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1.  Introduction

In this paper we discuss MAC multiplexing issues and propose a transport channel structure that efficiently handles the MAC multiplexing on E-DCH. We start with an overview of the R99/4/5 MAC multiplexing and highlight some issues that should be considered when designing the transport channel structure for E-DCH. Finally we outline a solution in Section 2 and 3.

1.1 
R99/4/5 MAC multiplexing on DCH

An overview of the R99/4/5 MAC multiplexing functionality is shown in Figure 1 below.
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Figure 1 Example of R99/4/5 MAC-d multiplexing on DCH

The MAC multiplexing on DCH in R99/4/5 is handled by MAC-d. It is possible to multiplex a number of logical channels on the same transport channel and it is also possible to configure several transport channels for a particular UE. The logical channels can be assigned different priorities and can have different RLC PDU sizes. The use of several transport channels is beneficial in R99/4/5 if different QoS (e.g. BLER) needs to be supported or if the logical channels have different RLC PDU sizes. Even if different RLC PDU sizes can be multiplexed on the same TrCH, they can not be transmitted in the same TTI in R99/4/5.

In HS-DSCH the multiplexing of logical channels onto MAC-d flows are done in MAC-d and the multiplexing of MAC-d flows onto the single HS-DSCH transport channel is done in MAC-hs. On HS-DSCH it is possible to transmit data with different RLC PDU sizes in one TTI if these PDUs comes from the same priority queue, even of this usage requires significant overhead. It is however not possible in HS-DSCH to transmit data from several logical channels in one TTI if these logical channels have different priority.

1.2
Starving of low priority data

Since the TFC selection in R99/4/5 specifies absolute priority between logical channels, high priority data can potentially "starve" low priority data.  Hence, as long as there is high priority data available, no low priority data can be transmitted. To what extent starving of low priority data is a problem depends on the burstiness of the traffic, i.e., the burstier the transmission, the smaller the problem. 

In R99/4/5, the starving is avoided with the use of the currently specified reference bearers in 34.108. The TFCS for the existing reference bearers are chosen such that data can be transmitted on all transport channels simultaneously. Although this approach avoids starving, these configurations are very inefficient from a performance perspective. Data on a given TrCH can only use a fraction of the physical layer data rate, even if there is no data available for the other transport channels. Even though one uses absolute priority, it is still desirable to have a solution for E-DCH that allows any logical channel to use the whole physical channel data rate when there is no other data to be transmitted.

It should be noted that with an efficient TFCS configuration that allow a logical channel to use the whole physical channel rate, the starving of low priority data is independent of the number of TrCHs configured. The starving is present regardless of if one or several TrCHs are configured and needs to be addressed separately.

1.3 
Number of E-DCH transport channels

The main usage of multiple transport channels in R99/4/5 on a DCH is the possibility to provide different QoS for different services. A typical example is that the BLER is different for the configured transport channels.  Another motivation is to provide efficient transmission when the RLC PDU size is different for different logical channels, since only one PDU size can be transmitted in a TTI. As discussed in the previous section, the starving of low priority data is however not a major reason to have multiple transport channels.

The need for multiple transport channels is smaller than for R99/4/5, since it is anyway not possible to have different BLER on the different TrCHs due to the HARQ protocol. One reason for this is that the HARQ protocol for performance and overhead reasons should operate on TTI level rather than on TrCH level. This was also concluded in [1], where only a single ACK/NACK is transmitted per TTI. This implies that even if several TrCHs where used they would all have the same QoS.

In E-DCH it would be desirable, if possible, to have only one E-DCH transport channel. This would also simplify the channel structure since TrCH dependent rate matching on E-DCH would be avoided and the HARQ protocol only needs to consider a single TrCH. 

2.  Proposed E-DCH MAC multiplexing 

The  proposed transport channel structure only supports a single E-DCH transport channel. Logically, several MAC-d flows can still be supported, but all MAC-d flows are mapped to the same TrCH as in HS-DSCH. This could be beneficial e.g. if a separate handling of the MAC-d flows is desired in the transport network.

All logical channels on E-DCH are multiplexed together on the single E-DCH with a MAC-e header, as shown in the Figure below. The multiplexing is here assumed to be done in a MAC-e entity but could also be done in a combined MAC-e/d entity. Note: In this example it is assumed that also the SRBs are mapped on E-DCH. In practice the SRBs may be mapped on the normal DCH but that does not change the issues discussed in the following.
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Figure 2 Proposed E-DCH MAC multiplexing

The difference between the proposed MAC-e multiplexing and the MAC-d multiplexing in R99/4/5 is that on MAC-e all logical channels are multiplexed together, i.e. the MAC-e header is unique per UE, compared to the MAC-d header which is unique per TrCH. 

It is assumed that each TTI contains a single TB with varying size similar as for HS-DSCH . The TB carries one MAC-e PDU with the format as described below:
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Figure 3 Proposed MAC-e header format

For each MAC-e header value, a logical channel id, a PDU size and a MAC-d flow id is mapped. Thus, the receiver can derive the PDU size from the MAC-e header value. This implies that the TFCI only needs to indicate the TB size. The size of the individual MAC-d PDUs can be obtained from the MAC-e header value. 

The overhead needed to provide multiplexing is small. In particular, note that when a single logical channel is configured on E-DCH (which may be a very common case) no MAC-e header is needed. 

The proposed solution makes it possible to multiplex logical channels with different PDU size together in the same TTI. This is beneficial for performance reasons, especially when the data rate is high. Otherwise a single PDU from a logical channel with one PDU size means that no data from other logical channels with different PDU size can be included in the TTI.

The starving of low priority data mentioned in Section 1.2 is proposed to be handled with a restriction on how large part of the resources in a TTI that can be used for a given logical channel when there is data from other logical channels available. This means that the whole physical channel data rate can be used by a logical channel when no other data is transmitted. When data from several logical channels are available, the rate for each logical channel is controlled in a similar way as the R99/4/5 TFCS.

The proposed scheme has low overhead and minimises the amount of out band signalling. Compare with a scheme with several TrCHs which requires out band indication of the transport channel id. In band signalling is in general less costly than out band signalling since HARQ and stronger coding can be applied. Out band signalling should therefore only be used for information that is required prior to decoding. 

3.
Discussion

Solutions for MAC multiplexing and transport channel handling for E-DCH have been presented in this paper.

The properties of the transport channel structure is summarized below:

· Only one single E-DCH is supported. Multiple logical channels (potentially mapped to different MAC-d flows) can be multiplexed to the E-DCH with MAC-e multiplexing

· Any logical channel can use the whole physical channel data rate when no data from other logical channels is present. When data from several logical channels/priorities is present the amount of data that can be transmitted on each logical channel is controlled by UTRAN configuration.

· MAC-d PDUs with different size from different logical channels can be transmitted in a TTI

· Only the TB size (not the TrCH or the PDU size) needs to be indicated on the TFCI

· Any TTI length is supported (*)

· Node B controlled HARQ with soft combining is supported (*)

· Scheduling is supported (*)

· The R99/4/5 functionality for DCH is unchanged, i.e. existing DCH implementations are not affected (For E-DCH the MAC-d however needs to be updated).

Note: (*): These issues are not discussed in this paper but it should be noted that the transport channel structure does not limit the use of these features.

4.
Conclusion

A solution for E-DCH MAC multiplexing and a transport channel structure for E-DCH has been described. It is proposed to adopt this structure for the E-DCH and to capture the bullets in section 3 in the Stage 2 TS.




� It could be considered to have a time sharing approach where several transport channels are used but only data from one transport channel can be transmitted in a TTI. That would however again result in a starving problem and would complicate the TFC selection algorithm further. 
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