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1. Introduction
In 3GPP RAN#70 meeting a new study item Multi-Carrier Enhancements for UMTS was approved. In [1] the following objective should be considered for Multi-Carrier Enhancements:
· Identify the scenarios for DB-DC-HSUPA/DC-HSUPA features and investigate mechanisms to improve coverage/capacity.
· Study the potential deployment scenarios, e.g. scheduling 2ms+10ms TTI or 10ms+10ms TTI for uplink transmission with dual carrier.(RAN1, RAN2)
· Investigate the performance for the enhanced scenarios and the impact on current mechanism, e.g. E-TFC selection, 2ms and 10ms switch, RRC measurement and handover.(RAN1, RAN2)

This contribution discusses evaluation methodology and initial results for Multi-Carrier Enhancements. 
2. Evaluation methodology
2.1 Evaluation methodology and metrics
Regarding the evaluation methodology for multi-carrier enhancements, the following aspects have been considered for the link level simulations.
· Carrier frequency: for uplink transmission in the dual band dual carrier scenario, the carrier frequencies are 900MHz and 2GHz.
· The total transmission power per UE is fixed to 23dBm. For uplink transmission with dual carrier, the total power would be shared between the two carriers. Various power settings between two carriers are used in the evaluations. 
· The distance between UE and the NodeB is fixed to 500m to emulate the far field UE position. In the dual band scenario, the path loss difference between two bands shall be reflected in the minimum coupling loss (MCL) calculation, which is defined as the minimum path loss between UE and the NodeB antenna connectors. 
· For the E-DPDCHs on dual carrier, the data rate can be different and a desired BLER level of 10% for the initial transmission is targeted for both the carriers. The power ratio of E-DPDCH/DPCCH can also be differed and optimized to optimize coverage/throughput.
· ILPC and OLPC are turned off.
· Performance of the scenario of 2ms+2ms TTI is set as the baseline.
To study the scenario of 2ms + 10ms TTI for uplink transmission, the following metrics should be investigated:
· Total effective throughput: for a certain coverage, which is measured as MCL, the total throughput for the two carriers for the different TTI configurations is calculated and the gains are calculated with respect to the 2ms + 2ms TTI scenario. 
2.2 Simulation assumptions
According to the above methodology and the metrics, the simulation assumptions are shown in Table 1.
Table 1 	Simulation assumptions for Multi-Carrier Enhancements
	Parameter
	Assumption

	Data rate (kbps)
	To be provided with evaluation results (EUL)

	Node B Rx receiver type
	RAKE

	Number of UE antennas
	1 antenna

	Number of Node B antennas
	2 antennas (uncorrelated)

	Total transmission power
	23 dBm at antenna connector

	Node B receiver noise figure
	5 dB

	Thermal noise density (dBm/Hz)
	-174

	Interference margin (dB)
	0

	Soft/softer handover
	No soft/softer handover

	Uplink rise-over-thermal (RoT) operation point
	10 dB

	Channel model
	PA3

	Carrier frequency
	900MHz, 2 GHz
The formula of the Path Loss [2]:
900MHz：PL(R) = 120.9 + 37.6log10(R)
2GHz:     PL(R) = 128.1 + 37.6log10(R)
R (km) is the distance between UE and Node B.

	BLER target
	10% BLER for the initial transmission

	Power control
	ILPC: OFF
OLPC: OFF



3. Evaluation results
According to the above simulation assumptions, the evaluation results for the scenario of 2ms+10ms TTI and 2ms +10ms TTI are shown in the following tables.
In Table 2~4, the UE power level used on the primary carrier is different. For each case, the effective throughput would be compared by fixing the coverage (MCL). Based on the path loss model given in the simulation assumptions, the MCL for dual band is about 109.6dB and 116.8dB assuming a 500m distance between UE and the NodeB. About 7.2dB more MCL is needed at the 2GHz carrier than 900MHz carrier to compensate for the path loss difference between them. The MCL is calculated as follows.
MCL = Tx power – Effective noise power – received Ec/N0 (dB)    													(1)
where 
Effective noise power = Thermal noise density + Receiver noise figure + Interference margin + 10*log(Occupied channel bandwidth) + Uplink RoT              																			(2)
The parameter values of Thermal noise density, Receiver noise figure, Interference margin and Uplink RoT are set to the typical values and listed in Table 1. The Occupied channel bandwidth is equal to 3840000Hz for UMTS. 
In the tables, UE throughput results from various power settings on 900MHz and 2GHz are shown. The MCL is fixed to 109.76dB on 900MHz and 116.76dB on 2GHz. These MCL values are the values obtained for 500m distance between UE and the NodeB. For a given MCL corresponding to a certain band and UE transmit power, we derive the received Ec/N0 according to equation (1).Then, we find the throughput achievable for that received Ec/N0. The throughput is obtained with the assumption of 10% initial BLER. 
The throughput gains for DB-DC-HSUPA shown in Table 2,3 and 4 are the gains of 2ms+10ms configuration respect to 2ms+2ms configuration (DC gains), and the gains of the 10ms TTI respect to 2ms TTI in the 2GHz band when dual carrier is configured. Those gains are computed as follows.
DC Gain (%) = ((Total throughput for 2ms+10ms TTI) – (Total throughput for 2ms+2ms TTI)) / (Total throughput for 2ms+2ms TTI)            							                                               			 (3)
2GHz band Gain (%) = ((Throughput for 10ms TTI with 2GHz) – (Throughput for 2ms TTI with 2GHz)) / (Throughput for 2ms TTI with 2GHz)     																                      (4)
Table 2 Evaluation with maximum Tx power for primary carrier 13dBm (PA3)
	Scenario
	TTI & Carrier Frequency
	MCL
(dB)
	Tx power
(dBm)
	Received Ec/N0
(dB)
	Data rate
(kbps)
	Tput
(kbit/s)
	Total Tput
(kbit/s)
	Dual Carrier gain
	2GHz band gain

	2ms+2ms
	2ms,900MHz
	109.76
	13
	-3.6
	1024
	921.6
	2005.2
	-
	-

	
	2ms,2GHz
	116.76
	22.55
	-1.05
	1204
	1083.6
	
	
	

	2ms+10ms
	2ms,900MHz
	109.76
	13
	-3.6
	1024
	921.6
	2344.3
	16.9%
	31.3%

	
	10ms,2GHz
	116.76
	22.55
	-1.05
	1580.8
	1422.7
	
	
	



Table 3 Evaluation with maximum Tx power for primary carrier 16dBm (PA3)
	Scenario
	TTI & Carrier Frequency
	MCL
(dB)
	Tx power
(dBm)
	Received Ec/N0
(dB)
	Data rate
(kbps)
	Tput
(kbit/s)
	Total Tput
(kbit/s)
	Dual Carrier gain
	2GHz band gain

	2ms+2ms
	2ms,900MHz
	109.76
	16
	-0.6
	2048
	1843.2
	2902.6
	-
	-

	
	2ms,2GHz
	116.76
	22.04
	-1.56
	1177
	1059.4
	
	
	

	2ms+10ms
	2ms,900MHz
	109.76
	16
	-0.6
	2048
	1843.2
	3231.2
	11.3%
	31.0%

	
	10ms,2GHz
	116.76
	22.04
	-1.56
	1542.2
	1388.0
	
	
	



Table 4 Evaluation with maximum Tx power for primary carrier 19dBm (PA3)
	Scenario
	TTI & Carrier Frequency
	MCL
(dB)
	Tx power
(dBm)
	Received Ec/N0
(dB)
	Data rate
(kbps)
	Tput
(kbit/s)
	Total Tput
(kbit/s)
	Dual Carrier gain
	2GHz band gain

	2ms+2ms
	2ms,900MHz
	109.76
	19
	2.4
	2706
	2435.4
	3421.8
	-
	-

	
	2ms,2GHz
	116.76
	20.8
	-2.8
	1096
	986.4
	
	
	

	2ms+10ms
	2ms,900MHz
	109.76
	19
	2.4
	2706
	2435.4
	3684.6
	7.7%
	26.6%

	
	10ms,2GHz
	116.76
	20.8
	-2.8
	1388
	1249.2
	
	
	



From the above results, the following observations can be made:
· The more power spent on 900MHz, the higher total throughput can be achieved. This is because the path loss on 900MHz is about 7dB less than the path loss on 2GHz.
· The 10ms TTI performs 26.6%~31.3% better than 2ms TTI on the 2GHz carrier. Higher throughput can be achieved from 10ms TTI on 2GHz for the same MCL.
· Total effective throughput gains of about 7.7%~16.9% can be achieved with 2ms+10ms TTI respect to 2ms+2ms TTI.
Observation 1: For DB-DC-HSUPA, for the same MCL on 2GHz carrier, the throughput for 10ms TTI configuration is 26.6%~31.3% higher than 2ms TTI configuration. 
Observation 2: For DB-DC-HSUPA, the total throughput gain of 2ms + 10ms configuration over 2ms + 2ms configuration can be 7.7%~16.9%.
4. Conclusion
In this contribution, the evaluation methodology and basic simulation assumptions are analyzed. Evaluation results are shown that for DB-DC-HSUPA, when 2ms TTI is used on lower band, using 10ms TTI on the higher band shows throughput gains over the 2ms TTI on the higher band. The evaluations use 900MHz as the lower band and 2GHz as the higher band. It is observed that:
Observation 1: For DB-DC-HSUPA, for the same MCL on 2GHz carrier, the throughput for 10ms TTI configuration is 26.6%~31% higher than 2ms TTI configuration. 
Observation 2: For DB-DC-HSUPA, the total throughput gain of 2ms + 10ms configuration over 2ms + 2ms configuration can be 7.7%~16.9%.
It is proposed:
Proposal 1: Agree on the methodology presented in this contribution.
Proposal 2: Capture the methodology and evaluation results in the technical report.
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