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1
Introduction
In the RANWG1#55-bis, a set of system simulation assumptions were agreed upon in [1] to evaluate the downlink system performance of multiple (3 or 4) adjacent carriers in a single frequency band. In this contribution, the simulation results for both the 3 and 4 adjacent carriers are provided with corresponding analyses.
2
System Simulation Assumptions
The system simulation assumptions are based on [1] and listed below in Table 1.
Table 1: Basic System Level Parameters for MC-HSDPA
	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Number of Carriers
	1, 2, 3, 4

	Inter-site distance
	1000 m

	Carrier Frequency
	2000 MHz

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

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
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                               ,        = 70 degrees,   Am = 20 dB                   

                                                                       

	Channel Model
	PA3
Fading across carriers is completely uncorrelated.

	Penetration loss
	10 dB

	CPICH Ec/Ior
	-10 dB

	HS-DSCH 
	Up to 15 SF 16 codes per carrier for HS-PDSCH

Maximum Power = 70% of Node B transmit power (SIMO), 60% (MIMO)
HS-SCCH power decided by a 1% HS-SCCH BLER

HS-DSCH power margin driven by an outer loop (10% BLER after 1st Tx, Max 4 HARQ Transmissions)

	HS-DPCCH 
	9 slot CQI delay

CQI bias is 0 and CQI estimation noise is Gaussian with 1 dB std

CQI is quantized
Error-free CQI and ACK decoding 
CQI feedback cycle  = 1 TTI

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	UE capabilities
	15 SF 16 codes capable per carrier

	UE Receiver Type
	Type 3 for both SC-HSDPA and MC-HSDPA

	Maximum Sector 

Transmit Power
	43 dBm per carrier

	Other Sector Transmit Power
	OCNS = 1 (all other sectors always transmit at full power)

	Timing
	The two carriers have the same time reference and their downlinks are synchronized. 

	Serving cell
	The serving cells on both carriers belong to the same sector. 

	Traffic model
	Full buffer and Bursty Traffic Model 

	Queuing and Scheduling
	Joint-queue and Proportional Fair
PF Scheduling Time = 1.5 sec

	Traffic distribution 
	Uniform over the area

	Number of UEs per sector
	2-carriers: 1, 2, 4, 8, 16, 32, 64

3-carriers: 1, 3, 6, 12, 24, 48
4 carriers: 1, 2, 4, 8, 16, 32, 64


Note：All the UEs in the simulation are 64QAM capable.
3
Full Buffer Performance
The simulation scenario of multi carrier for full buffer traffic model has been defined in [1] as follows:
Assuming there are K carriers and altogether K*N users per sector. In the single carrier system, there are N users in each carrier. In MC-HSDPA, all K*N users use K carriers. 

The following performance metrics should be compared between the single-carrier system and MC-HSDPA: 

· Sector throughput at different number of users (N) in each carrier and across all the carriers

· Normalized and un-normalized user data rate distribution (CDF) in each carrier and across all the carriers

· User data rate gain at different user data rate percentiles in each carrier and across all the carriers: This would be the user throughput improvements as a function of the user-quantile (relative improvement of average per-user throughput over user-quantile, e.g. by how much did the throughput of the worst 10% of users improve). This is metric can demonstrate any cell edge user performance enhancement

· Average user throughput as a function of average sector throughput in each carrier and across all the carriers

In this contribution, the first performance metrics has been compared between the single-carrier system and MC-HSDPA, which can be seen in figure 1. 
Additionally, since dual cell HSDPA operation has been already introduced in WCDMA, the system performance metrics of multi carrier (3,4) should be compared with that of dual cell HSDPA. So, for 4 carrier operation, the performance metrics has been compared with that of 2*DC and 4*SC; for 3 carrier operation, the performance metrics has been compared with that of SC+DC.
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Figure 1 Sector throughput with multiple carrier aggregation.

Table 2 summarizes the full buffer performance gain due to multi-carrier (3 or 4 carriers) aggregation as a function of users per sector per carrier.
Table 2: Gain in Full Buffer Sector Throughput due to multi-carrier (3 or 4 carriers) aggregation
	Number of Users Per Sector 
	3-MC gain over DC+SC         
%
	3-MC gain over 3*SC

%
	Number of Users Per Sector
	4-MC gain over 2*DC 
  %
	4-MC gain over 4*SC     
%

	3
	15.19
	30.73
	4
	12.65
	35.44

	6
	11.38
	22.50
	8
	10.09
	26.58

	12
	8.63
	16.97
	16
	6.88
	19.18

	24
	6.21
	12.39
	32
	4.02
	13.11

	48
	4.25
	9.93
	64
	3.57
	12.05


4
Performance with Bursty Data Sources
The simulation scenario for burst traffic is the same as that of full buffer traffic model. According to [1], Average burst rates at different number of users (N) has been compared between the single-carrier system and MC-HSDPA as well as dual carrier system.
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Figure 3: Bursty traffic performance due to 3-carrier aggregation
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Figure 4: Bursty traffic performance due to 4-carrier aggregation
Table 3 summarizes the bursty performance gain due to multi-carrier (3 or 4 carriers) aggregation as a function of users per sector per carrier.

Table 3: Gain in Burst Rate due to multi-carrier (3 or 4 carriers) aggregation
	Number of Users Per Sector 
	3-MC gain over DC+SC         
%
	Number of Users Per Sector
	4-MC gain over 2*DC 
  %

	3
	79.92
	4
	78.26

	6
	66.11
	8
	71.78

	12
	57.68
	16
	48.0

	24
	24.93
	32
	22.36

	48
	11.32
	64
	-


As shown above in figure 3, 4 and table 3, we can draw to the conclusion as follows:
· Compared to baseline of 3-carrier system which is deployed as a combination of DC-HSDPA and SC-HSDPA, 3-MC HSDPA has an increase in average burst rate of almost 80%. And there is an increase in the number of users supportable per sector of more than 3 times at a given burst rate, i.e. 5.8Mbps. 
· Compared to baseline of 4-carrier system which is deployed as a pair of DC-HSDPA, 4-MC HSDPA also has an increase in average burst rate of almost 80%. And there is an increase in the number of users supportable per sector of more than 3 times at a given burst rate, e.g.8.7Mbps.
5
Conclusions
In this contribution, we present system simulation results of multi carrier HSDPA operation for multi carrier (3, 4) HSDPA operation. According to the results, it can be conclude that,
· for full buffer traffic, the system performance gain of multi carrier HSDPA operation are as follows:

· for 3-MC HSDPA operation, it benefits about 15%~4% on average sector through put as the number of users per sector per carrier is varied from 1 to 16.  

· for 3-MC HSDPA operation, it benefits about 12%~3.5% on average sector through put as the number of users per sector per carrier is varied from 1 to 16.
· for bursty traffic, there is an increase in average burst rate of almost 80% at most and there is an increase in the number of users supportable per sector of more than 3 times at a given burst rate for multi carrier HSDPA operation.
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