per UE


Observation:

In scenario 1 and scenario2, handover is based on intra-frequency Pcell change. There is no inter-frequency handover. So no tendency related to SccMP could be observed in terms of total HO number, Intra-freq HO number, Inter-freq HO number and ping-pong HO number. HO number increases with UE speed.
In Scenario 3, Pcell is always located on the carrier with the best RSRP, inter-frequency Pcell change aims to track the best carrier. If longer SccMP is used, inappropriate inter-frequency HO may happen as the out-of-date RSRP measurement result of Scc may be used to trigger Pcell change.

In this case, another successive HO will probably happen and handover back to the source eNB when Ping-Pong HO happens. So the total HO number increases due to inter-frequency ping-pong HO, while intra-frequency HO number reduces as more inter-frequency HO happens instead.

3.3. Scell Activated time
	Scenario 1
	Scenario 2
	Scenario 3
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Figure 1.9 Percentage of Scell active time(3km/h)
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Figure 2.9 Percentage of Scell active time (3km/h)
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Figure 3.9 Percentage of Scell active time (3km/h)
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Figure 1.10 Percentage of Scell active time(50km/h)
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Figure 2.10 Percentage of Scell active time (50km/h)
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Figure 3.10 Percentage of Scell active time (50km/h)


Observation:

For scenario 1, scenario 2 and scenario 3, in 3km/h case, the fluctuation of RSRP is low and less HO happens, so the SccMP has little impact on Scell activation/de-activation time, while in 50km/h case, Scell became obviously less active if SccMP is relaxed to 3200ms. This is due to the policy employed in HO, where the Scell is set to DEACTIVATED and NON-ACTIVATE-ABLE after handover, until the next Scc measurement time arrives. As a result, when the SccMP is relaxed to 3200ms, the DEACTIVATED time of Scell increases.

Note: A few of UE’s Scell always stay in DEACITVATED state in 3km/h case; this happens when the quality of channel condition of Scell is rather low, e.g. at the cell edge, and is always NON-ACTIVATE-ABLE during one call. While in 50km/h case, the UE may experience more channel conditions and could be activated at least once.
3.4. DL spectrum efficiency

	Scenario 1
	Scenario 2
	Scenario 3
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Figure 1.11 DL spectral efficiency
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Figure 2.11 DL spectral efficiency
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Figure 3.11 DL spectral efficiency

	
	
	

	[image: image35.png]>
I
2
g
]
L=
@
E
k]
3
2
0

F1 spectral efficiency(Scenario:1)(Unit:bit/s/Hz)

T

o
33

=4
o

05

o
b

o
w

o
N

I SccMP:200
SccMP:400
[CISccMP:800
I SccMP:3200





Figure 1.12 F1  DL spectral efficiency
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Figure 2.12 F1  DL spectral efficiency
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Figure 3.12 F1  DL spectral efficiency
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Figure 1.13 F2  DL spectral efficiency
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Figure 2.13 F2  DL spectral efficiency
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Figure 3.13 F2  DL spectral efficiency


Observation:
For scenario1, scenario 2 and scenario 3, there is no consistent trend in terms of spectrum efficiency.
In scenario 1, spectrum efficiency of both F1 and F2 almost remain the same under all SccMP cases, while decrease with the UE speed.
In scenario 2, there is no consistent trend for F1 and F2 spectral efficiency with increasing SccMP in 3km/h case, while in 50km/h the spectral efficiency of F1 increases with SccMP and that of F2 decreases.  This is could be explained by the decreasing Scell active time percentage when SccMP increases, which will result in more traffic is transmitted by Pcell, i.e. F1.
Scenario 3 is similar to scenario 2.
3.5. Call length

	Scenario 1
	Scenario 2
	Scenario 3
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Figure 1.14 Call length distribution
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Figure 2.14 Call length distribution
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Figure 3.14 Call length distribution


Observation:

Considering averaged packet arriving time interval is about 5s, the mean value of call length is about 30s. It is implied that packet length is much smaller than 5s. 
Note: From the packet length figure below, the average per packet transmission time is about 600ms. 
For scenario1, scenario 2 and scenario 3, comparing the results of 3kmh and 50kmh, when mobility speed is higher, call length is slightly longer. What’s more, when SccMP increases, the call length becomes longer. The reason may be that both higher mobility speed and longer SccMP degrades the data rates.
3.6. Packet length

	Scenario 1
	Scenario 2
	Scenario 3
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Figure 1.15 Packet length distribution
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Figure 2.15 Packet length distribution
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Figure 3.15 Packet length distribution


Observation:
For scenario1, scenario 2 and scenario 3, the average per packet transmission time is about 600ms, which is rather small compared to the averaged packet arriving time interval 5s.
The packet length increases with UE speed. It is because UE with lower speed can have better channel conditions. This permits eNB transmit same size packet with less time.

In scenario 3, it can be seen that when SccMP 3200 is adopted the packet length increases a lot. 
3.7. Call throughput

	Scenario 1
	Scenario 2
	Scenario 3
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Figure 1.16 Call throughput distribution 
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Figure 2.16 Call throughput distribution 
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Figure 3.16 Call throughput distribution 


Observation:
In scenario 1, it can be found that when UE speed is higher, call throughput is lower. What’s more, when SccMP grows, the call throughput is lower. 

However, the call throughput is greatly affected by the traffic model, as it is the intervals between two FTP packets that decide the call length rather than the packet transmission time.
Scenario 2 and scenario 3 are similar to scenario 1.
3.8. Packet throughput

	Scenario 1
	Scenario 2
	Scenario 3
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Figure 1.17 Packet throughput distribution 
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Figure 2.17 Packet throughput distribution 
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Figure 3.17 Packet throughput distribution 


Observation:

For scenario 1 and scenario 2, as we could see from the above figure, the packet throughput decreases when UE speed increases. However, the SccMP has marginal impact, as the transmission time per packet is several hundreds of ms during which the possibility of Scell status change (ACTIVATED/DE-ACTIVATED) is very low. As the packet transmission time is very small compared to the call length, the packet throughput is much higher than the call throughput.
For scenario 3, it should be noted that in case of high speed and long SccMP (e.g. 50km/h, 3200ms) the packet throughput is obviously lower, this is caused by the inappropriate inter-frequency HO and the possible ping-pong HO, which is observed in the previous figure. If UE handovers to the cell which is not the best one for packet transmission, then the “instantaneous” spectrum efficiency is relatively low. This will decrease the UE packet throughput. If taking the additional Ping-Pong handover into account, which means more resource (e.g. time) will be wasted for RRC signaling transmission, this further decreases the packet throughput.
4. Conclusions
Proposal 1: Measurement period of deactivated Scc can be relaxed to 3200ms for scenario 1 and scenario 2.
Proposal 2: Measurement period of deactivated Scc can be relaxed to value between 800ms and 3200ms for scenario 3.
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