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1.0 Introduction

MIMO has been a work item within 3GPP since August 2001. In recent WG1 meetings, several text proposals covering proposed MIMO schemes have been agreed for inclusion in the TR [4] and discussions have been made to finalise the applicable system simulation scenarios and assumptions. For an accurate and realistic estimate of potential benefits from MIMO, it is crucial to quantify the benefits via performance comparisons with existing WCDMA systems. In this paper, we attempt to address this issue and introduce two possible scenarios that can be used as possible references. The first suggested possible reference is a simple extension of a Release 5 WCDMA system with increased sectorisation while the second method is based on a combination of sectorisation and fixed beamforming.

2.0 Beamforming Options in Release 5 WCDMA

The use of antenna arrays is a well-known method to help increase the capacity and the coverage of cellular systems significantly. The current UMTS specifications allow two beamforming modes in the downlink within one logical cell. – beamforming with dedicated pilots and fixed beamforming. The following is a brief description of each scheme.

· Beamforming with Dedicated Pilots – In this scenario, individual beams are generated for each UE within the cell. This technique prevents the use of the full sector P-CPICH as a phase reference as the phase rotation of that and any user specific beam is expected to be different. A possible solution in this case is to use dedicated pilots for phase reference instead of the P-CPICH.

· Fixed Beamforming – This refers to a case where a finite set of beams is synthesised at the Node B so that multiple UE’s can receive signals under the same beam. Each fixed beam is associated with a unique secondary common pilot channel (S-CPICH) that can be used as a phase reference by all UE’s that receive data under the same beam. The P-CPICH still needs to be transmitted using the sector beam in this case. Each UE is assumed to receive data from one fixed beam alone in addition to the common data that it receives from the sector beam.

Applicability of different beamforming solutions to Release 5 WCDMA physical channels is detailed in the table below.
	Transport Channels
	Physical Channels
	Beamforming with Dedicated Pilots
	Fixed Beamforming

	DCH
	DPCH
	Yes
	Yes

	DSCH
	PDSCH
	Yes
	Yes

	HS-DSCH
	HS-PDSCH
	Optional
	Yes


	BCH
	PCCPCH
	No
	No

	FACH
	SCCPCH
	No
	No

	Other Channels 
	AICH, SCH, PICH
	No
	No


Applicability of beamforming to the PDSCH is restricted to when the associated DPCH is transmitted under the same beam as the PDSCH. 

3.0 Proposed Reference Cases

3.1 Increased Cell Sectorisation 

The potential capacity and coverage gains by increased sectorisation in a WCDMA network have been demonstrated in [2]. Investigations of 3 and 6 sector cells with different beam widths have demonstrated that the coverage of WCDMA can be improved with increased sectorisation. The coverage is also seen to increase with the number of sectors. Capacity calculations also reported there demonstrate that the capacity can be substantially improved through adequate number of sectors and correct antenna beamwidth. The choice of the antenna beamwidth needs to be made judiciously in order not to compromise the benefits of sectorisation by increasing the interference leakage from one sector to another. As per the analysis in [2], optimum performance is obtained for a scenario with six sectors and 33 degrees antenna beamwidth.

Capacity gains in the downlink with different types of sectorisation for a homogeneous distribution of 8 kbps speech users with a speed of 50 km/hr compared to an omni directional scenario as demonstrated in [2] are shown in Figure 1. It is to be noted that the a 6 sector site with 33 degree antenna beamwidth can support about 5 times as many users as compared to an omni directional antenna configured site. This type of a network configuration can hence be used as a potential reference scenario for any MIMO scheme. 

Sectorisation gains with dual antenna UE’s are also reported for HSDPA type traffic in [5] where their performance is compared with 3 sector MIMO systems.
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        Figure 1: Downlink Capacity Gain by Sectorisation

3.2 Fixed Beamforming

Figure 2 describes this proposed reference scheme in more detail. The sector beam carrying the P-CPICH is transmitted under the primary scrambling code. In order to avoid channelisation code resource shortage, each fixed beam can be associated with its own scrambling code and independent channelisation code tree. As an illustration, in Figure 2 three of the six fixed beams are transmitted under the primary scrambling code while the remaining three are transmitted under a secondary scrambling code with an independent code tree. The secondary scrambling code can be chosen from the set of 15 associated with each primary scrambling code.

The penalty of using more than one scrambling code per cell is degradation in the orthogonality of the received signals, since only signals transmitted under the same scrambling code are orthogonal. However, splitting the cell into different scrambling code regions can mitigate this loss, so that the spatial isolation between the beams using different scrambling codes helps to compensate for the loss in orthogonality. The loss of orthogonality is also dependent on the temporal dispersion characteristics of the fading channel.
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                Figure 2: Beamforming Configuration

Normalised downlink capacity gain from system simulations of the proposed beamforming scenario with different sector configurations and RAKE receiver equipped UE’s for a 64 kbps service is presented below in comparison to the standard three sector configuration.

	Configuration
	Normalised Capacity

	Three Sectors

- Panel antennas with 65 degree beamwidth
	1.0

	Six Sectors

- Panel antennas with 33 degree beamwidth
	1.5

	Three Sectors and Fixed Beamforming

- Three antenna array, 4 antennas with 6 beams per array 
	2.4


Simulation results with the scenario as shown in Figure 2 indicate that the normalised potential gain in downlink capacity over 3 sectored cells with 65 degrees antenna beamwidth to be 2.4.

4.0 Conclusions

In this contribution, we have opened the discussion to finalise the reference case issue for MIMO and have proposed two schemes that can be used as potential reference cases in the comparison. In our view, a suitable reference case needs to be agreed within WG1 before MIMO system simulation results are presented and any conclusion is made on the performance benefit from any suggested MIMO scheme. 

5.0 References

[1] “Application and Performance of Downlink Beamforming Techniques in UMTS” – Klaus Pedersen, Preben Mogensen, Juan Ramiro-Moreno – IEEE Communications Magazine – Vol 41, Issues 10, October 2003, pg 134-143

[2] “The impact of Base Station Sectorisation on WCDMA Radio Network Performance” – Achim Wacker, Jaana Laiho, Kari Sipila, Kari Heiska, IEEE Transactions on Vehicular Technology

[3] “Radio Network Planning and Optimisation for UMTS” – Jaana Laiho, Achim Wacker, Tomas Novosad – John Wiley Publications 2002

[4] TR25.876, “Multiple Input Multiple Output in UTRA”, V1.1.1.

[5] R1-030556 – “A Comparison of Ideal Relative Data Throughput of MIMO and Release 5” – Motorola – 3GPP TSG RAN WG1#32, May 19th – 22nd 2003, Paris, France

� Assuming that the HS-SCCH and the associated DPCH are transmitted under the same beam
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