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1. Introduction

In previous RAN1 meetings, there has been some discussion on defining 16 QAM as optional for the UE by allowing low end UE’s QPSK only while high end UE’s would still support both 16QAM and QPSK. In [1], Siemens highlighted several points supporting this view. In this paper, we have tried to address the points raised by Siemens and also have made refrences to several objective performance analyses done by various companies on the issue of 16QAM that have shown that 16QAM is a key component in achieving high performing networks in terms of throughput capacity and data rates both from operators and end user’s point of view. Finally we have concluded that there are no major obstacles in terms of time to market or complexity of implementation if 16QAM is kept as mandatory for all the UE classes in Release 5.

2. Discussion
HSDPA market availability:

In [1], Siemens has highlighted the point that implementation of 16QAM for all UE classes will impact the time to market availability. We tend to disagree on this point. Based on the current working time frames in RAN4, the specification work on HSDPA is expected to be completed by September 2002. If we assume the normal market lead time of 2 years, the commercial market availability of the HSDPA UE’s will be some time around the end of 2004. Furthermore, the current industry trends suggest that these target dates could be pushed back in order of months. 

Therefore we believe that there is sufficient time available to the UE manufacturers and the implementation of 16QAM would not result in any time to market delays.  

UE complexity:

In [1], it is pointed out that the complexity impact due to 16QAM receiver implementation may be significant. While it is generally understood that there are certain complexity impacts associated with the implementation of 16QAM such as higher processing power and computational complexity, the overall impact as pointed out by Qualcom and Motorola in [3]&[5] is modest considering the other more complex features like HARQ and AMC in Release 5. This view is further underlined by the fact that CDMA technologies competitive to UMTS Release-5 (such as 1xEV-DV and 1xEV-DO) will support QPSK/16-QAM. 

This indicates that there is no significant technology barrier to incorporating 16QAM, especially when deployment of HSDPA-capable devices is still few years away.
System performance:

A number of papers [3,4,5] by various companies have shown in the past that there are considerable system capacity benefits if 16QAM is available in the system. One could argue that the proposal of making 16QAM optional does not preclude the availability of high end UE’s in the system. But given the option, it is quite likely that the UE manufacturers would produce QPSK capable UE’s only, at least in the initial phases. This would mean that the operators and the end users would not be able to benefit from the availability of 16QAM in the network.

The importance of 16QAM is particularly more significant in code limited cases. Given that the code usage by R99 services is rather inefficient and all HSDPA users require the associated DPCCH, it is highly likely that the system with voice and HSDPA users could often run into code resource problems. It is worth noting that the proposal of making 5 codes capable UE’s QPSK only will not help under this situation as the users in code limited scenarios but good channel conditions will not be able to benefit from the higher order modulation.    

In [2], we showed that in code limited situations, use of 16-QAM in addition to QPSK can provide approximately 10% improvement in system capacity even in a pedB channel model. 

In [4], Motorola showed that in certain environments with more benign channels, the gains from using 16-QAM may be higher. It was shown in that with equi-probable PedA, PedB, VehA channel models, using 16QAM in addition to QPSK modulation increases average packet call throughput for a given sector by 10% to 20% as well as improving sector (service) throughput.

In [3], Qualcomm stated that by not allowing 16‑QAM, the overall system throughput impact would be in the order of 20% to 30% for single antenna UE in no or low mobility sub-urban environments. 

With the availability of advanced receivers and features like transmit diversity and beamforming, the gains from using 16-QAM will be even higher. 

Data Rates:

In [1], Siemens pointed out that HSDPA should be a clear enhancement to Rel99/4 UE’s and hence the supported data rates should be well beyond the ones that will typically be supported with the today’s architecture. We fully support this view and believe that to achieve this objective, 16QAM is a key component.  

3. Conclusion and Proposal
Based on the discussion above, we can make the following conclusions:

· There should be a distinguishable performance benefit with HSDPA when compared to R99 systems in terms of data rates. 

· There is a significant performance impact ranging from 10% to 30% on the network throughput capacity with the non-availability of 16QAM.

· The time to market for the HSDPA UE’s is not an issue if 16QAM is made mandatory.

· There is a modest complexity impact associated with the implementation of 16QAM in the UE receiver as compared to other Release 5 features.

Given the above conclusions on potential capacity gains and no major obstacles in implementation, our proposal is to keep 16‑QAM mandatory for all terminals in Release-5.
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