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1 Introduction

At last meeting RAN2#76 in San Francisco, it was agreed that 

	Agreements
2
Companies should have the freedom of using different simulator modelling than used during calibration provided the differences in the modelling and metrics are described.




We believe detailed implementations of protocols and traffic models are needed for in-depth analysis of the handover performance. The protocols will affect the duration of the handover procedure, and thus the timing of the transmission of the handover messages. 

In this contribution we present initial results with a realistic traffic model and detailed protocol models.
2 Discussion
2.1 Simulation parameters

The simulation parameters are mainly the same as defined for the calibration effort in [1]. Deviations from these are shown in Annex B.

2.2 Simulation model

The simulation model is based on the one used during simulation calibration. The differences are listed below and summarized in Annex B.
2.2.1 Protocol implementation

Detailed implementations of MAC, RLC, PDCP and RRC protocols are included in the simulator to accurately capture the effect of protocols on user and control plane performance. Implementations are according to the corresponding specifications [2]

 REF _Ref315174828 \r \h 
[5][4]

 REF _Ref315174828 \r \h 
[5].
2.2.2 RLF model

Radio Link Failure (RLF) is detected according to Qin/Qout monitoring as defined for the calibration [1]. In addition, RLF is detected when RLC reaches the maximum number of retransmissions for a PDU. Once RLF is detected, the UE tries recovery through RRC re-establishment in the strongest measured cell. It is assumed in this simulation that the target cell is always prepared.
2.2.3 Network
Due to the high level of detail in the simulator, the studied network is reduced to shorten simulation execution times. The chosen layout is 7 macro sites with 3 cells each in hexagonal grid, with wrap around. 
2.2.4 Traffic model

The traffic model chosen is a Web download model, where users request and download 100kB fixed size objects over TCP. Between downloads there is a fixed 10 second reading time. There are 30 users per macro cell, moving at a random straight line at constant speed. Users are uniformly distributed.
2.3 Simulation observations
The simulation results are presented in Annex A. The selected traffic model produced a traffic load where 15% of the resource blocks were used in the macro only deployment. At this load point, handover failure rates stayed well below 1% for both macro and HetNet deployments, except for users moving at 120 km/h in a HetNet deployment, where it reached 1%. At a lower load point, the handover failure rates will be even lower, but due to the low number of handover failure samples, it was not possible to get reliable statistics from the simulations at lower load points. The same applies also for users moving at 3 km/h at the simulated load point. Based on these results, we make the observation that the Rel-8 mobility procedures provide reliable mobility performance also in the studied HetNet deployment. 
Observation 1: The Rel-8 mobility procedures work also in HetNet deployments.

When comparing the handover performance of studied HetNet deployment with that of the macro only deployment at the same traffic load point, there is a similar increase in handover failure rate as was observed during handover simulation calibration. 
Observation 2: These initial results indicate a similar increase in handover failure rate as observed during the simulation calibration for HetNet deployments.

Figure 2 shows the handover phase during which handover failure is logged. As was seen also for calibration simulations, most handover failures occur during the handover preparation phase.

Observation 3: Most handover failures occur during the handover preparation phase.
Figure 4 shows the handover type information for the logged handovers. From the leftmost curve it can be seen that most handover failures in a HetNet deployment occur for pico-macro handovers. This is also a similar observation as was made during the simulation calibration phase. 

Observation 4: Most handover failures occur for pico to macro handovers.
Figure 3 shows the handover failure reason. A failed message transmission means that the maximum number of RLC retransmissions was reached for that particular message, triggering RLF. Out-of-sync means that T310 expires. Out of the logged RLFs during the handover procedure, around 30% were caused by lost handover command at 30km/h. This ratio increases for higher speed UEs. The fact that the network was trying to send the handover command means here that the UE was able to successfully transmit the measurement report. This gives the network good opportunity for preparing the target eNB for the RRC re-establishment. Also, for the failures caused by out-of-sync, as most failures occur during handover preparation the UE may have been able to successfully transmit the measurement report, but the network was not yet able to successfully transmit the handover command. Thus, there is a high likelihood that even in the cases where there is a handover failure, the RRC re-establishment procedure is able to re-establish the RRC connection in the target cell, improving the user experience.
Observation 5: The RRC re-establishment procedure can play an important role in ensuring robust mobility performance for packet data users.
Figures 5 and 6 show the handover failure ratio at higher load points. The downloaded object size was increased to 200kB and 400kB, which caused a 30% and 70% resource block usage respectively for the macro deployment. As expected, failure rates increase with increasing load due to the increased interference level. An interesting observation is that the handover failure ratio actually decreases for the highest load case when comparing macro and HetNet deployments. This is due to the offloading effect from macro cells to pico cells. With a HetNet deployment, the macro load was decreased from 70% to 50%, reducing the interference at the cell border for the HetNet deployment compared to the macro deployment. This effect would not be seen in full buffer simulations, as all cells would still transmit full buffer.
3 Conclusion

In this contribution we have presented initial simulation results with a detailed simulation model and realistic traffic model. Based on these results some observations listed below can be made. Still, we note that these are initial results, and that more work is needed to analyse e.g. effects of hotspot traffic load, range extensions, DRX, etc.
Observation 1: The Rel-8 mobility procedures work also in HetNet deployments.

Observation 2: These initial results indicate a similar increase in handover failure rate as observed during the simulation calibration for HetNet deployments.

Observation 3: Most handover failures occur during the handover preparation phase
Observation 4: Most handover failures occur for pico to macro handovers
Observation 5: The RRC re-establishment procedure can play an important role in ensuring robust mobility performance for packet data users.
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5 Annex A: Simulation Results

[image: image1.emf]30 60 120

0

0.2

0.4

0.6

0.8

1

Macro only

km/h

Percent (%)

[image: image2.emf]30 60 120

0

0.2

0.4

0.6

0.8

1

HetNet

km/h

Percent (%)


Figure 1: Handover failure rate.
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Figure 2: Handover State during which RLF occurs.
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Figure 3: Handover failure reason.
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Figure 4: Number of handovers and failure scenarios in HetNet deployment.
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Figure 5: Handover failure rate (30% load, 200kB object size)
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Figure 6: Handover failure rate (70% load, 400kB object size)
6 Annex B: Simulation parameters
The simulation parameters are the same as in 36.839, except for those listed below.
	Broad category
	Subcategory #1
	Subcategory #2
	Hotspot Calibration assumptions
	Large area calibration assumptions (differences only)
	Model set #1 (differences only)

	Communication failure between UE and eNB
	RLF
	Parameters
	Qout = -8 dB, Qin = -6 dB, T310 = 1s, 
N310 = 1, N311 = 1, T311 = N/A
	 
	

	
	
	Detection
	At States 1&2: Wideband SINR checked against Qin/Qout.
If wideband SINR < Qout --> Start T310 timer
If wideband SINR > Qin --> stop T310
	 
	In addition: 
Max nr of RLC retransmissions reached

	
	
	Action
	UE is removed from simulation
	 
	UE remains in simulation

	
	
	Recovery
	N/A
	 
	RRC re-establishment

	
	PDCCH
	Detection
	wideband SINR < Qout
Only checked when HO command is sent OR when HO process is being finalized
	 
	SINR is calculated and converted to BLEP using table from link level simulator. 

Details according to 36.211, 36.212 and 36.213.
(same model is also used for PDSCH errors)

	
	
	Action
	HO command is not received
	 
	 

	
	
	Recovery
	N/A
	 
	RLC retransmission

	
	HOF
	Detection
	PDCCH failure is detected when UE is receiving HO command OR when finalizing handover to target cell
	 
	UE detects RLF during handover procedure

	
	
	Action
	UE is removed from simulation
	Handover stopped until Qin or RLF is detected
	UE remains in simulation

	
	
	Recovery
	N/A
	if Qin is detected, handover process is reset
	RRC re-establishment

	Handover
	Measurements
	Quantity
	RSRP
	 
	 

	
	
	Error model
	According to relative measurement error in 36.133
	 
	

	
	
	Filtering
	200ms L1 filtering, L3 filtering according to L3 coefficient
	 
	 

	
	
	Cell search
	N/A
	 
	 

	
	Measurement report
	Triggering
	According to A3 event: Margin = x, TTT = y, hysteresis = z (all of x,y,z can be varied in simulations)
	 
	 

	
	
	Delay
	According to TTT parameter; No extra delays simulated
	 
	RLC transmission modeled

	
	
	Failure
	N/A
	 
	Max nr RLC retransmissions reached

	
	Handover command
	Triggering
	When receiving A3 measurement report
	 
	 

	
	
	Delay
	50 ms preparation delay until HO command is sent
	 
	RLC transmission modeled

	
	
	Failure
	See HOF modelling
	 
	Max nr RLC retransmissions reached

	
	Handover process
	Triggering
	When receiving HO command
	 
	 

	
	
	Delay
	40 ms execution delay
	 
	RLC transmission modeled

	
	
	Failure
	See HOF modelling
	 
	Max nr RLC retransmissions reached

	Network and UE setup
	Cell layout
	Macro cell positions
	3GPP case 1 layout: Hexagonal grid with 19 sites with 3 cells each
	 
	3GPP case 1 layout: Hexagonal grid with 7 sites with 3 cells each

	
	
	Macro cell loading
	100 %
	 
	15 %

	
	
	Other macro parameters
	10 MHz cell BW, 46 dBm tx power, 3D antenna pattern (from 36.814), ISD = 500 m
	 
	5 MHz cell BW

	
	
	Pico cell positions
	Single hotspot/macro @ ISD/3 from macro boresight direction; Only at hotspot
	ISD/2 at boresight direction at every cell
	 

	
	
	Pico cell loading
	100 %
	 
	<<15%

	
	
	Other pico parameters
	10 MHz cell BW, 30 dBm tx power, omnidirectional antenna (from 36.814)
	 
	5 MHz cell BW

	
	
	Other cell types + their parameters
	N/A
	 
	 

	
	UE layout
	Initial position
	Uniformly within 100m-radius circular hotspot centered on pico cell
	Uniformly within simulation area
	 

	
	
	Mobility model
	Random model: Straight line at random direction with bounce-back at hotspot border
OR
Trial model: Random model: Straight line at random direction with bounce-back at hotspot border
OR
Trial model: Starting from hotspot edge directly to the cell center until UE reaches the other side of the hotspot
	Same as Random model in hotspot calibration
	Random model: Straight line at random direction with wrap around

	
	
	Lifetime
	Random model: Unspecified
Trial model: UE removed when it hits the circle

%
th

	 
	 

	Propagation model
	Distance-based pathloss model
	Macro cells
	TR 36.814 Macro-cell model 1
	 
	 

	
	
	Pico cells
	TR 36.814 Pico cell model 1
	 
	 

	
	
	Other cells
	N/A
	 
	 

	
	Slow fading / Shadowing model
	Correlation distance
	25 m for both macro and pico cells
	 
	 

	
	
	Correlation deviation
	8 dB
	 
	 

	
	
	Correlation coefficients
	1.0 for intra-site correlation;
0.5 for inter-site correlation
	 
	 

	
	
	Other parameters
	N/A
	 
	 

	
	Fast fading model
	Channel model
	TU or ITU
	 
	TU

	
	
	Other parameters
	Not specified
	 
	 

	Traffic model
	DL
	Traffic model
	Infinite buffer
	 
	Web, 100kB, 10s reading time

	
	
	Scheduler
	N/A
	 
	 

	
	UL
	Traffic model
	Infinite buffer
	 
	Web, HTTP get

	
	
	Scheduler
	N/A
	 
	 

	RRM algorithms
	DRX
	Parameters
	N/A
	 
	 

	
	
	Effects to measurements
	N/A
	 
	 

	
	eICIC
	ABS patterns
	N/A
	 
	 

	
	
	UE measurement patterns
	N/A
	 
	 

	
	
	CRE
	N/A
	 
	 

	Other
	N/A
	N/A
	N/A
	 
	 

	
	
	N/A
	N/A
	 
	 

	
	N/A
	N/A
	N/A
	 
	 

	
	
	N/A
	N/A
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