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1. Introduction

In RAN1#74 meeting, some issues on lean carrier were discussed, such as power control, timing, HARQ operation, inter-cell interference and so on. Some of them are needed to be evaluated to show their impacts on the system performance by means of system level simulation. In this contribution, we summarize the issues and provide the system level simulation methodology for lean carrier.
2. Discussion
In [1], the issues to be studied for lean carrier concept were summarized as follows:
1. Synchronization and power control
For the lean carrier without DPCCH pattern and preamble, the path search for synchronization and power control will fall into trouble to follow the uplink presence and quality in the case of long absence of DPCCH and corresponding F-DPCH. Consider the same issues have be evaluated by link and system level simulation in the CPC study, the analysis of DPCCH gating for the lean carrier (e.g. power control stability, F-DPCH performance, signal detection performance with or without power control preamble in case of long gating gap) is actually needed to be re-evaluated referring to the CPC TR due to greater impacts led by less DPCCH transmission.
2. Timing
Since a lean UE needs to be uplink TDMed on lean carrier, the UE’s uplink needs to be aligned with the serving cell when it enters SHO area, resulting that the UE’s uplink may not be strictly TDMed in non-serving cell of lean carrier due to misalignment of uplink timing. The misalignment of uplink timing may impact the system performance more distinctly in case of higher RoT. 
3. HARQ operation on the lean carrier

NodeB may not know immediately whether the data in the last TTIs of current UE are decoded correctly or not before sending a grant to next UE. If the next UE going to be scheduled has the higher priority to get the grant, higher layer retransmissions will occur. If the current UE with data retransmission has the higher priority to get the grant, the UL data transmission efficiency will be degraded.

4. Inter-cell interference
If the SHO operation on the lean carrier is not considered, lean carrier UEs will consume more Tx power to obtain the same decoding SINR because of no SHO gain. Furthermore, not like legacy case, a lean carrier is not possible to control inter-cell interference from SHO UEs via non-serving E-RGCH. Therefore the inter-cell interference is more severe in case of lean carrier.
5. Co-existence with legacy UE
To avoid the ‘high RoT’ interference from lean carrier UE, HS-DSCH scheduling should harmonize with UL TDM scheduling to force the HS-DPCCH exactly falling into the part dedicated to legacy operation. Whatever the methods are, the HS-DSCH scheduling is inevitably limited into a certain TTIs and the other TTIs will be unoccupied. The waste of traffic TTIs will decrease peak data rate as well as UE throughput, if the limitation on HS-DSCH scheduling is introduced.

In addition, the SI of legacy UE may be sent in TTIs dedicated to lean carrier operations, since the SI will be sent on the lean carrier at any time if the UE wants to transmit data. Then SI may not be decoded accurately (even for retransmission in the same HARQ process according to legacy mechanism) because of the ‘high RoT’ interference from lean carrier UE so that the UL scheduling of legacy UE based on SI will be impacted.
To thoroughly evaluate the impacts of the above issues on system performance, system level simulation assumptions are given in the section 3 and performance metrics are given in the section 4.
3. Evaluation Methodology
3.1 System Simulation Assumptions
The system simulation assumptions for lean carrier are shown in Table 1 and Table 2.
Table 1: System Level Simulation Assumptions
	Parameters
	Values and comments

	Cell Layout
	21 cell hexagonal (7 NodeB, 3 sectors per Node B with wrap-around)
57 cell hexagonal (19 NodeB, 3 sectors per Node B with wrap-around)

	Inter-site distance
	500 m

	Carrier Frequency
	2000 MHz

	Carrier bandwidth
	5MHz 

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometres

	Log Normal Fading


	Mean= 0

Standard Deviation: 8dB 

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0

Correlation Distance: 50m 

	Antenna pattern
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LPN: 2D Antenna, Omni-directional

	Channel Model
	PA3, TU3, VA30

	Penetration loss
	20dB

	Maximum UE EIRP
	24dBm

	Maximum Tx Power of BS
	43dBm

	Max BS Antenna Gain
	14dBi

	Max UE Antenna Gain
	0dBi

	NodeB Noise Figure
	5 dB

	UE Noise Figure
	9 dB

	Thermal noise density
	-174dBm/Hz

	Number of HARQ processes
	8 for UL; 6 for DL

	NodeB Receiver
	LMMSE

	UE Receiver
	LMMSE

	Soft Handover Parameters
	R1a (reporting range constant) = 3dB
R1b (reporting range constant) = 6dB
No SHO for lean carrier capable UE on lean carrier

	Max active set size
	3

	Power control
	10% BLER after the 1st transmission

	Target RoT
	6dB, 12dB, 18dB for lean carrier
6dB for legacy carrier

	Traffic Model
	Bursty traffic

	Number of UEs per cell
	2, 4, 6, 8, 10
Uniformly distributed

	UE_DTX_cycle_1
	20 TTIs

	UE_DTX_cycle_2
	160 TTIs

	Inactivity_Threshold_for_UE_DTX_cycle_2
	8 TTIs

	UE_DPCCH_burst_1
	1 TTI

	UE_DPCCH_burst_2
	1 TTI

	UE_DTX_long_preamble_length
	4 slots, 15 slots

	Penetration of lean carrier capable UE
	0%, 50%, 100%

	Penetration of f2 cells supporting lean carrier operation
	0%, 50%, 100%

	Penetration of legacy single carrier capable UE anchored on f2
	0%, 50%

	DPCCH preamble for lean carrier capable UE
	3 slots, 6 slots, 15 slots if supported


Table 2: Uplink and Downlink Bursty Traffic Model
	
	Component
	Distribution
	Parameters
	PDF

	UL traffic model
	File size (S)
	Truncated Lognormal
	Mean = 0.125 Mbytes

Std. Dev. = 0.045 Mbytes

Maximum = 0.3125 Mbytes
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	Inter-burst time 
	Exponential
	Mean = 5 sec
	[image: image4.wmf](

)

061

.

13

,

35

.

0

0

,

2

2

ln

2

exp

2

1

=

=

ú

ú

û

ù

ê

ê

ë

é

³

-

-

=

m

s

s

m

s

p

x

x

x

x

f



	DL traffic model
	File size (S)
	Truncated Lognormal
	Mean = 0.5 Mbytes

Std. Dev. = 0.1805 Mbytes

Maximum = 1.25 Mbytes
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	Inter-burst time 
	Exponential
	Mean = 5 sec
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3.2 System Performance Evaluation Metrics
For bursty traffic, the following performance measures are used for evaluation:
· Average burst rate:
· The burst rate is defined as the ratio between the data burst size in bits and the total time the burst spent in the system.

· The total time the burst spent in the system is the time difference measured between the instant the data burst arrives and the instant when the transfer of the burst over the air interface is completed.

· The total time the burst spent in the system is equal to the sum of the transmission time over the air and the queuing delay.

· Total system throughput

· UE throughput: average, 50%, and 5%

· Average and CDF of RoT for UL
· SI transmission delay of the CPC capable UEs
The performance metrics should be carrier specific and be evaluated separately for the lean carrier capable UEs and the CPC capable UEs. The baseline should be TDM operation with CPC.
4. Conclusion
In this contribution, a summary of issues to be studied for lean carrier concept is presented and initial system level simulation assumptions and performance metrics for lean carrier are proposed. It is proposed:
Proposal 1: Discuss and decide the system simulation assumptions and performance metrics for lean carrier
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