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1. Introduction

At the joint RAN1-RAN2 session in Montreal, an agreement on the TrCH and CCTrCH structure was reached.  The conclusion is captured in the RAN1 TR [1] as “There is at most one CCTrCH of E-DCH type per UE and only one E-DCH per CCTrCH of E-DCH type. The E-DCH supports one transport block per E-DCH TTI.” It was left to RAN1 to decide on the physical channel mapping of the two CCTrCHs, the legacy CCTrCH and the E-DCH CCTrCH. In this paper, some requirements on this mapping are listed and a structure fulfilling the requirements is proposed.

2. Requirements

It is reasonable to place the following requirements on a scheme for mapping the two CCTrCHs onto physical channels:

· Backwards compatibility. To non-enhanced Node Bs, any E-DCH transmission activity must be invisible, i.e., the existing R99/Rel4/Rel5 processing chain must be capable of receiving the DCH transmission, regardless of the E-DCH activity. This requirement is stressed by the fact that soft handover between enhanced and non-enhanced cells may be common, especially at the early stages of introducing the E-DCH in the networks. If the requirements is not fulfilled, an operator may be required to simultaneously upgrade all base stations, or at least all base stations surrounding an enhanced cell, which clearly is a non-attractive solution.

· Simultaneous transmission on the two CCTrCHs. Although an E-DCH only uplink should be possible, it is likely, at least initially, that both DCH and E-DCH will be present simultaneously. For example, SRBs may be mapped to the DCH, while user data is mapped to E-DCH. If simultaneous transmission is not allowed, activity on the DCH, e.g., the low-rate DCCH with 40 ms TTI, will block E-DCH activity during the 40 ms transmission interval. This will lead to significantly degraded end-user performance and additional delays.

3. Multiplexing

In principle, there are two main approaches to CCTrCH multiplexing: time multiplexing and code multiplexing.

3.1. Time Multiplexing

Time multiplexing implies that the two CCTrCHs are simultaneously mapped to the same set of DPDCHs, i.e., there is a mechanism to divide each slot (or similar time unit) into a “DCH part” and an “E-DCH part”. Time multiplexing of two CCTrCHs in general can be done in a multitude of different ways. However, to be backwards compatible, the presence of the CCTrCH of E-DCH type must be invisible to a legacy Node B not capable of E-DCH reception. The advantage of time multiplexing is the possibility for a somewhat lower PAR in some situations, although at high data rates, this benefit diminishes as multicode transmission is required regardless of the multiplexing scheme used. Three different possibilities fulfilling this requirement were mentioned during the SI phase [2]:

· Place holder bits. A “fake” DCH transport channel is defined whose bits in the legacy CCTrCH after DCH multiplexing are replaced by bits from the E-DCH CCTrCH.
· Compressed mode gaps. Compressed mode can be used for the legacy CCTrCH of DCH type and the gaps can be filled with bits from the CCTrCH of E-DCH type.
· Transmit only one CCTrCH per radio frame. All physical channel resources are allocated to one of the CCTrCHs per (multiple of) radio frame. If there is transmission activity on the legacy CCTrCH, there cannot be any transmission of the CCTrCH of E-DCH type until the end of the longest TTI on the legacy CCTrCH (and vice versa).
The first two approaches have similar properties. They both reserve part of a slot for each of the CCTrCHs, although they may differ in which parts of each slot that is reserved for each of the CCTrCHs. As the data rates of the two CCTrCHs can be very different, e.g., if there is a low rate DCCH present at the same time as a high-rate E-DCH service, the transmission power will vary drastically within a slot and in the worst case even from bit to bit. This is clearly unattractive from an implementation point of view and may also cause problems for procedures such as TFC selection. Also, the capabilities of the legacy Node B may impose limitations on the E-DCH data rates.

The third alternative is simpler and does not have the power problems of the first two approaches. However, it does not fulfill the requirement of simultaneous transmission on DCH and E-DCH. Hence, this approach is only applicable if simultaneous use of E-DCH and DCH is forbidden, which clearly is not desirable.

Furthermore, common to all three alternatives, the choice of hybrid ARQ redundancy versions is affected by the number of bits used by the legacy CCTrCH in a certain time interval. This lack of flexibility will complicate the hybrid ARQ mechanism and will cause a degradation of performance.

3.2. Code Multiplexing

Code multiplexing implies that the DCH and E-DCH are mapped to different sets of DPDCHs. Note that the DPDCHs could still be taken from the same pool of codes, the only requirement is that a single code cannot be used simultaneously for DCH and E-DCH traffic.

Code multiplexing is conceptually simple and results in separation of existing (Rel5) and new E-DCH channels. It also results in the E-DCH being is invisible to legacy Node Bs, thus ensuring backwards compatibility with existing networks. The separation is also an advantage from an implementation point of view as it enables a straightforward evolution of networks by maintaining existing implementations for DCH baseband processing and the associated RRC configurations. Furthermore, code multiplexing provides fewer restrictions on the hybrid ARQ operation, translating into simpler specifications and implementations, relaxes restrictions on simultaneous DCH end E-DCH transmission, and is more flexible with respect to the choice of TTI. 

4. Code Mapping

With the proposed code multiplexing structure, the E-DPDCHs and DPDCHs are taken from the same pool of channelization codes. Furthermore, the E-DCH will require uplink control signaling, preferably mapped to a separate physical channel, the E-DPCCH. To fulfill requirements on backwards compatibility, the following requirements are proposed:

· DPCCH is mapped on the same channelization code as in Rel5.

· DPDCH is mapped onto the same channelization code as in Rel5. At most one DPDCH is allowed. Simultaneous use of high data rates on DCH and E-DCH seems unlikely.

· HS-DPCCH is mapped on the same channelization code as in Rel5 when one DPDCH is present. When no DPDCH is configured (i.e., no DCHs are set up), a suitable channelization code has to be specified. Other HS-DPCCH mapping could be considered if backwards compatibility can be guaranteed (e.g., if HSDPA and E-DCH serving cells always coincide).
· Additional control signaling required is carried on the E-DPCCH. The code selection, spreading factor, and selection of I or Q branch is FFS. The code mapping should either be fixed, as is the case for the DPCCH, or related to the TFCS, as is the case for the HS-DPCCH. 
5. Conclusion

Taken the pros and cons of the two main multiplexing alternatives into account, it is recommended to map the two CCTrCHs onto separate sets of (E-)DPDCHs. A text proposal for [1] is given in the appendix.
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7. Appendix: Text Proposal for TR 25.808

--- Begin text Proposal ---

5.2 Overall Physical Channel Structure

The CCTrCH of E-DCH type and the CCTrCH of DCH type are mapped to separate, non-overlapping sets of channelization codes. 

--- End text Proposal ---

