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1 Introduction

In the previous meeting, NodeB controlled time scheduling has been proposed for enhancing the performance of the uplink dedicated channel by allowing NodeB control of the UE TFCS and transmission time by fast L1 signalling. This contribution proposes a transport channel multiplexing structure that would support the scheduling modes controlled by the NodeB. The discussions focus on how the co-existence of the different modes affects how the transport channel processing is enhanced for the support of HARQ, shorter TTI, and AMC. 

2 Multiplexing Chain for E-DCH

In NodeB controlled time and rate scheduling, the uplink transmission data rate within the initial TFCS is controlled to better manage uplink interference with the additional control of the UEs transmission times. A new MAC entity is introduced in the NodeB as well as the UE to enhance the multiple access control procedure to react on the fast radio channel variation.  The new MAC entity also provides additional error control functionality, such as H-ARQ. This new MAC in the Node B avoids the latency involved in relaying the ACK or NACK to the RNC. At the same time, by processing the ACK/NACK at the NodeB, retransmissions by the UE can be scheduled sooner and hence exploiting possible favourable channel conditions.  To further exploit the potential gain with NodeB time scheduling, the introduction of a shorter TTI is proposed in addition to the Rel5 TTIs. With a shorter TTI, the RTT is reduced improving the responsiveness of the NodeB to the channel condition of individual UE and then able to better schedule the transmission time during the favourable channel condition. 

The Physical Layer receives the MAC-EU PDU from the MAC-EU entity (in the UE). MAC-EU PDU contains logical DCH data after HARQ processing from different transmission modes with each transmission mode having its own HARQ entity. The MAC-EU PDU’s of different transmission modes are stored in the buffer for the process at the physical layer.  The physical layer process includes the transport channel processing, transport channel multiplexing, physical channel mapping, and physical channel processing. The MAC-EU would be able to switch the data from the different MAC-d flows between the different scheduling modes and/or between the different TTIs. The features of the MAC-EU in the NodeB are discussed in a separate contribution [1].

Separate Transport Channel for Autonomous and Time Scheduled Mode:

With two or more separate transport channels with each from different transmission mode, the MAC-EU entity in both the NodeB and the UE contain a separate HARQ entity to process the packets separately e.g. generation of the ACK/NACKs.  The independent HARQ entity allows independent QoS control of each transmission mode.  With each transmission mode has its own transport channel(s), these transport channels are allowed to use different TTI e.g. 10ms and 2ms for the flexibility in the system design.  

New Radio Sub-frame and the associated scrambling code structure:

A shorter TTI length of 2ms for the Time and Rate Scheduled Mode has been proposed., Thus,  a new radio sub-frame structure of 2 ms is proposed.   There is no change of the UL short scrambling code but some minor changes of the UL long scrambling code in the proposed 2 ms Radio Sub-frame will for further investigation and discussions. One possible solution is that the long scrambling sequences could be constructed from position wise modulo 2 sum of 7680 chip segments of two binary m-sequences generated by means of two generator polynomials of degree 25 to replace that of 38400 chip segments in current 10 ms radio frame structure.  The impact on such a long scrambling code on the performance will be for further study.

Min TTI for E-DCH:  

The packets from the time and rate scheduled and rate scheduled mode are multiplexed in the MAC-eu and forwarded to a single CCTrCH with TTI equal to the min (Auto_TTI, TimeSch_TTI) where Auto_TTI and TimeSch_TTI are the autonomous mode TTI and time scheduled TTI, respectively.  It is thus preferable that the Auto_TTI is a multiple of the TimeSch_TTI e.g. 10ms and 2ms, respectively. 

A Separate CCTrCH for E-DCH: 

The transport channel multiplexing structure is shown in Figure 1 where it is shown MAC-EU PDU’s from the scheduled mode and autonomous mode with different TTI’s being multiplexed onto a single CCTrCH. With this model, the CCTrCH for E-DCH is separated from the Rel5 DCH CCTrCH processing. Thus, for services not using enhanced uplink services, its multiplexing processing is not impacted. 

The transport block size for each mode is formed at the MAC-EU function based on the specific rate control function at the Node B. The length of the transport block size is set flexibly to match with the controlled data rate.  A downlink control channel for the rate controls the data rate and time scheduled mode or the provisional algorithm of the data rate control for the rate-controlled mode. The CRC is attached at each transport block.   The code block segmentation is to segment the large transport block to the code block for the channel encoder.  The channel coding and padding performs channel encoding and attaches the padding bits.  The 1st interleaving is to interleave the transport channel coded block at the interval of the transport channel TTI.

Dynamic Physical Channel Mapping:

Although a new 2 ms TTI Radio Sub-frame is proposed for the physical channel when 2 ms TTI Time Scheduled Mode transport channel exists, current 10 ms Radio Frame structure could still be used when the transport channels only contain TTI length longer than 10 ms. The physical channel segmentation/assembly block in the proposed transport channel structure allows both the segmentation and concatenation of CCTrCH with different TTI length.  It also allows the mapping of CCTrCH to either the 10 ms Radio frame or the 2 ms Radio Sub-frame.  This will allows the flexibility in the design of the physical layer.

The same 2nd interleaver could be used over a 2ms or 10ms depending on whether 2ms radio frame or 10ms radio frame is used, respectively.  Since NodeB is expecting the context of the data type, time and rate scheduled or rate scheduled mode data, it could correctly demultiplex the received data after the de-interleaver to the appropriate transport channel processing chain.
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Figure 1: E-DCH Transport Channel Multiplexing Chain

3 Conclusion 

An uplink transport channel structure and physical channel mapping is described in this contribution and has the following key features: 

· Support of both rate and rate/time scheduling modes and modes switching between modes

· Support of use of different TTIs (e.g. 2ms and 10ms) for the two different scheduling modes

· A separated CCTrCH for E-DCH that separate the processing from the R5 DCH processing but with the flexibility to have a CCTrCH for both E-DCH and legacy DCH multipelxing.  

· Single MAC-EU at NodeB and UE with Logical channels and Mac-d flows unaffected

It is recommended that the transport channel structure described in Section 2 be reflected in the TR 25.896 and be taken as a basis for further discussions.
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