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1
Introduction
This document is a slight revision of R1-090572. Figures 1a, 3a and 7a have been added to compare the performance of 4-MC v/s 2xDC in the 2+2 Inter-Band configuration for the PA3 channel. As a result Table 2 has been appended with an extra column to summarize the comparison between 4-MC and 2xDC-HSDPA.  We also summarize the bursty traffic system performance benefit for the 4-MC over the 2xDC-HSDPA case for the PA3 channel. Finally, a typo was spotted in the legend of Figure 4 and that has been corrected in this document.
In the RANWG1#55-bis, a set of system simulation assumptions were agreed upon in [1] to evaluate the downlink system performance of multiple carriers across two frequency bands. In this document, we present the performance gains of MC-HSDPA for both full-buffer and bursty traffic under these assumptions.
2
System Simulation Assumptions
The system simulation assumptions are based on [1] and listed below in Table 1.
Table 1: System Simulation Assumptions for Inter-Band MC-HSDPA

	Parameters
	Values and comments

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

	Inter-site distance
	2800m

	Carrier Frequency [Band 1, Band 2]
	[2000 MHz, 900 MHz]

	Path Loss- Band 1

Path Loss- Band 2
	L=128.1 + 37.6log10(R), R in kilometers

L=120.9 +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 

Inter-Band Correlation : 0.9

	Number of Carriers in each band

[Band 1, Band 2]
	[1, 1],  [2,2]

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
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	Channel Model
	PA3, VA30 
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

Total available power for  HS-PDSCH and HS-SCCH is 70% of Node B Tx power, with HS-SCCH transmit power being driven by 1% HS-SCCH BLER

	HS-DPCCH 
	9 slot CQI delay

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

CQI quantization is modeled

Error-free CQI and ACK decoding

CQI feedback cycle  = 4 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 single carrier and DC-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. The serving cell is based on geometry seen on the 900 MHz band. 

	Traffic model
	Full buffer and Bursty Traffic Model

	Queuing and Scheduling
	Joint-queue and Proportional Fair

	UE distribution 
	Uniform over the area

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

4 carriers: 1, 4, 8, 16, 32, 64, 128


3
Full Buffer Performance
Figures 1, 1a and 2 show the sector capacity gains from multi-carrier aggregation with same number of users in the geographical area. 
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Figure 1: Sector throughput: Inter-Band 1+1, 2+2, PA3
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Figure 1a: Sector Throughput: Inter-Band, 4-MC v/s 2xDC
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Figure 2: Sector throughput: Inter-Band 1+1, 2+2, VA30
Table 2 summarizes the gain due to multi-carrier (2, 4) aggregation across 2 frequency bands over (2x, 4x) SC-HSDPA.
Table 2: Gain in Full Buffer Sector Throughput due to multi-carrier (2 or 4 carriers) aggregation across 2 frequency bands

	Channel Type
	Number of Users Per Sector Per Carrier
	DC-HSDPA (1+1) gain over 2x SC-HSDPA

%
	4 MC-HSDPA (2+2) gain over 4x SC-HSDPA

%
	4 MC-HSDPA (2+2) gain over 2x DC-HSDPA

%

	PA3
	1
	26
	46
	12.3

	PA3
	2
	17
	30
	6.75

	PA3
	4
	12
	22
	5.8

	PA3
	8
	11
	17
	7.9

	PA3
	16
	10
	16
	8.8

	VA30
	1
	11
	18
	N/A

	VA30
	2
	10
	14
	N/A

	VA30
	4
	10
	11
	N/A

	VA30
	8
	9
	8.5
	N/A

	VA30
	16
	9
	8
	N/A


Figures 3, 3a, and 4 illustrate the user throughput plotted against the throughput per sector per carrier in PA3 and VA30 respectively.
. 
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Figure 3: User throughput versus sector throughput per carrier, PA3
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Figure 3a: User throughput versus sector throughput per carrier, PA3, 4-MC v/s 2xDC
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Figure 4: User throughput versus sector throughput per carrier, VA30

Figures 5 and 6 illustrate the user throughput gain as a function of user throughput percentile for the PA3 and VA30 channels respectively.
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Figure 5:  Gain in the user throughput vs user throughput percentile, PA3
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Figure 6:  Gain in the user throughput vs user throughput percentile, VA30
For the PA3 channel, we observe the following (from Figure 5):

· Cell edge (10 percentile) users see about 50% gains with 4-MC HSDPA over 4xSC HSDPA.

· Cell edge users see about 35% gains with DC HSDPA over 2xSC HSDPA.

For the VA30 channel, we observe the following (from Figure 6):

· Cell edge (10 percentile) users see about 45% gains with 4-MC HSDPA over 4xSC HSDPA.

· Cell edge users see about 35% gains with DC HSDPA over 2xSC HSDPA.

4
Performance with Bursty Data Sources
For bursty traffic, N-carrier HSDPA provides Nx 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]. 
Figures 7 and 8 illustrate the performance of bursty traffic due to aggregation of 2 and 4 carriers respectively across 2 frequency bands.
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Figure 7: Bursty traffic performance of Inter-Band MC-HSDPA, PA3
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Figure 7a: Bursty traffic performance of Inter-Band MC-HSDPA, PA3, 4-MC v/s 2xDC
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Figure 8: Bursty traffic performance of Inter-Band MC-HSDPA, VA30

As seen in the above figures, the gains are similar for PA3 and VA30.

For the 2-carrier system, we observe the following gains due to inter-band operation (1+1) over 2x SC-HSDPA 

· For a given average burst rate of 3 Mbps, we observe >2x gain in the number of users supportable per sector per carrier.

· At 20 users per sector, we observe an increase in average burst rate of  ~100%. 

For the 4-carrier system, we observe the following gains due to inter-band operation (2+2) over 4x SC-HSDPA 

· For a given average burst rate of 2.5 Mbps, we observe >2x gain in the number of users supportable per sector per carrier..

· At 20 users per sector, we observe an increase in average burst rate of  ~300% 
For the 4-carrier system, we observe the following gains due to inter-band operation (2+2) over 2x DC-HSDPA 

· In PA3, for a given average burst rate of 7.5 Mbps, we observe >3.5x gain in the number of users supportable per sector per carrier..

· At 16 users per sector, we observe an increase in average burst rate of  ~85% 

4
Conclusions

In this contribution, we have presented system simulation performance results for inter-band MC-HSDPA (2 and 4 carriers) operation in PA3 and VA30 channels (CQI feedback cycle per carrier is set to 4 TTI).
· For full buffer traffic, the following system performance benefit due to multi-carrier aggregation across 2 frequency bands was observed:
· For the 2-carrier case (1+1) compared to 2xSC-HSDPA:

· In PA3, the average sector throughput gain varies from 26% to ~10% as the number of users per sector per carrier is varied from 1 to 16.

· In VA30, the average sector throughput gain varies from 11% to 9% as the number of users per sector per carrier is varied from 1 to 16.

· For the 4-carrier case (2+2) compared to 4xSC-HSDPA:
· In PA3, the average sector throughput gain varies from 46% to 16% as the number of users per sector per carrier is varied from 1 to 16.

· In VA30, the average sector throughput gain varies from 18% to 8% as the number of users per sector per carrier is varied from 1 to 16.
· For the 4-carrier case (2+2) compared to 2xDC-HSDPA:

· In PA3, the average sector throughput gain varies from 12% to 8% 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 for MC-HSDPA:
· 2x to 3.5x gain in number of users supportable per sector per carrier at a given average burst rate (3 Mbps for the 2-carrier case and 2.5 Mbps for the 4-carrier case when comparing with the SC-HSDPA case and 7.5 Mbps for the 4-carrier case when comparing with the 2xDC-HSDPA case).
· At 20 users per sector, we observe an increase in average burst rate of 
· 100% for the 2-carrier (1+1) case over 2x SC-HSDPA and
· 300% for the 4-carrier (2+2) case over 4xSC-HSDPA.
· 85% for the 4-carrier (2+2) case over 2xDC-HSDPA.
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