3GPP TSG RAN WG1 Meeting #30

R1-030094
January 7-10, 2003,  San Diego CA, USA



Agenda item:


Source:

Lucent Technologies

Title:
Comments on reference receiver structures and equalization

Document for:
Discussion 

1. introduction

The performance of the HS-DSCH is highly affected by the severity of the multipath environment. This is particularly true when high order modulation, i.e., 16QAM, is used. Thus the notion of advanced receivers has been coined in RAN1For the RAN1 purposes, evaluating the performance of the HS-DSCH using an advanced receiver will have a major impact on the simulation studies and consequently will influence the decisions pertaining to the standard. 

It would be constructive to the standards process if a reference advanced receiver is adopted by all companies so that comparisons on air-interface techniques can be conducted in a straightforward manner. Contribution [1] proposed a possible approach for an advanced receiver based on the G-RAKE concept. In this contribution, we propose that the well-known minimum mean-squared error (MMSE) equalizer [2][3][7] be adopted as the reference advanced receiver for the following reasons:

1. It provides superior performance compared to the conventional RAKE and comparable performance with the G-RAKE.

2. Its implementation is simpler than the G-RAKE.

3. Its implmentation can be easily extended for MIMO architectures.

4. It has been adopted as the reference receiver in the Joint Spatial Channel Model Ad Hoc Group.

2. REFERENCE ADVANCED RECEIVER DETAILS

The reference advanced receiver design to be included in the specifications for simulation studies in RAN1 should address the following areas: 

· It would be used widely by all participating companies in order to make fair comparisons among various air-interface options. 

· It should have a fairly straightforward design so that it is easily and identically implementable by all participating companies. Thus, the reference design should have a minimum number of free parameters to be chosen. 

· It should be based on widely accepted techniques with which most companies have experience with. 

While the G-RAKE provides performance benefits for multicode transmission in multipath environments compared to the conventional RAKE receiver, its particular design is arguably not suited to be used as a reference design based on the criteria listed above and because the design methdology for determining its parameters (i.e., the number of fingers, and the delays and weights of each finger) is not clear. More specifically, we claim the following: 

· While one can invent ad hoc techniques for assigning the finger delays based on estimated path delays, it is not clear how the finger delays should be made if the path delays are not resolvable (i.e., they are not separated by at least one chip period) as is the case for the standard ITU dispersive channels such as Pedestrian A and Vehicular A. 

· Since the G-RAKE finger weights are a function of the estimated path amplitudes, it is also not clear how these weights will be assigned in the case of path delays that are not resolvable.

· Finally, the number of fingers used in G-RAKE is itself a design parameter, and it is not clear how this value is determined in practical channels where there might be numerous paths or very weak paths.

In summary, the design of the G-RAKE has not been clearly specified. It may be difficult enough to specify the design parameters for ITU channel models where the path delays and average path powers are fixed. However, the design will be even more difficult for more general channel models designated by the Joint Spatial Channel Model Ad Hoc Group  (SCM AHG) where the path delays and average path powers are random variables and can be drawn from a continous distribution. 

Compared to the G-RAKE receiver, the MMSE chip-level equalizer (based on the conventional MMSE equalizer described in [6]) provides similar performance gains over the RAKE receiver for multicode transmission in dispersive channels [2][3]. However, because the MMSE equalizer architecture requires simply an oversampling of the baseband signal (twice per chip period) followed by a tap-delay line, it is easier to implement because the number and placement of the taps is fixed. For simulation results, the tap weights can be computed as a function of the path delays and weights. In practical implementation, the tap weights would be adjusted adaptively using well-known techniques such as gradient descent.

Furthermore, not only has the MMSE-based receiver been extended to MIMO systems [2][3], it has been already adopted by the SCM AHG [3][4][5][7] as the reference space-time receiver. 

3. conclusion

In conclusion, we propose that the MMSE-based receiver be chosen as the reference advanced receiver because of its superior performance compared to the RAKE receiver, because of its relative ease of implementation compared to the G-RAKE, and in order to preserve continuity within standards for MIMO systems. 
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