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1 Introduction

During the HSDPA Ad Hoc in Sophia Antipolis in November 2001, it was assumed that modulation scheme is not a UE capability unless 64QAM is included. Hence, QPSK and 16QAM are mandatory modulation formats for all UEs on the same time as 16QAM is optional in Node B. In this paper, we bring up the question whether 16QAM should be a UE capability, i.e., whether 16QAM really should be mandatory for all HSDPA UE classes. It would be a clear implementation advantage to have one lower-end UE class without 16 QAM since this would allow notably shorter time-to-market for HSDPA terminals as well as a lower cost.

2 Discussion

The main HSDPA highlights are:

· Flexible link adaptation (MCS and multicode).

· Fast retransmissions.

· Fast scheduling.

Considering the case of a QPSK-only UE class, the UE can adapt to the channel within a certain C/I-range by changing the code rate. However, the UE cannot benefit from a high peak rate without higher-order modulation in case the C/I is above this C/I-range. A UE capable of higher-order modulation can increase its data rate above this C/I-range which, in fact, is the essence of adaptive modulation.

Early availability and cost efficient handsets are key parameters for HSDPA. QPSK is part of R99/R4 and is therefore already implemented while 16QAM is a new modulation format. Only because of this, mandatory 16QAM is likely to substantially prolong the time-to-market for HSDPA. Moreover, interoperability testing may also delay the development phase of HSDPA since 16QAM is optional for Node B. It may, therefore, be an actual problem to find 16QAM-Node Bs for interoperability testing the UEs. The conclusion is that mandatory 16QAM probably will delay time-to-market for HSDPA. 

One important question is which coverage higher-order modulation will offer. The number of UEs that can benefit from higher-order modulation depends on the channel characteristics, e.g., the time dispersion, as well as the intercell and intracell interference situation. It is rather likely that QPSK will be used most of the time in a real network bearing in mind that HSDPA will be deployed in urban areas (small cells) and that the scheduler will not be an “ideal” C/I scheduler (service constraints). Moreover, the total power allocated to HSDPA in real life can be relatively small, e.g., less than 50% of the total cell power.

Although we recognize that QPSK-only mobiles increase the likelihood of code limitation, we think this is an optimization issue since the capacity improvement with respect to R99 will be significant already with QPSK. Note that we still think that 16QAM HSDPA mobiles are required in order to overcome the code limitation issue. In conclusion, we therefore suggest that one QPSK-only HSDPA UE class should be considered and that all other UE classes should implement 16QAM.

3 Conclusions

We propose 16QAM to be a UE capability to allow one QPSK-only low-end UE class. The main reasons for this is:

1. Most of the HSDPA system-level gain is expected to be achieved with QPSK-only terminals since higher-order modulation is not, in itself, providing the whole gain. The main part of the gain is achieved with fast scheduling and HARQ. Note, moreover, that link adaptation is still possible within a certain C/I-range even with QPSK. Inclusion of higher-order modulation will mostly affect the UE’s peak rate.

2. Interoperability tests will be difficult to perform since 16QAM is optional for Node B. However, QPSK is already implemented and tested, and this ensures that operators have at their disposal a low-end UE class with a shorter time-to-market.

3. It is not yet clear which coverage higher-order modulation has. However, a QPSK-only UE class will be more “cost efficient” from a coverage point-of-view and this is in line with the definition of a low-end UE.

4. The spectrum efficiency improvement offered by the 16QAM modulation is likely to be smaller than expected when implementation margins for moderate geometry values are considered.

5. A QPSK-only UE class will not strongly limit the system channelization-code wise. The reason for this is that QPSK most likely will be used most of the time anyway, and that the total power allocated to HSDPA in real life can be relatively small, e.g., less than 50 % of the total cell power.
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