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1
Introduction
In [1], a brief description of techniques to achieve performance requirements defined in [2] was given.

In this document, we expand upon the proposal outlined in [1] and describe one candidate design approach of multi-cell HSDPA. This approach requires no changes to 25.211, 25.212 nor 25.213 and enables the re-use of release-6 hardware. It relies on changes to UE procedures defined in 25.214 and the definition of additional performance requirements.

We evaluate the system benefit of dual Rx diversity at the UE, coupled with the use of an advanced receiver type II (linear MMSE equalizer) in a reference MC-HSDPA setup. This will establish a baseline which will further improve with the use of enhanced receiver beyond the type II as discussed in [6].
2
Multi-Cell HSDPA
In R6 HSDPA, DL packet transmissions (HS-DSCH and HS-SCCH) are sent from a single cell to a given UE. Further, the associated UL control signaling (HS-DPCCH) is intended for a single cell from a given UE.

We propose to extend this concept to multiple cells and term this as MC-HSDPA. Multi-carrier HSDPA is a specific instance of MC-HSDPA wherein the same sector transmits to a single UE on multiple carrier frequencies
.

The key features of MC-HSDPA are outlined below:
· Single Node-B with multiple carriers
· Same scrambling code across all carriers within a sector

· Synchronous operation across carriers within a sector

· UL/DL configuration
· Scenario A-I
· NxDL + NxUL due to hardware limitation
· Scenario A-II
· NxDL + MxUL, in particular with M=1 (typically M≤N)
· R7 terminals with multiple carrier Rx and processing capability
· R5/6 and R7 terminals can co-exist in the system at the same time
Figures 1 shows a reference Node-B architectures based on scenario A-I (where N has to be equal to M due to hardware limitation). Figure 2 shows a reference Node-B architecture based on scenario A-II
We note the following:

· Both reference architectures enable an evolution which does not automatically require a hardware change in the Node-B

· MIMO is not considered in this paper but is supported as a further enhancement to the baseline MC‑HSDPA design.
· The reference architecture for scenario B allows for a joint scheduling operation across multiple carrier frequencies
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Figure 1

MC-HSDPA – Reference Node-B – Scenario A-I  
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Figure 2

MC-HSDPA – Reference Node-B – Scenario A-II 
3
Simulation Assumptions
In this section, we evaluate the downlink performance of MC-HSDPA under scenario A-I (i.e. no joint scheduling) in the following cases:
· Use of 1 carrier (5 MHz)  and 4 carriers (20 MHz)

· With and without dual antenna receive diversity in the UE

· Reference receiver complying with enhanced requirement type II as defined in WG4

· No transmit diversity (STTD or CLTD mode 1)

· No MIMO

The rest of the simulation assumptions are outlined in Table 1 and are based upon those outlined in [3].
	Parameter
	Explanation/Assumption

	Cellular layout
	19 Node-B, 3-cell sites

	Number of UEs per sector
	10 UEs with both SC and MC

	Antenna horizontal pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio

	Site to site distance
	2800 m

	Propagation model
	L = 128.1 + 37.6 Log10(R)

	CPICH power
	-10 dB

	Other common channels
	-10 dB

	Power allocated to HSDPA transmission, including associated signalling
	Max. 80 % of total cell power

	Slow fading
	Log normal distribution

	Standard deviation of slow fading
	8 dB

	Correlation between sectors
	1.0

	Correlation between sites
	0.5

	Carrier frequency
	2000 MHz

	BS antenna gain
	14 dB

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Penetration loss
	10dB

	Thermal noise density
	-174 dBm/Hz

	Fast HARQ scheme
	Incremental redundancy

	Number of retransmissions
	3

	Scheduling algorithm
	Proportional Fair

Joint scheduling across all carriers

Reference Node-B II

	BS total Tx power
	Up to 44 dBm

	HSDPA slot length
	2 msec

	MCS feedback delay
	2 TTIs

	MCS selection
	<10% of the raw BLER

	Number of Carriers with MC
	4

	Number of Rx antennas
	1 and 2

	Specific fast fading model
	Jakes spectrum

	Antenna correlation
	Urban macro as given in Table 5.1 in [2]

	Intercell interference modeling
	3 strongest interfering cells modeled as spatially correlated processes
Remaining 53 cells modeled as single path Rayleigh fading

	Link to system interface
	Static AWGN curve used along with corresponding payload adjustment, code rate adjustment, modulation adjustment and Doppler adjustment


Table 1

Simulation Assumptions
In order to model the antenna correlation with multiple Rx antennas and fading across different carrier frequencies, a modified version of spatial channel models [2, 3] is used. The channel delay and power profiles are fixed for each specific channel model as given in Table 2.
	Channel Model
	Path 1 (dB)
	Path 2 (dB)
	Path 3 (dB)
	Path 4 (dB)
	Path 5 (dB)
	Path 6 (dB)

	ITU Veh A
	-3.14
	-4.14
	-12.14
	-13.14
	-18.14
	-23.14

	ITU Ped A
	-0.51
	-10.21
	-19.71
	-23.31
	–
	–

	ITU Ped B
	-3.92
	-4.82
	-8.82
	-11.92
	-11.72
	-27.82


Table 2

Normalized Power Profile
4
Simulation Results

Table 2 presents the system performance with single carrier (SC – 5 MHz) and multi-carrier (MC – 20 MHz) with and without dual receive antennas at the UE.
	Channel Model
	SC

no RxDiv

(Mbps)
	MC

No RxDiv

(Mbps)
	SC

Dual RxDiv

(Mbps)
	MC

Dual RxDiv

(Mbps)

	PA3
	6.38
	27.39
	8.09
	34.81

	PB3
	4.84
	20.10
	7.36
	30.74

	VA30
	2.69
	10.84
	4.89
	19.50

	VA120
	2.52
	10.04
	4.63
	18.61


Table 3

SC-HSDPA vs. MC-HSDPA
A spectral efficiency comparison can be done by normalizing the cell throughput by 5 MHz of utilized bandwidth. This is shown in Figure 3.
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Figure 3

Normalized Average Cell Throughput in 5 MHz
The percentage improvement in spectral efficiency is shown in Table 4.
	Channel Model
	SC

no RxDiv
	MC

No RxDiv
	SC

Dual RxDiv
	MC

Dual RxDiv

	PA3
	-
	7 %
	27 %
	36 %

	PB3
	-
	4 %
	52 %
	58 %

	VA30
	-
	1 %
	82 %
	81 %

	VA120
	-
	0 %
	84 %
	85 %


Table 4

Improvement in Spectral Efficiency 

We observe that:

· Less multipath ( frequency non-selectivity within a carrier

· MC-HSDPA provides carrier frequency diversity

· Better improvement in spectral efficiency for PA3

· Use of dual Rx antennas improves the received SNR

· Large improvement in spectral efficiency

· More improvement with multipath and Doppler

· MC-HSDPA + Rx Div

· Spectral efficiency improvement ranges from 58% to 85% in severe multipath channels
The initial BLER and residual BLER results are shown in Figures 4 and 5.
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Figure 4

Initial BLER
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Figure 5

Residual BLER
The fairness results are shown in Figures 6 to 10. Note that the fairness improves significantly when dual Rx antennas are used. Therefore, the spectral efficiency with Rx diversity shown in Table 4 can be improved even further.
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Figure 6

Fairness – PA3 
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Figure 7

Fairness – PB3 
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Figure 8

Fairness – VA30 
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Figure 9

Fairness – VA120 
5
Conclusions
In this document, we outlined the concept of MC-HSDPA and evaluated its performance in the non-transmit diversity case (no STTD/CLTD/MIMO) and without considering joint scheduling across the multiple carriers. This performance can be therefore achieved without baseband nor RF modification at the Node-B.
Support of dual antenna receive diversity in the UE in addition to enhanced receiver type II enables an improvement in spectral efficiency by 27% to 85% depending upon the channel and carrier configuration.

The performance was evaluated using a linear MMSE receiver, which is the reference receiver architecture for the current R6 specification work going on in RAN4. In [6] we evaluate the link performance with a single carrier frequency domain equalizer (SC-FDE) based receiver which we believe will further enhance the performance of SC‑HSDPA and MC‑HSDPA shown in this paper.
6
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A.1
LMMSE Equalizer Description

Consider the scenario with 1 Tx antenna and N receive antennas. Assuming Cx1 sampling at the receiver:
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Let E be the span of the equalizer measured in units of the chip period. Then:
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In this simulation, the equalizer window size E is chosen to be 3L and the decision delay D is 2L-1. If we write 
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the equalizer output SNR can be derived as 
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wherein 
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 is the noise + interference covariance matrix and P is the Tx power on HS-DSCH. 

In order to derive 
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 we can write the received signal as:
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For those cells whose fading needs to be fully modeled,  
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 takes a similar form as 
[image: image18.wmf]H

 while the remaining cells are modeled as single path from the transmit antenna to any one of the receive antennas with the variance modeled based on a flat Rayleigh fading process. If we assume B is the fading set in which the fading has to be fully modeled and C is the set where the fading is only modeled as single path, we have
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where 
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 is the single path Rayleigh fading from Tx antenna in jth cell to the ith Rx antenna at the UE.

A.2
MC Scheduler

The scheduler with MC-HSDPA is an extension of the PF scheduler with SC. With MC, the PF scheduler computes the priority for ith user on jth carrier as: 
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 is the throughput of the ith user across all carriers and it is updated as follows:
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in which 
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 is the throughput update window size and 
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� In WCDMA, a cell is defined by a scrambling code and carrier frequency.
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