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Introduction

We discuss design requirements which affect the selection of a physical channel mapping for E-DCH. We then contrast the two classes of mapping options (CDM and TDM) in light of those requirements and suggest that the CDM approach be selected as a working assumption.
Requirements
In this section we identify and discuss a number of design requirements which affect the selection of a physical channel mapping. So far we have identified the following parameters or requirements:
· Simultaneous transmission of DCH & E-DCH

· Simultaneous support of multiple E-DCH

· TTI & Timing
· Power dynamics

· Backward compatibility

We discuss each of these in more details in the following sub-sections.
Simultaneous transmission of DCH & E-DCH

Depending on whether simultaneous transmission of DCH and E-DCH transport blocks is required or not, certain physical channel mapping approaches may be considered or not. 
Provided that the DCH TTI could be configured with up to 80 ms TTI and at least one of them is typically configured with 40 ms TTI (DCCH) we believe that this would clearly affect the delay performance of the E-DCH transmissions (assuming that DCH transmission would typically take precedence over E-DCH transmissions). This would also affect the end to end delay of CS services mapped on DCH (e.g. voice). 

Although the eventual requirement will be provided by RAN WG2, we believe that simultaneous DCH and E-DCH transmission should be considered as being required.
Simultaneous support of multiple E-DCH

This again has an impact on the physical channel structure and operation. More specifically, whether simultaneous transmission of transport blocks corresponding to multiple E-DCHs in the same TTI is required or not has a significant impact on the physical channel structure and operation.
We believe that this requirement should be clarified as soon as possible through interaction with RAN WG2.
TTI & Timing

The set of TTI supported for E-DCH as well as the timing constraint of the transmission of E-DCH are important input parameters into the selection of a physical layer structure.
Power dynamics

The guiding principle up to now has been that for a given physical channel the transmission power would not fluctuate over the duration of a slot. Although the aggregated transmission power may already vary due to the relative timing of DPCH and HS-DPCCH we believe that minimizing such variations helps power related procedures such as TFCS management and selection. 
Backward compatibility

One key requirement defined for the work item is the need to consider backward compatibility.

Typically, and unless operators agree to upgrade Node‑B's in a buffer zone surrounding the area in which they intend to support the E-DCH functionality, this implies that the legacy Node B should be able to receive a UE signal complying with the newer release and successfully process it according to an earlier release. We will assume this definition of backward compatibility for the remaining of this paper.
We have identified four possible mapping options which would achieve backward compatibility:

1. Define the E-DCH such that it can be seen as a regular DCH by legacy Node Bs

2. Use the compressed mode feature and map the E-DCH to the transmission gaps

3. Allocate TTI to either DCH or E-DCH transmissions

4. Map the E-DCH on a separate set of physical channels

Although option 1 and 2 appear to meet the backward compatibility requirement we believe that this may not always be the case in practice. Indeed, it is not clear that all legacy Node Bs are capable of receiving multi‑code DPDCH transmissions from the UE. Option 1 and 2 could easily result in the legacy DCH data being transmitted over multiple DPDCH depending on the instantaneous E-DCH rate, thus making it impossible for legacy Node B to receive the legacy DCH data (in addition, option 2 would limit the maximum simultaneous peak rate for both DCH and E-DCH) .
By definition option 1 would not allow for support of a TTI shorter than 10 ms unless the DPCH power is allowed to vary within a slot; indeed the shorter TTI payload would have to pre-set at the beginning of every radio frame and would remain constant over the radio frame; thus the only free dimension to accommodate various TF with shorter TTI would be the power dimension. Although option 2 and 3 could mechanically support the mapping of data over a shorter TTI, the fundamental periodicity of the transmission instant would remain 10 ms and the structure would not allow the system to take fully advantage of a shorter TTI.

Option 3 would prevent the support of synchronous HARQ operation given that it should be possible to preempt the  E-DCH transmission in favor of a DCH (DCCH) transmission.

By construction, option 4 does not have any Node B backward compatibility impact given that it does not affect the legacy DPCH structure nor its configuration.
Design options
The mapping options can be categorized according to the two multiplexing categories, TDM and CDM. In the next two sections we summarize the benefits and drawbacks associated with each option.
TDM

· May not meet the backward compatibility requirement

· Can not readily accommodate TTI values lower than 10 ms

· Would likely result in increased power dynamics within a slot

· Would increase the complexity of the rate matching procedure and  in turn make it more challenging to identify the appropriate set of DCH and E-DCH parameters. This is especially relevant when considering that the E-DCH will operate using HARQ while the DCH relies on single transmission.
· Would require a lower number of DPDCH to support certain combinations of DCH and E-DCH formats
CDM
· Fulfills the backward compatibility requirement

· Can readily accommodate TTI values lower than 10 ms

· Allows for constant power allocation over a slot duration

· Adds a degree of freedom in the configuration and operation of the DCH and E-DCH

· In some cases, may result in slightly higher PAR values compared to a TDM approach for an equivalent DCH and E-DCH configuration.
Discussion

We believe that the backward compatibility aspect as well as the de-coupling of DCH and E-DCH configuration represent two very compelling reasons to select a CDM approach.

Moreover the CDM approach can easily accommodate TTI values lower than 10 ms should such a feature be agreed in the future.
Conclusion

We have described multiple design choices which have an impact on the selection of a mapping approach for the E‑DCH(s). Based on our perspective for each of these aspects, we recommend that RAN WG1 adopts the following working assumption:
· The E-DCH or the CCTrCH resulting from an E-DCH multiplexing procedure is mapped on a separate set of channelization codes (or DPDCH) than used for the mapping of the CCTrCH resulting from the DCH(s) multiplexing.
