TSG-RAN Working Group 4 (Radio) meeting RAN4#36
R4-050730
London, United Kingdom, Aug 29th - Sept 2nd 2005
Source:
Qualcomm Europe
Title:
Further Enhancements to HSDPA Performance using a Frequency Domain Equalizer + Decision Feedback Equalizer (FDE+DFE) Receiver
Agenda item:
6.9
Document for:
Informational
1. Introduction
At the last RAN Plenary meeting #28 meeting, a Work Item to create enhanced performance requirements for HSDPA Cat 7/8 UE based on Rx Diversity and LMMSE equalizer was approved [1]. No specific UE implementation is mandated by these enhanced requirements.

Companion contributions provide an initial set of simulation assumptions [2] and initial simulation results [3] based on a Type 3 receiver as described in [1]. 

While the use of a Rx Diversity and LMMSE equalizer as the reference receiver architecture is suggested by [1] for its work, this contribution is intended to inform the community that alternative architectures exist for the equalizer which provide additional enhancements to HSDPA performance. While only one approach is outlined in this contribution, we believe that the results for the equalizer discussed here indicate that there is still ample room to improve the performance of HSDPA via the use of equalizers other than LMMSE equalizer.
We will refer to the equalizer discussed here as the FDE+DFE (Frequency Domain Equalizer + Decision Feedback Equalizer) and for brevity will also use the terms Type 2+ (FDE+DFE without Rx Diversity) and Type 3+ (FDE+DFE with Rx Diversity) to denote the receiver performance when using this equalizer.

Note that the FDE+DFE equalizer structure and some performance data have already been discussed in RAN-1 [5, 6]. 
2. Frequency-Domain-Equalizer + Decision-Feedback-Equalizer (FDE+DFE)

Single carrier frequency domain equalization (FDE) is proving to be a promising new technique to mitigate inter-symbol interference (ISI) in time dispersive channels. We propose using an equalizer architecture that has been discussed in the public domain for frequency domain equalization of single carrier systems [7]. In [7] it was shown that a Single Carrier-FDE with Decision Feedback (DF) performs better than LMMSE and OFDM in a convolutional coded case. 
The simulation assumptions used for these simulations are the same as proposed in [2] for a Type 3 receiver and those used by RAN-4 to develop the Type 2 requirements. 
3. Simulation Results for the FDE+DFE with and without Rx Diversity

a. No Receive Diversity (Type 2+)

We first present simulation results for the case when no receive diversity is used (Type 2+). This corresponds to the Type 2 receiver and the assumptions used in these simulations are the same as used for generating results for the Type 2 receiver. The results for QPSK and 16-QAM are shown in Tables 1 and 2 respectively.
	Type 2+ Throughput in kbps, QPSK FRC H-SET 6, Ior/Ioc = 10 dB

	Channel Models
	Ec/Ior (dB)

	
	-12
	-9
	-6
	-3

	PA3
	1003
	1699
	2435
	2854

	PB3
	974
	1619
	2534
	3122

	VA30
	1020
	1558
	2200
	2868

	VA120
	989
	1447
	1999
	2784


Table 1: Throughput Results for QPSK, Ior/Ioc = 10 dB, FRC H-Set 6
	Type 2+ Throughput in kbps, 16-QAM FRC H-SET 6, Ior/Ioc = 10 dB

	Channel Models
	Ec/Ior (dB)

	
	-12
	-9
	-6
	-3

	PA3
	649
	1179
	2325
	3199

	PB3
	333
	1223
	2016
	2982

	VA30
	263
	1274
	1940
	2824

	VA120
	103
	1191
	1817
	2541


Table 2: Throughput Results for 16-QAM, Ior/Ioc = 10 dB, FRC H-Set 6
In Figures 1 and 2, we also plot the throughput results for the FD-DFE and compare it to the average of the RAN-4 results for the Type 2 receiver [4].
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Figure 1: Type 2 (Average of RAN-4) vs Type 2+ Comparison for QPSK, FRC HSet-6, Ior/Ioc = 10 dB
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Figure 2: Type 2 (Average of RAN-4) vs Type 2+ Comparison for 16-QAM, FRC HSet-6, Ior/Ioc = 10 dB
From Figures 1 and 2 we note that the throughput of the Type 2+ (FDE+DFE) receiver is always greater than that of the Type 2 (LMMSE) receiver. These gains hold across all Ec/Ior values.
b. With Receive Diversity (Type 3+)
In Tables 3 and 4, we summarize the results for a Rx Diversity + ‘FDE+DFE” (Type 3+) receiver using the same assumptions as proposed in [2].

	Type 3+ Throughput in kbps, QPSK FRC H-SET 6, Ior/Ioc = 10 dB

	Channel Models
	Ec/Ior (dB)

	
	-12
	-9
	-6
	-3

	PA3
	1793
	2756
	3085
	3191

	PB3
	1637
	2734
	3208
	3229

	VA30
	1635
	2463
	3145
	3190

	VA120
	1547
	2299
	3100
	3200


Table 3: Throughput Results for QPSK, Ior/Ioc = 10 dB, FRC H-Set 6
	Type 3+ Throughput in kbps, 16-QAM FRC H-SET 6, Ior/Ioc = 10 dB

	Channel Models
	Ec/Ior (dB)

	
	-12
	-9
	-6
	-3

	PA3
	1241
	2273
	3501
	4405

	PB3
	1357
	2058
	3443
	4563

	VA30
	1364
	2050
	3146
	4406

	VA120
	1314
	1961
	2788
	4371


Table 4: Throughput Results for 16-QAM, Ior/Ioc = 10 dB, FRC H-Set 6
We note that for high Ec/Ior values that the throughput values are being artificially capped because of the definition of FRC H-Set 6. 

In Figures 3 and 4 we compare the performance of the Type 3 receiver results presented in [3] against the Rx Diversity + DFE-FDE receiver (Type 3+) results in Tables 3 and 4.
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Figure 3: Type 3 (from [3]) vs Type 3+ Comparison for QPSK, FRC HSet-6, Ior/Ioc = 10 dB
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Figure 4: Type 3 (from [3]) vs Type 3+ Comparison for 16-QAM, FRC HSet-6, Ior/Ioc = 10 dB
From Figure 3, note that for QPSK, at Ec/Ior of -12 dB and -9 dB, that Type 3+ receiver provides reasonable gains. For Ec/Ior values of – 6 dB and -3 dB, the artificial capping of throughput results via the use of FRC H-Set 6 does not allow one to properly observe the benefits of the DFE+FDE. 

However, from Figure 4 (16-QAM results), it is clear that the FDE+DFE is providing improved performance of across the entire range of Ec/Ior values.
4. Conclusions 

An alternate to the LMMSE equalizer, the FDE+DFE has been introduced and simulation results for this equalizer have been presented. From these results, it is seen that further enhancements to the performance of HSDPA is possible via the use of alternate equalizer architectures. The performance gains hold for cases when Rx Diversity is used and in the case when Rx Diversity is not used.

The intention of this informational contribution to stimulate further discussion in the community about possible enhancements to the downlink performance of  HSDPA via improved receivers.
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