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1 Introduction
At RAN#38 a Study Item proposal on COACH ‎[1] was discussed. This triggered us to take a closer look on the performance of a potential multi-carrier HSPA system. Here we present some initial link and system level simulation results for a system with two carriers. We compare the link throughput and achievable bitrates for some different channel dispersions. We further compare the system throughput for different receiver types such as RAKE and different LMMSE receivers.
2 Multi-Carrier operation

In Rel-7 several new features were introduced to increase the data rate of HSPA, e.g., MIMO and higher order modulation (HOM). This extends the DL peak rate of the system up to 28Mbps. In Rel-8 these features are combined to reach up to 42 Mbps. An alternative way to increase the data rate would be to transmit over a larger bandwidth. This can, for example, be done by transmitting several WCDMA carriers in parallel. The data rate of such system will, approximately, scale linearly with the number of used carriers. Hence, using 2 carriers would support a DL data rate up to 42 Mbps if HOM is applied without MIMO and up to 56 Mbps if MIMO is applied without HOM to both carriers.

The main benefit of HOM and MIMO is mainly seen at moderate to high geometry factors. In contrast MC operation provides higher bit rates already at low to moderate geometries. Allowing for flexible scheduling between all used carriers would result in some scheduling gain, thus the overall gain will exceed that of pure scaling with the bandwidth.

Several ways of deploying MC operation in a WCDMA network can be envisaged. For example, several independent legacy carriers can be deployed in parallel and data for a MC aware UE can be multiplex over the carriers. Alternatively, all control channels can be deployed on one (legacy) carrier leaving additional carriers “empty” for data transmission. This has the benefit that a higher SINR can be achieved leading to higher throughput for such a carrier. If asymmetric allocations are seen as useful, e.g. using several carriers in the DL while transmitting only on one carrier in UL, all control channels needs to go on one carrier. Hence, allowing for some flexibility in control channel allocation has the potential to give a more flexible carrier allocation.

To illustrate the potential gain with MC operation, we have conducted a set of link and system level simulations. No optimizations regarding control channel overhead etc. have been made, so the results can be regarded as preliminary.
3 Link simulation results

It is interesting to compare the throughput (as a function of SNR) of different transmission modes that have the same peak rate. For example Rel-8 MIMO can be compared with a MC system operating at 2 carriers, both providing a peak-rate of 42Mbps.

Two different channel types are investigated here, PedA and TU, in both cases the UE speed is 3kmph. Furthermore, uncorrelated fading between all Tx-Rx pairs is assumed in case of MIMO transmission. The achievable peak bitrates of the different transmission modes simulated here is given below.

	Mode
	Rel-6
	Rel-7: 64QAM
	Rel-7: MIMO
	Rel-8: MIMO+64QAM
	2 MC+
64QAM
	2 MC+
MIMO+64QAM

	Peak rate(Mbps)
	14
	21
	28
	42
	42
	84


In the results provided here, we assume that the basestation Tx power scales with the number of carriers. 

Figure 1 shows the median throughput for PedA channel while the corresponding curves for TU channel is shown in Figure 2. It can be noted that 

· For high geometries, the throughput scales with the modulation and MIMO order, i.e. Rel-7 MIMO has twice the throughput compared to Rel-6. The same is true for the number of used carriers. 

· For more moderate geometries it can be noted, as expected, that the gain from HOM or MIMO is lower. On the other hand, the throughput for a two-carrier system scales with a factor of two regardless of the operating SNR. 

· As expected, the gain with MC, compared to HOM or MIMO, is higher in channels with large time dispersion.
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Figure 1: Throughput for different modes as a function of SNR (pedA).
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Figure 2: Throughput for different modes as a function of SNR (TU channel).

4 System level results
To compare different deployment strategies, we have conducted a set of system level simulation where the performance of these strategies is compared. First we compare the potentials of a MC system. In Figure 3 the achievable bitrates for a single versus a MC system is shown when using different types of receivers in a PedA channel. The corresponding results assuming a TU channel is depicted in Figure 4. The results shown here is for a 10% system load. Results for a higher load scenario (50%) are shown in Appendix.
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Figure 3: Achievable bitrates for a single and multi carrier system, PedA channel, assuming different receivers at the UE side.
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Figure 4: Achievable bitrates for a single and multi carrier system, TU channel, assuming different receivers at the UE side.
From the figures above we can conclude that the achievable bitrate, as expected, is doubled when going from one to two carriers. We also note that this seem to be rather independent on the time dispersion of the channel. For this deployment, the expected median bitrate, if an MMSE receiver is used in the UE, can be increased from 7 to 13Mbps in PedA and from 4 to 8 Mbps in a TU scenario. We also note that the gains are fairly independent of the system load, except that the absolute numbers are lower for the more dispersive case of TU channels.

5 Summary and conclusions

In this contribution we have studied some aspects of a potential multi carrier (MC) operation of a HSPA system. The DL performance of a MC system has been compared to that given by features introduced in Rel-7 and Rel-8. Using the link and system level results presented here, we can see that even if the peak rate of a Rel-7 system with e.g. MIMO is the same as for a dual carrier system without MIMO, one can expect higher throughput for low and moderate geometries in case of MC. By applying MC transmission, significantly higher data rates are achievable for most users, including users experiencing low and moderate SNR, resulting in more users having access to high data rates. Furthermore, due to scheduling gains, the system capacity is also expected to be increased compared to system where the carriers are used independently.
6 References
[1] RP-071043, Proposed new SI on Collaborative operation for advanced HSPA.
7 Appendix

Here the system level results for a more loaded scenario are shown. The Figures show the achievable bitrate in case of PedA and TU channel for a system load of 50%.
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Figure 5: Achievable bitrate for different receivers in PedA (50% system load).
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Figure 6: Achievable bitrate for different receivers in TU channel (50% system load).
The tables below lists the parameters used in the system simulations.

	Parameter
	Assumption

	Cell Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site with wrap-around

	Inter-site distance
	1 800 m

	Frequency
	1 900 MHz

	Distance-dependent path loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	8dB Standard Deviation
50% Inter-Site Correlation
100% Inter-Sector Correlation
Correlation Distance: 50m 

	In-Building Penetration Losses 
	15 dB (all users)

	Max BS Antenna Gain
	17 dBi 

	Antenna pattern
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	Channel Model
	Typical Urban (TU) / Pedestrian A (PedA)

	UE speeds 
	3 km/h

	CPICH Power
	36 dBm

	Admission Threshold
	Ec/Io > -18dB

	UE Antenna Gain
	0 dBi

	UE noise figure
	10 dB

	UE Receiver Type
	RAKE (Basic)
LMMSE1 (Linear MMSE with one antenna)
LMMSE2 (Linear MMSE with two antennas)

	Implementation Margin
	No impairments included

	Max Cell Transmit Power
	40 W (46 dBm)


	Parameter
	Assumption

	Total DL Losses 
	8.6 dB (Including body Losses, but not building penetration losses) 

	Common Channels Power Fraction 
	21% (including 10% for CPICH) 

	Max HSDPA Power 
	Case 1: All Power available for HSDPA and associated channels 

	Multicodes reserved for HS-DSCH
	14

	RLC
	Approximation of enhanced layer 2

	Modulation
	QPSK, 16-QAM and 64-QAM

	HSDPA Scheduling Algorithm
	Round Robin

	UE capability
	15 codes and 64QAM enabled, 

	HS-SCCH
	Explicitly modelled, power range: [21 dBm  36 dBm], 

CIR target: -17 dB 

	A-DPCH
	Explicitly modelled

	Active Set Management
	Link Addition threshold = 4 dB

Deletion threshold = 4 dB

Max Active set size = 3

	Traffic model
	Full Buffer, downlink only

	Traffic distribution
	Uniform over the area

	Load Factor 
	10%, 50% 

	Code multiplexing
	No

	C/I estimation
	Perfect

	CQI back-off
	1 dB

	CQI bias
	No

	CQI reporting delay
	0 ms


� EMBED Equation.3  ���





� EMBED Equation.3  ���
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