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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 document, we present the performance gains of MC-HSDPA for both full-buffer and bursty traffic under these assumptions for both the 3 and 4 adjacent carrier cases.
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
	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, 4, 8, 16, 32, 64


3
Full Buffer Performance
In a system made up of multiple single carriers of 5MHz bandwidth, each user has to be statically associated to a carrier. We assume that this association is random and balanced so that all the carriers are evenly loaded. In a multi-carrier system, each user will be associated with multiple carriers. In this simulation, we assume each user is allocated to each of the carriers (2, 3, 4) available. Due to this allocation, the Node B proportional fair scheduler can choose from more users each time it schedules. This leads to multi-user diversity gain in the multi-carrier system. This gain is increasing with number of carriers. Note that multi-user diversity gain is significant with a small number of users and decreases with increasing number of users in the sector. 
In this study, we investigate further, in a fair manner, the gains offered by aggregating 3 or 4 DL carriers. For each of these cases, we select a baseline as follows:

· For the 3-carrier (f1, f2, f3) case, we assume that the baseline is deployed as a combination of DC-HSDPA (f1, f2) and SC-HSDPA (f3).

· For the 4-carrier (f1, f2, f3, f4) case, we assume that the baseline is deployed as a combination of 2 DC-HSDPA systems:  (f1, f2) and (f3, f4).

Figure 1 shows the full buffer performance due to multi-carrier (3 or 4 carriers) aggregation for a given number of users per sector. (geographical area).
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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 Per Carrier 
	3-MC gain over DC+SC         %
	4-MC gain over DC+DC        %

	1
	16
	14

	2
	8.4
	8.6

	4
	3.6
	3.6

	8
	3.2
	4.5

	16
	4.6
	4.2


Figure 2 illustrates the user throughput plotted against the throughput per sector per carrier. 
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Figure 2: User throughput versus sector throughput per carrier.

4
Performance with Bursty Data Sources
For bursty traffic, MC-HSDPA provides significant gain in the burst rate defined as the ratio of the burst size and its total time in the system including the transmission time and queuing time [1]. In Release 8, with the introduction of DC-HSDPA, it was shown that the burst rate could be increased by a factor of 2 compared to 2x SC-HSDPA.

In this study, we investigate further, in a fair manner, the gains offered by aggregating 3 or 4 DL carriers. For each of these cases, we select a baseline as follows:
· For the 3-carrier (f1, f2, f3) case, we assume that the baseline is deployed as a combination of DC-HSDPA (f1, f2) and SC-HSDPA (f3).

· For the 4-carrier (f1, f2, f3, f4) case, we assume that the baseline is deployed as a combination of 2 DC-HSDPA systems:  (f1, f2) and (f3, f4).

Figures 4 and 5 illustrate the performance of bursty traffic due to aggregation of 3 and 4 carriers respectively.
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Figure 4: Bursty traffic performance due to 3-carrier aggregation
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Figure 5: Bursty traffic performance due to 4-carrier aggregation
Compared to a 3-carrier system that is deployed as DC-HSDPA (f1, f2) and SC-HSDPA (f3), we observe the following gains due to 3 MC-HSDPA (from Figure 4):
· For a given average burst rate of 6.5 Mbps, we observe >3x gain in the number of users supportable per sector per carrier.
· At 5 users per sector per carrier (15 users per sector), we observe an increase in average burst rate of  >70% 

Compared to a 4-carrier system that is deployed as a pair of DC-HSDPA {(f1, f2), (f3,f4)} systems we observe the following gains due to 4 MC-HSDPA (from Figure 5):

· For a given average burst rate of 8 Mbps, we observe >3x gain in the number of users supportable 

· At 5 users per sector per carrier (15 users per sector), we observe an increase in average burst rate of  >80% 

4
Conclusions

In this contribution, we have presented system simulation performance results for MC-HSDPA (3 and 4 carriers) in a single frequency band. For the sake of fair comparison, the system performance benefit was compared against baseline systems that deploy Release 8 DC-HSDPA. 
In particular, the 3 MC-HSDPA case was compared against a baseline 3-carrier system that is deployed as DC-HSDPA+SC-HSDPA while the 4 MC-HSDPA was compared against a baseline 4-carrier system that is deployed as DC-HSDPA+DC-HSDPA.
· For full buffer traffic, the following system performance benefit due to multi-carrier aggregation was observed:
· For the 3-carrier case, the average sector throughput gain varies from 16% to ~4% as the number of users per sector per carrier is varied from 1 to 16.
· For the 4-carrier case, the average sector throughput gain varies from 14% to ~4% as the number of users per sector per carrier is varied from 1 to 16.
· For bursty traffic, a significant system performance benefit was observed:
· Greater than 3x gain in number of users supportable per sector per carrier at a given average burst rate (6.5 Mbps for the 3-carrier case and 8 Mbps for the 4-carrier case).
· At 5 users per sector per carrier, we observe an increase in average burst rate of  >70% for the 3-carrier case and >80% for the 4-carrier case.
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