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1 Introduction

This paper discusses to what extent certain HS-DSCH-related parameters or certain ranges of HS-DSCH related parameters should be optional from a UE point-of-view. The paper could thus be seen as a first input to an expected future discussion on UE capabilities for HS-DSCH-capable UEs.

In general, having optional UE features or capabilities only make sense if there is clear trade-off between e.g. UE complexity and the range/quality of the services offered to the user. As an example, having a certain UE capability as optional makes sense if including this capability would allow for significantly higher data rates and/or significantly lower delay and, at the same time, not including the capability would allow for significantly lower UE complexity.

On the other hand, having optional UE features or capabilities that e.g. improve overall system performance, e.g. capacity, at the expense of increased UE complexity does not make sense. In such cases there are no incentives for a UE manufacturer to include such features/capabilities. Instead, such features/capabilities should either be mandatory, at least for some UE classes, or should not be included in the specification at all. 

2 UE capabilities for HS-DSCH-capable UEs

HS-DSCH operation will impact the UE complexity in terms of 

· Buffering

· Baseband processing

· RF complexity 

2.1
Modulation scheme

Support of higher-order modulation allows for higher downlink peak data rates at an obvious expense of increased RF complexity. Thus, support for all HS-DSCH modulation schemes should not be mandatory for all HS-DSCH-capable UEs. Instead, the range of supported modulation schemes should be a UE capability. As an example, the following capabilities could be available:

· 4QAM

· 4QAM + 16QAM

· 4QAM+ 16QAM + 64QAM 

One could consider if support for 16QAM should be mandatory for all HS-DSCH capable UEs. However, support for 64QAM should definitely be optional.

2.2
Channel coding

HS-DSCH transmission should be exclusively based on Turbo coding. Thus, support for turbo coding should be mandatory for all HS-DSCH-capable terminals.

2.3
Soft buffering for Hybrid ARQ

Given a time between retransmissions, larger Hybrid ARQ soft-buffering capability allows for larger overall throughput to a UE. At the same time, soft buffering has a significant impact on the UE complexity. Thus it makes sense to allow for different soft-buffering capabilities for HS-DSCH-capable UEs. The soft-buffering capability could be expressed as the amount of data in TTIs that has been received but not yet positively acknowledged by a UE. Note that this does not assume any specific Hybrid ARQ scheme but is valid e.g. for both synchronous and asynchronous schemes.

In case of Chase combining, the soft buffering capability should be expressed in terms of physical-channel symbols (modulation symbols).

In case of Incremental Redundancy (IR), the soft buffering capability must be expressed in terms of physical-channel bits. Furthermore, the fact that, in case IR, different redundancy versions may be transmitted in different retransmissions should be taken into account. Thus, the soft-buffering capability must be a measure of the total number of coded bits, including the entire set of redundancy. Obviously, this means that, with IR, the total UE buffering capability will, in many cases, not be utilised. 

2.4 Processing

In case of HS-DSCH, UE processing is dominated by two parts:

· Turbo-decoding of data received in a given HS-DSCH TTI

· De-spreading of the physical channels to which HS-DSCH is mapped in a given HS-DSCH.

2.4.1 Turbo decoding

With the proposed N-channel Stop-&-Wait Hybrid ARQ schemes, there is a strict timing relation between the reception of an HS-DSCH TTI and the transmission of the corresponding positive/negative acknowledgement. To allow for different amount of turbo-decoder resources, the maximum number of transport-channel bits that a UE could receive in an HS-DSCH TTI should be a UE capability. Note that a similar UE capability is defined already for existing releases.  

In case of flexibility in the timing of uplink acknowledgements, this capability should be related to the best-case timing. 

2.4.2 De-spreading

Increasing the number of physical channels (codes) that can be de-spread allows for higher peak data rates. At the same time, de-spreading of physical channels contributes to the UE complexity. Thus the number of physical channels to which HS-DSCH can be mapped should be a UE capability, i.e. all HS-DSCH capable UEs need not to be able to de-spread all “HS-DSCH” physical channels. A similar UE capability (“maximum number of physical channels”) is defined already for existing releases.

2.5
Supported TTI

The current working assumption is that the HS-DSCH TTI should be a semi-static parameter. In that case, it remains to be decided if the entire set of TTIs is mandatory for every HS-DSCH capable UE or whether the support of certain TTIs, e.g. TTI (10 ms, should be a UE capability.

As the full benefits of HS-DSCH, in terms of e.g. cell throughput, can only be achieved with a short TTI, at least one TTI shorter than 10 ms should be mandatory for all HS-DSCH capable UEs. As we beleive that also a 5 slot TTI is too long, we propose that at least one TTI shorter than 5 slots should be mandatory for all HS-DSCH capable UEs.
3
Relation to non-HS-DSCH-related UE capabilities

In important question is to what extent the HS-DSCH related UE capabilities should be independent of other UE capabilities. As an example, should the maximum number of physical channels relate to the total number of physical channels (including e.g. DPCH) or just include the physical channels to which HS-DSCH is mapped. For optimal utilisation of UE hardware, the capabilities should not be independent. On the other hand, dependency between HS-DSCH-related and non-HS-DSCH-related capabilities could be difficult to handle, especially as scheduling for HS-DSCH is located in the Node B. Thus, this needs further considerations.  However, as a minimum, the MAC-hs in Node B should not need to take anything else than the HS-DSCH transmission into account.

4
Conclusions

This paper has identified some of the HS-DSCH parameters that are suitable to be UE capabilities, i.e. parameters for which not the entire range of possible values is mandatory for all HS-DSCH-capable UEs. The identified parameters are

· Supported modulation schemes

· Soft buffering capability, expressed as the maximum amount of physical-channel symbols or physical-channel bits in TTIs that has been received but not yet positively acknowledged by a UE

· Turbo-decoding  capability, expressed as the maximum amount of transport-channel bits that can be received in a given HS-DSCH TTI

· Maximum number of physical channels to which HS-DSCH can be mapped. 

· Supported TTIs. At least one TTI shorter than 5 slots should be mandatory for all HS-DSCH-capable UEs

In important topic is to what extent the HS-DSCH related UE capabilities should be independent of other UE capabilities. This needs further considerations.
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