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Benefits for Physical Layer Radio Resource Usage with DSCH in TDD and Layer 1 Resource Indication. 

Introduction
For UTRA FDD, Downlink Shared Channel (DSCH) has been decided to be included in release-99, while Uplink Shared Channel (USCH) will be studied for later releases. For UTRA TDD the use of DSCH and USCH is currently open in WG1.This contribution highlights the befits for TDD radio resource usage from DSCH and USCH and proposes a method for fast layer 1 resource allocation for DSCH with TDD. The main point of the contribution is to show that there is the need for shared channels in UTRA TDD for efficient packet data operation. Similar issues were discussed with UTRA FDD for example in [1] and [2].

Comparison of downlink resource usage with and without shared channels.

Let’s assume 384 kbits/s packet data service with ½ rate turbo coding resulting to roughly 768 kbits/s after encoding. With the burst type 2 this will fit to either 3 slots (giving 660 kbits/s uncoded) or 4 slots (880 kbits/s uncoded) slots depending whether puncturing is done or repetition for rate matching. For simplicity let’s assume that puncturing ratio around 14% is used for the data, thus it fits to 3 slots.

In a frame we have currently 15 slots after the harmonisation, thus a quick calculation shows that we can fit maximum of 4 users with 384 kbits/s packet data allocation to a single carrier from the radio resource availability point of view. This is since at east one slot is reserved for BCH and one slot for RACH.

If the users have data sources with relatively low activity, say 1/10 activity cycle, then the resulting capacity in the system due resource limitation is rather low. With a simple arithmetic the system efficiency for uplink or downlink becomes:
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Please note that this capacity has nothing to do with system capacity simulations, this is just calculated from the available physical resource point of view.

The use of DSCH can improve the situation. With DSCH the 384 kbits/s service needs the same amount of slots at give time. Now however a single DSCH can be shared by several users. The sharing of the resource between 3 users can be seen reasonable with the assumed 1/10 activity cycle. The DSCH is now assumed to be associated with a dedicated channel in the downlink. Each of the dedicated channels have 1 code in at least one slot with spreading factor 16. These channels can share also the slot used for BCH, but for simplicity let’s assume that 12 slots in total is available for the DSCH use. Now 8 users occupy a single slot for their dedicated channel use and thus for 9 users two slots are needed for their dedicated channels.  This results to 10 slots for the packet data use. 3 sets of DSCH with 384 kbits/s capability can be used each taking 3 users, giving total of 9 users per carrier. One slot if left unused in this case for other needs and in some cases the dedicated channels for 9 users could even be fitted to a single slot. Now the efficiency for TDD use from the physical layer resource availability becomes:
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while leaving 1 slot totally unused out of 12 and leaving 3 slots for RACH/FACH/BCH use. The calculation could be further optimised by assuming sharing a slot between DCH and BCH etc, but this simple example showing more than two fold improvement is valid in TDD for both uplink and downlink. In FDD the similar issues were relevant in the downlink direction only, leading for approval of DSCH for FDD.

Proposed method for downlink resource allocation signalling

It is evident that in order to allows multiplexing of several users into a shared channel, also fast resource allocation is needed in order to maintain the perceived quality of the users. The proposed method here is to use information in the midamble sequences to indicate whether user is expected to detect the shared channel or not.

With the current parameterisation there are 128 sets of midambles available plus then 8 (or 16 as proposed) midambles per set. This allows the use of the midambles for DSCH activity indication as given in the following example.

3 UEs have their own DCH in the same downlink slot with a single midamble. The DSCH has 3 options in the simplest case, and each UE is aware of its own option. The UE detects the dedicated channel and then sees whether the DSCH slot contains its midamble comparing for example the Ec/Io from the two midambles. If the DSCH midamble fulfils the criteria, then UE will perform the joint detection for the N slots that correspond to the DSCH.

This kind of resource indication has the following benefits:

· Similar to FDD DSCH, frame by frame allocation is possible

· No error propagation or need for acknowledgements of the frame by frame allocations

· As both allocation and DCA controlled from the RNC, no conflict there either. Allocation can be cancelled by RNC at any frame as Node B transmission for the DSCH is controlled in RNC similar to FDD.

· Increased similarity for the operation of FDD and TDD from the RNC point of view

· Simple from the UE point of view, from the DSCH frame not intended for the UE, only a midamble detection needs to be performed. 

Conclusions

The DSCH/USCH operation allows efficient UTRA TDD code/slot resource usage with low delay and low signaling resource need. 

The proposed method for DSCH allows to use fast, physical layer signaling similar to FDD to retain user service quality with DSCH. This is not intended. to not exclude the possibility to use high signaling for indicating the existence of a downlink shared channel. 

It is recommended that DSCH and USCH are included for UTRA TDD and for DSCH it is recommended to consider physical layer based DSCH resource indication method for getting the most out of DSCH with TDD.
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