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1. introduction

HSDPA UE capability classes have been suggested based on the maximum number of supported codes, the maximum constellation size, and the number of stop-and-wait channels [1][2]. We suggest additional UE classes for MIMO systems based on number of antennas.

2. UE capability class based on number of antennas

It is possible to use a UE with multiple antennas for a HSDPA system with single antenna or STTD transmission. In fact, such UEs would be desirable since the gains due to receiver diversity and combining would allow for a higher data rate at a given geometry.  

For HSDPA transmission, the interpretation by the Node B of the channel quality indication bits on the uplink signalling does not depend on the number of antennas. However, the number of antennas would affect the range of these bits because of combining gains and would affect their variance because of diversity. Therefore it would still be useful for the Node B to differentiate UEs based on number of antennas.

As shown in the appendix of this contribution, simulations results indicate the data throughput performance can be significantly improved by adding additional antennas. Therefore, we propose to define UE optional capability classes in Release 5 for UE with two and four antennas, as shown in Table 1.

Table 1 Number of antennas based UE capability classes

UE Capability Class
Number of Antennas

A
1

B
2

C
4

3. conclusions

We propose the number of antennas at the UE as an additional parameter in UE capability classification in Release 5.
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5. Appendix: Performance Benefit from additional receiving antennas 

5.1 Simulation configuration and results

The link performance of some configurations of multiple transmit and receive antennas for data rate of 2.4 Mbps and 4.8 Mbps are presented in Figure 1 and Figure 2, respectively. The definitions of the configurations are listed in Table 2. The channel is single path flat Rayleigh with speed of 3 km/h and ideal channel estimation. The frame size is 5 slots. The required Ior/Ioc to support 1% and 10% FER, obtained from the simulations, are listed in Table 3.

Table 2 Simulation configuration

Configuration
Number of Tx antenna
Number of Rx antenna

1,1
1
1

1,2
1
2 with MRC

1,4
1
4 with MRC

2,1 
2 STTD
1

2,2 
2 STTD
2 with MRC

Table 3 Required Ior/Ioc (dB) to support 1% and 10% FER

Ant Config
2.4 Mbps
4.8 Mbps


Code rate
Mod.
10% FER 
1% FER
Code rate
Mod.
10% FER 
1% FER

1,1
  1/2 
QPSK
9.5
20
 1/2
16QAM
15.4
24.9

1, 2
  1/2 
QPSK
3
8.4
 1/2
16QAM
8.1
13.3

1,4
  1/2 
QPSK
-2.5
0.8
 1/2
16QAM
2.7
6.2

2, 1
  1/2 
QPSK
5.6
11.4
 1/2
16QAM
11
16

2, 2
  1/2 
QPSK
0.2
3.7
 1/2
16QAM
5.9
9.1

5.2 Analysis

It can be seen that with the help of the additional receiving antenna, the required average Ior/Ioc to maintain FER within the range between 1% and 10% is below 10 dB and 15 dB for 2.4 Mbps and 4.8 Mbps, respectively. This is not possible with single transmit and single receive antenna configuration. Specifically, for data rate of 2.4 Mbps and 1% FER, the required average Ior/Ioc is 20 dB, 8.4 dB and 0.8 dB, for (1,1), (1,2), and (1,4) antenna configurations, respectively. Similarly, for data rate of 4.8 Mbps and 10% FER, the required average Ior/Ioc is 15.4 dB, 8.1 dB and 2.7 dB, for (1,1), (1,2), and (1,4) antenna configurations, respectively.

Considering that in a multicell system, the median of Ior/Ioc distribution is 2 dB and the 90th percentile is 10 dB, and if the high speed data traffic channel operates at 10% FER without a scheduler based on channel information feedback, then a UE with (2,2) STTD/MRC configuration will have more than 50% probability to operate at 2.4 Mbps satisfactorily. Similarly, an UE with (1,2) MRC configuration will have slightly less 50% probability to operate at 2.4 Mbps satisfactorily. An UE with (2,1) STTD or (1,1) configuration will have less chance to operate at 2.4 Mbps.

In the case of 4.8 Mbps, the required Ior/Ioc for support 10% FER is less than 10 dB for UE with two receiving antennas, and is more than 10 dB for UE with single receive antenna. Since 10 dB is 90% percentile of Ior/Ioc distribution, the UEs with two receiving antennas will have more than 10% chance to operate at 4.8 Mbps, while UEs with less two receiving antenna will have less than 10% chance to work at 4.8 Mbps. So in summary, two receiving antennas can help UE to achieve higher data rates with higher probability and therefore yield better throughputs.

The performance for (1,4) MRC configuration is also plotted in the figures to show further possible gains can be achieved with 4 receiving antenna and simple maximal ratio combining. In short, the UE will be capable to operate at 4.8 Mbps with close to 50% probability.

Simulations were also conducted for a HSDPA system with multiple antennas at UE and using a scheduler to control down link data transmition based on channel information feedback. The CDL of packet data call throughput for 10 UEs/sector and 20 UEs/sector are presented in Figure 3 and Figure 4.

In Figure 3 for the case of 10 UEs/sector, about 50% UE operate above 1 Mbps for (1,1) antenna configuration, but for (1,2) configuration, about 50% UE operate above 2 Mbps. When there are 20 UE in the sector, about 50% UE operate above 100 kbps for (1,1) antenna configuration, while for (1,2) configuration, about 50% UE operate above 200 kbps.  In both cases, (1,4) configuration has more gains in data throughputs.

In the following, some additional factors are considered regarding the benefits of the second receiving antenna:

· According to the MIMO theory, adding additional receiving antenna is the most effective way to improve link performance.

· Although STTD feature provides transmit diversity, using additional receiving antenna provides more gain over link performance.

· STTD is an optional feature for Node B. The additional antennas at UE will help UE to sustain high throughput when UE is under coverage of a Node B without STTD feature. In general, an UE with two or more antennas will have more uniform performance throughout the networks.

· Furthermore, no soft handoff is planned to support HSDPA traffic channel. So, unlike DPCH, which is supported by soft handoff, and soft handoff provides another way of transmit diversity when STTD is not available, the HSDPA traffic channel will work only in (1,1) mode when Node B is not equipped with STTD feature.

· Implementing two receiving antennas should be straightforward. The incremental complexity should be justifiable with the performance improvement.
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Figure 1 Link performance comparison for data rate at 2.4 Mbps.
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Figure 2 Link performance comparison for data rate at 4.8 Mbps.
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Figure 3 Data throughput comparison for 10 UEs/Sector.
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Figure 4 Data throughput comparison for 20 UEs/Sector.
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				1 x 2		Conv		MRC				QPSK								QPSK						1/2		QPSK		3		8.4		1/2		16QAM		8.1		13.3		3/4		64QAM		11		17

				1 x 4		Conv		MRC				QPSK								QPSK						1/2		QPSK		-2.5		0.8		1/2		16QAM		2.7		6.2		3/4		64QAM		6		9

				2 x 1		STTD		STTD				QPSK								QPSK						1/2		QPSK		5.6		11.4		1/2		16QAM		11		16		3/4		64QAM

				2 x 2		STTD		STTD/MRC				QPSK								QPSK						1/2		QPSK		0.2		3.7		1/2		16QAM		5.9		9.1		3/4		64QAM





2.4 Mbps

																		Chip Rate		3840000

																		Traffic Frac:		0.8

																		Data Rate:		2400000

		Case		Eb/No				Ior/Ioc				FER

		1,1		9				7.9279003035				0.167

				12				10.9279003035				0.071

				15				13.9279003035				0.036

				18				16.9279003035				0.021

				21				19.9279003035				0.01

		1,2		2				0.9279003035				0.198

				6				4.9279003035				0.055

				10				8.9279003035				0.0078

		1,4		-2				-3.0720996965				0.14514

				-1				-2.0720996965				0.079808

				0				-1.0720996965				0.040048

				1				-0.0720996965				0.022143

				2				0.9279003035				0.0088531

				3				1.9279003035				0.005004

		2,1 STTD		4				2.9279003035				0.266

				6				4.9279003035				0.13

				8				6.9279003035				0.061

				10				8.9279003035				0.0254

				12				10.9279003035				0.01324

		2,2 STTD/MRC		1				-0.0720996965				0.1191

				3				1.9279003035				0.03776

				5				3.9279003035				0.0084





2.4 Mbps
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4.8 Mbps

																		Chip Rate		3840000

																		Traffic Frac:		0.8

																		Data Rate:		4800000

		Case		Eb/No				Ior/Ioc				FER

		1,1		12				13.9382002602				0.1385

				15				16.9382002602				0.06452

				18				19.9382002602				0.03214

				21				22.9382002602				0.0177

				24				25.9382002602				0.0078

		1,2		4				5.9382002602				0.204

				6				7.9382002602				0.1125

				8				9.9382002602				0.04764

				10				11.9382002602				0.02131

				12				13.9382002602				0.0072

		1,4		0				1.9382002602				0.1621

				2				3.9382002602				0.04897

				4				5.9382002602				0.01227

		2,1 STTD		8				9.9382002602				0.1515

				10				11.9382002602				0.07794

				12				13.9382002602				0.03287

				14				15.9382002602				0.01198

		2,2 STTD/MRC		2				3.9382002602				0.2825

				4				5.9382002602				0.1012

				6				7.9382002602				0.02506

				8				9.9382002602				0.005





4.8 Mbps
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