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Introduction

Future 3GPP systems should be capable to support symmetric services of up to 2 Mbps.  In order to achieve this goal the peak and average data throughput of the uplink should also be increased compared to Release-5 specification.  Applications of uplink enhancements includes background (video-clips, multimedia, e-mail, mobile web-browsing, telematics etc.) and interactive (gaming, video-streaming etc.) services.   The HSDPA enhancements like Fast link adaptation using higher order modulation, fast Hybrid ARQ, smaller frame size and fast Node-B scheduling can also be applied in the uplink direction to improve its peak and average throughput. Work on enhancements to the uplink could be started based on the approved study item for Release-6.





Proposal

We propose several enhancements for packet data services for uplink using dedicated transport channels so that the system could support higher peak rates while maximising the capacity and coverage of the system using a new uplink channel called Enhanced Uplink Dedicated Transport Channel (EUDTC).  The following enhancements are proposed below:

1. Adaptive Modulation and Coding (AMCS):

 In cellular communication systems, the quality of a signal received by a subscriber device depends on distance from the desired and interfering base stations, path loss, log-normal shadowing, short term Rayleigh fading etc. In order to improve system capacity, peak data rate and coverage reliability, the signal transmitted to and by a particular user should be modified to account for the signal quality variation.  The process of modifying the transmitted signal to compensate for signal quality variations is known as link adaptation.  Two known link adaptation techniques are fast power control and adaptive modulation and coding (AMCS).  In DS-CDMA systems fast power control in uplink is utilised to mitigate the near-far problem and to compensate for the variation due to short term Rayleigh fading.  It may be noted that using fast scheduling combined with smaller frame size while targeting an appropriate noise rise level avoids the need to fast power control EUDTC.  However, in order to assign all available UE power or meet a target threshold it is advantageous to vary EUDTC power on a slot-by-slot basis.

In view of the above, it is proposed that the EUDTC should support AMCS which in turn will support peak rates of up to 2 Mbps (using 1 code channel) as shown in Table 1.  The table shows assignments for 1 code because of possible PAR degradation due to multiple codes.  The basic block diagram of the EUDTC is shown in Figure 1.  

The EUDTC will have the following features: 

1. Should support BPSK, QPSK and possibly 8-PSK modulation.

2. Turbo Coder rates ranging from 0.2 to 1.

3. Smaller frame size (e.g. 2 msec).

4. Fast scheduling  (e.g. using mainly Time Division Multiplexing ).

5. Should support soft-handoff

6. Control information related to EUDTC may be piggybacked on the control channel for Rel-5 i.e. use HS-SHCCH for downlink and HS-DPCCH for uplink.  Alternatively, the possibility of using 10 msec control channel frame size may also be investigated.

The EUDTC rate determination can be Node-B or UE based.  Since the EUDTC is scheduled from Node-B it is preferable to have the former option.  In case of Node-B based rate determination the UE signals the buffer size, power margin etc. to Node-B.
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Table 1.  Possible EUDTC Rates

2. Hybrid ARQ (HARQ):

Automatic-Repeat-Request (ARQ) schemes are used in packet data communication system.  The simplest form of hybrid ARQ scheme was proposed by Chase [1].  The basic idea in Chase’s scheme is to send a number of repeats of each coded data packet and allowing the decoder to combine multiple received copies of the coded packet weighted by the SNR prior to decoding.  This method provides diversity gain and is very simple to implement.  Turbo codes can also be used to improve the efficiency of hybrid ARQ schemes.  Instead of sending simple repeats of the coded data packet, this form of hybrid ARQ called Incremental Redundancy (IR) sends progressive parity packets corresponding to code rate of R= 3/4, 1/2 etc i.e. in each subsequent transmission of the packet the code rate is increased.  Both Chase and IR based HARQ schemes were studied extensively during the development of HSDPA for Rel-5.  It is intended to support both these schemes using rate matching for EUDTC.  The use of HARQ during soft-handoff operation also should be investigated.

3. Smaller Frame Size:

The current 3GPP W-CDMA specification supports uplink DCH with frame size of 10 msec.  In order to support fast scheduling using HARQ and AMCS in an efficient manner it is desirable to have smaller frame size (e.g. 2msec) similar to HS-DSCH.  Further, smaller frame sizes reduces the payload to a manageable level.  As such it is proposed, to consider smaller frame size (e.g. 3 slots) for the EUDTC.

4. Position of Scheduling Mechanism:

In order to accomplish the gains of Hybrid ARQ/AMCS, the EUDTC needs to be scheduled from Node B based on a smaller frame size (e.g. 2 msec).  It may also be preferable to schedule one UE at a time in a TDM fashion so as to reduce the uplink interference and reducing the scheduling complexity.  Also, the scheduler needs to make assignments based on physical parameters such as uplink noise rise, power margin at the UE, Queue/Buffer size etc.  Capacity is improved if the delay is reduced between this measurement information becoming available and the signalling of the allocations which can be accomplished using de-centralised scheduling.  
5. Fast DCH Setup:

One of the key objectives of the study is to reduce the setup time for the DCH e.g. the transition from CELL_PCH state to CELL_DCH state and CELL_FACH state to CELL_DCH state.    

6. Control channel design to support EUDTC:

One of the options for control channel design of EUDTC is to use the control channels for Rel-5 HS-DSCH to piggyback the control information required for EUDTC.  This can be achieved by defining an additional frame format for HS-SCCH and HS-DPCCH.  The second option is to define a new set of control channels to support EUDTC operation.  Finally, the third option is to use 10 msec frame size.  Further, the design of control channels when the UE is in soft-handoff should be addressed.
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Figure 1.  Enhanced Uplink Dedicated Transport Channel
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