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1 Introduction
E-DCH multiplexing issue has been discussed since the start of the study item. From the investigation on this issue, there can be two options for E-DCH multiplexing and each option has its own pros and cons. [1][2][3][4] Furthermore, multiplexing is very closely related to the TTI length of E-DCH, so more elaboration and evaluation of multiplexing is required considering TTI length. And, E-DCH multiplexing can give some impact to the existing DCH, backward compatibility issues shouldn’t be disregarded

In this contribution, we intend to present possible multiplexing alternatives first and then describe the combined scheme for these options.

2 TTI lengths and Multiplexing options

This section discusses the possible TTI lengths for E-DCH, such as 2ms TTI and 10ms TTI. And this also discusses the suitable multiplexing options for respective TTI lengths.

2.1 Existing Rel’99 TTI (e.g. 10 ms)

10 ms TTI for E-DCH can reuse the existing TTI length that is used for UL DCH. This fact allows for reusing the Rel’99 DPCH structure. TFCI signalling can have the role of TFRI signalling for E-DCH. Furthermore, reuse of multiplexing chain seems possible, that is, E-DCH can be time-multiplexed into the same CCTrCH as the other existing DCHs.

10ms TTI and time-multiplexing pair seem good from the perspective of reusing existing functions and decreasing signalling overhead, in addition to relatively small possibility of PAPR increase. But, the flexibility of HARQ functionalities is one weak point. There would be some restriction on AMC function, since different modulation schemes cannot be used other than BPSK.

2.2 Shortened TTI (e.g. 2 ms)

Shortened TTI can be utilized for better delay properties. Code-multiplexing with DCHs seems suitable for 2ms TTI. With the code-multiplexing, HARQ can be implemented with high flexibility and modulation schemes other than BPSK can be used. Considering all factors, the degrees of freedom for designing the E-DCH structure could be increased. 

But 2 ms TTI is newly introduced one, so reusing existing functions is difficult. Some methods are proposed for using time multiplexing and shortened TTI [1][3], but these schemes cannot maintain the basic structure of the existing DCH, that is, there is no longer backward compatibility. 

But, before thinking the merits of 2 ms TTI and code-multiplexing pair, PAPR issue and signalling overhead should be verified.

3 Selective multiplexing scheme

Possible alternative pairs for E-DCH TTI length and multiplexing are described in previous section. This section is presenting the combined transport channel multiplexing scheme for E-DCH considering the merits and demerits of those alternative pairs, 10 ms TTI and time-multiplexing pair, and 2 ms TTI and code-multiplexing pair.

Generally, 2ms TTI and code-multiplexing can be preferred from the point of performance. Better designing flexibility can make the E-DCH service to be performed well. Especially in the case of good uplink channel condition where the UE is not power-limited, this pair could outperform against 10ms TTI and time-multiplexing pair.

But, the performance of 2ms TTI and code-multiplexing may not be always better than 10 ms TTI and time-multiplexing. In power-limited situation, 2ms TTI may show a shortcoming because of less diversity gain and small coding gain. So, the selection of those multiplexing schemes is one candidate for E-DCH transport channel multiplexing. The change of TTI length was already discussed in [5,2]. Changing the TTI length dynamically without any restriction could bring the increase of complexity. A possible approach could be to change TTI and multiplexing only when UE enters into soft handover region from non-soft handover, or vice versa. Higher layer signalling is required for the change of event of active set change. So, the signalling of switching the E-DCH multiplexing scheme seems not to be so big overhead.
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Figure 1. Time-multiplexing of E-DCH and DCH

In SHO, UL channel condition seems not so good compared to in non-SHO. So Power-limitation problem is much severe in SHO. Therefore, it can be inferred that longer TTI is better in SHO. Furthermore if 10ms TTI and time-multiplexing is supported for E-DCH in SHO, there can be more macro diversity gain. 10 ms TTI and time-multiplexing is already supported in previous release Node Bs. So, if E-DCH multiplexing is designed to be very similar to rel’99 DCH for making existing Node Bs to decode the E-DCH, the existing Node Bs could provide the additional macro diversity gain even if they perform no soft combining. Figure 1 shows the possible time-multiplexing scheme for E-DCH. The transport channel multiplexing is almost same with existing scheme, except only HARQ functionality. So previous release Node B can decode E-DCH without soft combining, or decode the retransmission as 1st transmission.

The detailed scheme is FFS. But once it is possible for existing Node Bs to decode the E-DCH, the macro diversity gain should be increased and system throughput could be improved. Figure 2 shows this gain in detail.
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Figure 2. Operation in SHO in which active set Rel’5 Node B is included

4 Conclusion

In this paper we presented possible TTI length and multiplexing options. And then one possible scheme was presented for enlarging macro diversity gain of E-DCH in SHO region. It is proposed that the text proposal in this contribution should be included into TR25.896 [4].

------------------------------------------- Start of text proposal 1 ------------------------------------------------

8.2.
TTI length vs. HARQ physical channel structure

Two different TTIs have been mentioned in conjunction with uplink enhancements: either reusing the existing R99 10 ms TTI or introducing a shorter (e.g., 2 ms) TTI:

· Using a 10 ms TTI allows for reusing the R99 DPDCH structure, including baseband processing and TFCI signaling. The drawback is the, compared to a shorter TTI, larger delays. Using QPSK in the uplink can lead to an increase in PAR, although the value of the PAR increase remains to be investigated.
· Using a 2 ms TTI allows for reduced delays. The drawback is the need for a new physical layer frame structure and TFCI-like signaling. The most straightforward way of supporting a short (2 ms) TTI seems to be the introduction of a new code multiplexed physical channel in the uplink. Using additional codes in the uplink can lead to an increase in PAR, although the value of the PAR increase remains to be investigated.
These TTI lengths of 10 ms and 2 ms are considered here as examples.
If the existing 10ms TTI and the shorter TTI are considered to have their own clear merits depending on radio channel conditions, conditional selection of TTI length can be considered. For example, 2ms TTI is used in non-power-limited situation and 10ms TTI is used in power-limited situation such as soft handover region. 

If E-DCH utilizes physical layer HARQ, there is a need to transmit ACK/NACK signaling in a downlink physical channel. N defines the minimum number of HARQ processes required to provide continuous transmission. However, increasing the number of HARQ channels also adds to round trip time and thus N cannot be arbitrarily large. A compromise between round trip time and processing time is of main importance when considering the selection of N.

If the available time for downlink signaling and UE/Node B processing is made long enough through suitable selection of N, ACK/NACK could be embedded in existing Rel’99 downlink channel structure, i.e. within a 10 ms TTI. Another option is to reserve a specific field shorter than 10 ms time period, in a downlink physical channel for ACK/NACK as is done in HS-DPCCH for uplink in Rel’5 HSDPA. The downlink ACK/NACK field length is naturally independent of TTI length in uplink.

------------------------------------------- End of text proposal 1 ------------------------------------------------

------------------------------------------- Start of text proposal 2 ------------------------------------------------
8.3
Multiplexing alternatives

This chapter is describing the different alternatives of how E-DCH can be multiplexed with the existing Rel'99 channel structures. (E-DCH is used as a general term referring to both a possible new type of transport channel and to possible enhancements to an existing transport channel)

There are basically two different alternatives to introduce the E-DCH: it can either be time multiplexed with other DCHs in the same way as different DCHs are multiplexed in Rel'99 or it can be code multiplexed, i.e., sent using a dedicated code channel. These alternatives are described and discussed in the following subsections.

Issues that need to be studied when considering each multiplexing alternative are:

· Possible introduction of  TTI lengths shorter than 10ms

· Possible Slot or frame synchronism for E-DCH users

· Flexibility of H-ARQ operation for both soft-handoff and non soft-handoff case.

· Variable gain factors and modulation for E-DCH

· Peak to Average Power Ratio (PAR)

· Interoperability with Rel’99/Rel’4/Rel’5 base stations and support of existing R99/4/5 channels 

8.3.1
Reuse of current physical layer structure

In this alternative the E-DCH is time multiplexed into the same coded composite transport channel (CCTrCH) as the other DCHs if present. The TFCI indirectly informs where and how many bits of each DCH within the CCTrCH are, regardless of the DCH being a Rel99 DCH or an E-DCH. 

Time multiplexing is easiest to implement if the TTI length is 10/20/40/80 ms, since then the Rel'99 transport channel multiplexing chain can be used. There may naturally be some enhancements, e.g., to rate matching, to support the potential new enhanced uplink features, e.g., hybrid ARQ. 

The advantage of time multiplexing of the E-DCH with Rel99 DCHs is that no new code channels are unnecessarily introduced. The multicode transmission would only be used for high data rates in a similar way as specified in Rel99. This approach minimises the required peak to average power ratio (PAR) in the UE transmitter provided only one DPDCH is used.  The code channel structure of this alternative is the same than is already used in Rel'99. 

It may be difficult to use higher order modulation and variable gain factors with this approach. Further, the number of available channel bits on a DPDCH for E-DCH depends on the presence of higher priority DCH’s (e.g voice) and may impact the flexibility of HARQ operation.
With the similar coding chain for E-DCH with Rel’99 DCH and time multiplexing scheme to a single CCTrCH, the possibilities of decoding E-DCH in previous release Node Bs could be considered even though no soft combining is performed in those Node Bs. This kind of backward compatibility increases the macro diversity gain in SHO, especially in which previous release Node Bs are included in the active set.
8.3.2
Allocating a separate code channel for Enhanced uplink DCH

In this alternative the E-DCH is code multiplexed with other DCHs, i.e., sent using a dedicated code channel, thus introducing a new CCTrCH in the uplink. (Note, that Rel'99 only allows one CCTrCH in the uplink per UE.)

The advantages of code-multiplexing include, among others, simpler introduction of new/shorter TTI lengths, increased flexibility of HARQ operation , and support of adaptive modulation.

Introducing a new code channel may increase PAR in some cases which should be studied. Further, the available resources, such as power, for the code channel carrying E-DCH depends on the presence of higher priority DCHs being carried on the other code channels.
------------------------------------------- End of text proposal 2------------------------------------------------
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