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1 Introduction
Two new Work Items (one each for the Downlink and Uplink) have been proposed for Higher Order Modulation for HSPA. We believe HOM is a very useful, beneficial and necessary capability to enhance HSPA. The use of 64QAM Modulation in the Downlink promises to achieve Peak DL Air Interface Data Rates in excess of 20Mbps (One Transmit Configuration) or in excess of 40Mbps (2x2 MIMO Configuration). Additionally, the use of 16QAM Modulation in the Uplink promises to achieve Peak UL Air Interface Data Rates in excess of 10Mbps.
UMTS Operators and vendors have made and are still making enormous investments on HSPA Technology and should be allowed to maximize the return on these investments. If new features are enhancing the competitiveness of the system at reasonable deployment costs, then it is in the 3GPP industry interest to support the introduction of these features in the HSPA specifications.
Consequently, in this discussion paper, we present our views on the rationale for HOM (ie. its benefits) and the factors that are best suited for and the application space for HOM (ie. its use cases).

2 Rationale for DL 64QAM

Existing Capability/Limitation: HSDPA is currently defined with the support of QPSK and 16QAM Modulations. The Maximum Theoretical Peak Air Interface Data Rate limited is to ~14Mbps (based on 27,952 maximum allowed bits per Transport channel in a 2ms TTI for an HSDPA Category 10 UE). When taking into account the L1/L2 overhead, the standard L2 block size of 320 bits, the maximum allowed Nb of MAC-d blocks per MAC-HS block, the allowed Transport Block sizes and resulting Nb of padding bits, the Maximum Available Throughput above the Layer 2 is then reduced to 11.2Mbps.
Support of DL 64QAM was considered during the HSDPA Feasibility Study (2001-02), but not retained for the final specification phase because of the poor additional performances expected under the UE complexity working assumptions used at the time (RAKE receiver based devices, without Rx Diversity). Since then, the HSDPA specifications have evolved considerably. Technology Advances have made complex receiver structures economically feasible. Performance for 3 Types of Enhanced UE Receivers (Type 1: Rx Diversity, Type 2: Equalizer/MMSE, Type 3: Equalization + Rx Diversity) are already included in the specifications and further enhancements using some form of Interference cancellation are under Study (Type 3i). With the introduction of Advanced Rx, support of DL 64QAM becomes viable for some specific environments, leading to a 50% increase in the Peak Achievable Air Interface Data Rate (even with only 1 transmitter at the Node-B).
Support of DL 64QAM will put HSDPA at parity with emerging competitive technologies, for the achievable Peak DL Data Rate:

· 22-24 Mbps for 64QAM HSDPA

Support of 64QAM will make Peak Data Rates in the 9-12 Mbps range more accessible than under the current regime because of the high coding rate (>0.75) and number of codes (15) these rates require when UEs are restricted to 16QAM. Support of 64QAM in conjunction with MIMO has the potential to bring the Peak Theoretical DL Air Interface Data Rates above 40 Mbps. Both MIMO and 64QAM will provide benefits in low interference and low multipath environments, making both technologies compatible and complementary.
Enhancements of HSPA to achieve a performance level equivalent to LTE in 5MHz was one of the agreed objective of the HSPA Evolution Study Item. Support of 64QAM in the DL will help achieve this objective. 

3 Rationale for UL 16QAM

Existing Capability/Limitation: UMTS UL channels currently support QPSK Modulation only (including E-DCH/HSUPA). Actually, because the Control Channel (DPCCH) and each Data Channel (DPDCH) stream are carried on a single phase using different channelization codes, the Modulation for each stream is equivalent to a simple BPSK. Maximum Theoretical Peak Air Interface Data Rate is limited to 5.74Mbps (based on 11,484 maximum allowed bits per Transport Block in a 2ms TTI for an E-DCH Category 6 UE). When taking into account the L1/L2 overhead and the standard L2 block size of 320 bits, the Maximum Available Air Interface Throughput above the Layer 2 is then reduced to 5.44Mbps (0.997 Coding Rate) but only 4Mbps with a more realistic Coding Rate (3/4).
Support of 8-PSK was envisaged during the Enhanced Dedicated UL Channels Feasibility Study (2003-04), but not retained for the final specification phase because, for the range of Throughputs evaluated (below 2Mbps), 8-PSK link level performances were found to be worse than those achieved with Code multiplexing of BPSK modulated streams, even if 8-PSK was found to provide a better PAR (Peak to Average). Similarly to what is happening with UE Devices, technology advances make the implementation of MMSE/Equalizer-based receivers at the Node B economically feasible, with the consequence that the interference induced by the code multiplexed channels in multipath conditions may be more easily overcome, making Higher Order Modulations more beneficial than at the time of the Feasibility Study. The support of Interference cancellation of interference mitigation techniques at the Node B will further enhance the achievable performances with UL 16QAM. Support of UL 16QAM would provide a more significant boost to the Achievable Air Interface Data Rate than 8-PSK, and would consequently be the preferred solution.
Support of UL 16QAM will put HSPA at parity with emerging competitive technologies, for the achievable Peak UL Data Rate:

· 9-11 Mbps for UL 16QAM HSPA

Support of UL 16QAM will make Peak Air Interface Data Rates in the 4-5 Mbps range more accessible than under the current regime because of the high coding rate (>0.75) and required channelization codes arrangement (SF2+SF4) these rates require when E-DCH is restricted to BPSK.
Enhancements of HSPA to achieve a Performance Level equivalent to LTE in 5MHz was one of the agreed objective of the HSPA Evolution Study Item. Support of 16QAM in the UL will help achieve this objective.
4 Factors best suited to HOM
From simulations presented so far in RAN WG-1, it appears that factors that best serve HOM are:
· Type 3/3i receivers (e.g., PC Cards, Laptop embedded chips, High Tier Devices)
· In the 90th percentile data rate

· In micro cellular environments with smaller delay spread

· Fixed or very low mobility applications

· Using superior RF optimization and scheduling algorithms
However, not all of the above factors are needed for the benefits of 64QAM to be perceivable. A subset of the factors might provide some benefit as well. So in some cases, even in a macro-cellular environment with a Type 3/3i receiver one might see improvement in the 90th percentile data rate.
5 HOM Application Space
We therefore see HOM being most effective and useful in the following situations:
· micro urban case ( fixed, pedestrian {e.g., malls, coffee-shops, class-rooms}
· macro urban case ( medium mobility {e.g., college campuses, stadiums}
· macro rural case( fixed wireless DSL/Cable {e.g., remote locations with line-of-sight}
· HSPA fallback from LTE in certain situations {e.g., less built up areas}
6 Conclusion

We have presented our views on the rationale for HOM and the factors that are best suited for HOM and the application space for HOM (ie. use cases). From this, it can be seen that it is realistic for HOM’s timely inclusion into Rel’7. TSG-RAN is therefore encouraged to take the above information into consideration.
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