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1.0 Introduction

This contribution discusses the timing relationship in HSDPA for 1.28Mcps TDD. We recommend the N=3 channel stop-and-wait H-ARQ mechanism in [1] be agreed to apply.

2.0 Frame Structure for 1.28Mcps TDD

Here we briefly review the frame structure for the 1.28Mcps TDD option. The TDMA frame has a duration of 10 ms and is divided into 2 identical sub-frames of 5 ms [2]. 
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Figure 1. Sub-frame structure for 1.28Mcps TDD option

Figure 1 shows the sub-frame structure for 1.28Mcps TDD mode. The total number of traffic time slots for uplink and downlink is 7. Among the 7 traffic time slots, time slot#0 is always allocated as downlink while time slot#1 is always allocated as uplink. It is sure that time slot#6 would be always allocated as downlink under various UL/DL allocations. These three traffic time slots are more appropriate for signalling transmitting in all operating circumstances. Since the low chip rate TDD option is a synchronous system, transmitting uplink and downlink signalling in fixed time slots provides the benefit of decreased signalling overhead.

3.0 Timing Consideration

Among the three fix allocated time slots, only time slot#1 could be used for uplink signalling. It is natural to transmit HICH in time slot#1. As proposed in [3], the HICH carries three data fields: ACK/NACK, Quality Indicator (QI), and TPC. After decoding the ACK/NACK transmitted on uplink control channel, enough time should be reserved for the Node B scheduler to make decisions based on the radio channel conditions. It is assumed [4] that at least 2 ms be reserved for Node B processing in practice. In addition to the code allocation in FDD, Node B scheduler in TDD mode also has the option to select between timeslots. It is obvious that at least four timeslots, i.e., 2.7 ms should be reserved for the scheduler processing by Node B. This means that the associated dedicated channel carries a high-speed indicator (HI) could be transmitted in time slot#6 on the same sub-frame, as depicted in Figure 2.

In Figure 2, the transmission of HS-DSCH is assigned to start from time slot#2 to fulfil the assumption of a minimum of 2 timeslots between the Shared Control Channel and the HS-DSCH [3]. This would allow 1.625 ms to be kept for the decoding of the transport format parameters by UE. 

The UE processing time is maintained to be within +/- 128 chips of 7.5 slots (5.0ms) for FDD [5]. The maximum number of bits to be transmitted within 2 ms TTI in FDD is 28.8K with 16QAM, 15 code channels, SF=16. Due to the lower bandwidth, there are no more bits to be transmitted in 5 ms TTI for 1.28Mcps TDD. The number reduces to be less than 15K for the low chip rate TDD case. 5 ms would be enough for the UE to finish all the necessary processing tasks before the transmission of HICH in 1.28Mcps TDD mode. As stated before, the transmission of HICH is proposed to be in time slot#1. Therefore, the total UE processing time would be no less than 5.95 ms depending on the time slots allocation for HS-DSCH. 

Figure 2 shows the suggested timing structure for HSDPA. Time slot#1 is used for uplink signalling transmission and time slot#6 for HI and SHCCH transmission. The last 5 timeslots of the succeeding sub-frame could be allocated for a HSDPA packet, which is up to the Node B scheduler’s decision. This allows a minimum of 2 timeslots to be reserved between the Shared Control Channel and the HS-DSCH. 
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Figure 2. Timing structure 1 for HS-DSCH with max. DL timeslots
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Figure 3. Timing structure 2 for HS-DSCH with max. DL timeslots

In FDD, it was recommended in [5] that the HS-DSCH transmission be overlapped with HS-SHCCH transmission by (1 slot – m*256) chips. TF parameters and FHARQ parameters are encoded separately. The TF parameters are decoded for HS-DSCH after one slot, while the correctness of these parameters is checked using CRC after 3 slots. If the CRC fails, the HS-DSCH transmission is deemed invalid. This scheme can also be introduced to TDD. The structure is illustrated in Figure 3.

In Figure 3, the HI and SHCCH transmission is postponed to time slot#0 on the next sub-frame. The DwPTS, GP, UpPTS, together with time slot#1, which gives 0.95 ms, would be enough for the UE to decode the TF parameters to allow the demodulation on the fly. With this timing setup, the downlink signalling and HS-DSCH are forced to be transmitted on the same sub-frame. The benefits are two-fold: this would introduce an additional 0.675 ms available for the Node B processing as well as reduced interference between different H-ARQ processes in the stop-and-wait H-ARQ protocol. 

The afore-mentioned timing schemes would not be affected by different UL/DL allocations taking into account various policies by operators. Figure 4 depicts the timing structure with symmetric UL/DL allocation. Note that the HI and SHCCH transmission can also be arranged in time slot#0.
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Figure 4. Timing structure for HS-DSCH with symmetric UL/DL allocation

The N=3 channel stop-and-wait H-ARQ mechanism could be applied based on the above timing structure. As discussed in [1], savings in maximum buffer size would be expected. We strongly recommend to align the round trip time for different H-ARQ processes in order to relax the burden of Node B scheduler. 

4.0 Conclusions

It is proposed that timing structure for UL/DL signalling transmission should be fixed in 1.28Mcps TDD. Note that the delay between the measurement and the scheduling decision should be small enough so radio channel conditions remain approximately constant at that time period. The diagrams depicted in this document could provide low latency information for scheduling and enough processing time for both UE and Node B as well. Base on the timing relationship proposed in this contribution, the N=3 channel stop-and-wait H-ARQ mechanism is recommended to be applied for further savings in maximum buffer size. We also recommend a decision be made for TDD to keep pace with FDD.
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