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1 Introduction

Text proposal based on [5] is attached.
2 Text Proposal for TR 25.896

-------------------------------- Start of Text Proposal for TR 25.896 ---------------------------------------------

8.3 Multiplexing Alternatives

8.3.1 Enhanced MAC (MAC-eu) for Autonomous and Node-B Controlled Scheduled Modes 

Node B controlled scheduled mode and autonomous transmission mode can be accommodated through the introduction of enhanced MAC-eu entities at each UE and at the Node B. At the Node B, MAC-eu may perform scheduling and rate control/supervision for scheduled mode and only rate control/supervision for the autonomous mode. Rate control/ supervision for either mode may be carried out through a commanded rate, suggested rate or a TFC threshold that limits the UE to a subset of the TFCS.  At each UE, the MAC-eu performs the important new task of multiplexing upper layer (e.g. MAC-d) data into one or more transport channels defined for the scheduled and autonomous modes of operation. 

If H-ARQ is used, then MAC-eu performs the H-ARQ task in conjunction with the physical layer. Furthermore, the MAC can either have separate or common H-ARQ entities for scheduled and autonomous modes. The implication of having a common H-ARQ entity is that data transmitted using scheduled mode may be retransmitted and combined with the original transmission using autonomous mode and vice-versa. 

8.3.2 Transport Channels for Autonomous and Node-B Controlled Scheduled Modes

The attributes of the transport channel and the precise nature of the control exercised on the TFCS would differ in the two modes. The following transport channel alternatives should be considered:

· Single TrCH for both modes:  Since only one TrCH is used for both modes, only one mode can be used at a given time. If a scheduled mode of operation is used, then the Node B would determine the transmission start time (i.e., the TTI in which this UE would transmit) and will either command the data rate or recommend the maximum allowed data rate for the TTI.  If autonomous mode is active, then the UE can select the TFC on its own from possibly a restricted set allowed by the Node B. The single TrCH approach may be somewhat complicated if transport channel attributes, such as TTI, need to be different for the two modes. For example, for the scheduled mode of transmission a short TTI may be better, while for autonomous mode a longer TTI may be better.   With a single TrCH, UEs that need to autonomously send small amounts of delay sensitive data may not be able to do so while in a scheduled mode. 

· One TrCh for each mode: In this approach one transport channel is introduced for the Node B controlled scheduled mode and one for the autonomous mode with Node B control/supervision. For convenience, these are referred to as E-DCH-SCH and E-DCH-AU, respectively. The E-DCH-SCH and E-DCH-AU can have different transmission attributes and methods of control. 

The E-DCH-SCH can have shorter transmission time intervals (TTI) than 10ms, and other transmission attributes (e.g. selected data rate for transmission, coding rate, modulation etc.) may be selected by the Node B (in addition to the actual TTI in which the UE will transmit) as envisaged for the scheduled mode of operation. 

The E-DCH-AU can have TTIs allowed currently in UMTS e.g. 10ms or its multiples, and may be used for short transfers of data or for delay intolerant data. The transmission attributes of this transport channel can either be negotiated with RNC as is done currently with DCHs, and can additionally be restricted to a subset of attributes by the Node B. Without the feature of Node B control/restriction on the TFCS, this transport channel would simply reduce to an existing DCH. 

Since E-DCH-SCH and E-DCH-AU co-exist, typical mode of operation would be to allow only moderate data rates for E-DCH-AU and high peak data rates on the E-DCH-SCH. The MAC-eu entity can also apply priority scheduling rules depending on the delay or error requirements to determine whether data should be sent using the E-DCH-SCH or E-DCH-AU.

8.3.2.1 Mapping of Transport Channels to Physical Channels

The physical layer is responsible for mapping any transport channel(s) for the enhanced uplink and any other existing DCHs onto physical channels. The transport channels may be coded and multiplexed into a single Coded Composite Transport Channel (CCTrCH) or multiple CCTrCHs. Both these approaches are briefly discussed below and should be investigated for the support of co-existing scheduled and autonomous modes in the enhanced uplink. 

8.3.2.1.1 Single CCTrCH

Here, the transport channel(s) for the enhanced uplink and any other existing DCHs are coded, rate matched and multiplexed into a single CCTrCH. This conforms to the current requirement that there be only one CCTrCH on the uplink. It is possible to support both scheduled and autonomous modes using this approach with some additional signalling during soft handoff. However, support of TTI durations smaller than 10ms may be somewhat complicated. It limits the flexibility with H-ARQ operation as the coding rate at retransmission may be dependent on other DCH data being multiplexed.   Also, bits multiplexed on the same CCTrCH typically have the same C/I requirement and this may not be desirable in general for E-DCH (example, web-browsing data with H-ARQ and voice without H-ARQ may have vastly different C/I requirements).  Soft handoff operation between Rel99/Rel4/Rel5 Node B with a Rel6 Node B may also lead to some problems with regard to decoding the other DCHs.

8.3.2.1.2 Multiple CCTrCHs

If multiple CCTrCHs are allowed, then several options are available. If a single E-DCH transport channel is defined for both autonomous and scheduled modes, then this transport channel can be carried on its own CCTrCH. Other DCHs would be multiplexed on to a separate CCTrCH completely unchanged from Rel99/Rel4/Rel5. 

Alternately, if two transport channels are defined, one for scheduled mode E-DCH-SCH and one for autonomous mode E-DCH-AU, then several options exist.  E.g., since the E-DCH-AU would be quite similar to an existing DCH, the E-DCH-AU can be coded and multiplexed together with legacy TrCHs onto a single CCTrCH while a separate CCTrCH may be employed for the E-DCH-SCH. Yet another option is to multiplex E-DCH-AU, E-DCH-SCH and other DCHs each on to a separate CCTrCH (three in all).

Some of the benefits of introducing multiple CCTrCHs are discussed briefly below:

· Introduction of other TTI lengths: Shorter TTIs for E-DCH may be easier to introduce in this case compared to the case of Section 0. 

· Slot or frame synchronism: The lack of slot/frame synchronism across users can complicate scheduling and rate assignment. It also complicates the use of shared downlink control channels for EUDCH for messages such as schedule notification etc. These complications arise regardless of the TTI duration. Alignment of users at the slot or E-DCH TTI level is desirable in order to allow for better resource and noise rise management by the UE, and in order to reduce latencies [2]. When multiple CCTrCHs are allowed, the physical channel(s) corresponding to the CCTrCH for E-DCH can be TTI aligned for different users, while leaving the relative timing for physical channels corresponding to the other CCTrCH unchanged.  

· H-ARQ: Hybrid ARQ may be performed with greater flexibility as compared to the case of single CCTrCH. (Note that as in the case of HSDPA, H-ARQ is expected to yield significant benefits for E-DCH.) However, H-ARQ operation can be quite complicated when the UE is in SHO because of the lack of coordination across different Node-Bs, and may require some increased uplink signalling overheads for proper operation. Furthermore, unlike in the case of voice traffic, the extent of the benefit from macro-selection diversity is not quite clear. As a result, H-ARQ operation in SHO may be prohibitively expensive. Introduction of multiple CCTrCHs may allow the flexibility of introducing H-ARQ on only one of them, which is used when the UE is not in SHO. (Currently, only transport channels with the same active set can be mapped onto the same CCTrCH.)

· Variable gain factors and modulation: Different gain factors (d) can be applied for the physical channels onto which the contents of different CCTrCHs are carried. This allows the traffic-to-pilot power ratio to be adjusted according to the individual enhanced uplink transport channel requirements. Furthermore, it may be difficult to use QPSK modulation for E-DCH if only one CCTrCH is present. This is because other transport channels use BPSK modulation, and it may not be possible to use different modulations for different transport channels that are multiplexed into one CCTrCH, which is then carried on the same physical channel(s). 

· Interoperability with Rel’99/Rel’4/Rel’5 base stations: Soft handoff operation between Rel99/Rel4/Rel5 base stations with a Rel6 base station will work since the CCTrCH for other DCHs and associated UL DPCCH transmissions can be left unchanged from previous releases. 

In summary, this approach may be somewhat “cleaner” in that the new MAC-eu functionality is mostly separate from the previous MAC-d functionality. If two transport channels are defined, one for scheduled mode E-DCH-SCH and one for autonomous mode E-DCH-AU, then, as mentioned earlier, several options exist.  If the E-DCH-AU is coded and multiplexed together with legacy TrCHs onto a single CCTrCH and a separate CCTrCH is employed for the E-DCH-SCH, then this may address some of the problems with the single CCTrCH approach. But the issue of soft handoff operation with Node Bs of a previous release still remains. Also, Rel 5 and earlier coding, multiplexing and rate matching chains still will need to be changed to accommodate E-DCH-AU. Alternately, if E-DCH-AU, E-DCH-SCH and other DCHs are each multiplexed on to separate CCTrCH (three in all), then this would leave the legacy DCHs completely unchanged. It may also allow for fully flexible H-ARQ operation across autonomous and scheduled modes.  

A potential concern with the multiple CCTrCH approach is peak-to-average power ratio (PAR). Further analysis is needed in order to quantify the PAR increase, and any resulting impact. Otherwise, the multiple CCTrCH approach may lead to a “cleaner” solution for accommodating enhanced DCH. Examples of mapping of transport channels to physical channels for the case of two enhanced transport channels, E-DCH-SCH and E-DCH-AU, are shown in Figures 2 and 3.  Note that several of the tradeoffs discussed here between single and multiple CCTrCHs apply even to the case where only a single mode (either scheduled or autonomous) is defined.
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Figure 2: Multiplexing of E-DCH-SCH and E-DCH-AU+legacy DCHs onto 2 CCTrCHs by the physical layer in the UE.
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Figure 3: Multiplexing of E-DCH-SCH and E-DCH-AU and legacy DCHs onto 3 CCTrCHs by the physical layer in the UE. 

-------------------------------- End of Text Proposal for TR 25.896 ---------------------------------------------
3 Conclusion

We recommend that this be adopted into TR25.896.
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