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1.0 Introduction

The proposed protocol architecture for HSDPA study item proposes to move scheduling for the HSDPA channels to the Node B to leverage the new techniques such as AMC and HARQ to maximize data rates.  This paper discusses some of the signaling requirements of the HSDPA study item with respect to the proposed architecture.

2.0 Discussion

The MAC-HS-DSCH entity is intended to handle the scheduling and priority handling at the Node B.  The first aspect of scheduling is to determine to which user(s) to transmit to during the HSDPA frame in question. Another aspect handled by the scheduler is Adaptive Modulation and Coding (AMC), a process that selects the appropriate Modulation and Coding Scheme (MCS) level based on the current channel conditions and possibly the amount of data to transmit. If code multiplexing is to be supported, code allocation within the frame is also handled by the scheduler. One proposal under consideration for HSDPA is to use SF=32, where, in principal, MAC-HS-DSCH can allocate up to 31 codes.    The MCS and, if applicable, the code allocation may be adapted on a frame-by-frame basis.  Furthermore, HSDPA frame sizes may be as short 3.33 or even 0.67 ms. These frame sizes are much shorter than the current MAC signaling interval of 10 ms. As a result, it is necessary to study methods for carrying HSDPA MCS level selection and code allocation signaling on the downlink that is commensurate with the HDSPA frame rate.

In addition to AMC, the features of Stop-and-Wait Hybrid ARQ (SW-HARQ) and Fast Cell Selection (FCS) are under study as part of HSDPA.  Both of these features require a means of fast signaling that is commensurate with the HSDPA frame size.  SW-HARQ requires downlink signaling for conveying stop-and-wait sequence numbering and perhaps additional control for limiting the number of retries, while uplink signaling is required for communicating the acknowledgements or lack thereof for each attempted frame.  FCS requires fast uplink signaling to select the best cell from the current active set and, in addition, may use uplink signaling to provide incremental synchronization information to handover candidates so that buffers at the MAC-HS-DSCH remain synchronized.  

3.0 HSDPA Signaling Requirements

The following is an outline of the signaling requirement of HSDPA identifying the key parameters that must be communicated by the MAC-HS-DSCH.  The final configuration of the HS-DSCH channel may require additional fields and perhaps obviate some the fields identified.

3.1 Downlink Signaling

3.1.1 Adaptive Modulation and Coding

In order to support AMC, it is necessary to inform the UE which MCS that has been used on the HS-DSCH. As an example, if 8 different MCSs are to be supported, 3 bits per HSDPA frame is required for downlink signaling.

If code multiplexing is supported, additional bits are required to indicate which part of the code tree has been assigned to the UE in question.  One possibility is to restrict the code allocation to multiples of a fixed spreading factor (e.g. SF=32).  In that case, one could use 10 bits to specify the code allocation.  5 bits would identify the starting code while the other 5 bits could identify the number of codes assigned.

 Other fields may be required to support AMC.  One example is gain setting to aid the demodulation of higher order modulation such as 16 QAM.  This gain setting would identify the power allocated to HS-DSCH relative the CPICH. 

3.1.2 HARQ

The support of HARQ requires the signaling of a sequence number. For the case of n-channel stop-and-wait HARQ, at least  a 1-bit sequence number is required per HS-DSCH frame.

Additional signaling fields may be necessary to control the HARQ protocol.  For example, incremental redundancy will require additional bits to identify the particular encoding format of the current HARQ attempt.  Likewise, a mechanism for aborting the current ARQ attempt may be needed to limit the maximum number of attempts per frame and instruct the UE to flush the previous attempts from its receiver’s buffers.

3.2 Uplink Signaling

3.2.1 Channel Quality Estimate

In order to support AMC and scheduling, explicit channel quality feedback from the UEs may be required. If this is to be supported, the number of bits required is at least equal to the number of bits used for downlink MCS signaling.

3.2.2 HARQ

The use of HARQ requires acknowledgement signaling from the UE receiving data through the HS-DSCH. At least one bit per frame is required as an ACK/NAK indicator if N-Channel Stop-and-Wait ARQ is used.

3.2.3 Fast Cell Selection

The support of FCS requires feedback signaling similar to SSDT from the UE. 

Inter-Node B fast cell selection may require additional uplink signaling in order to synchronize the states of the transmission queue in the new Node B and a new slot format for the DPCCH is probably necessary. One proposal is to use 3 bits to transfer the MCS information to identify 8 MCS levels, 5 bits to transfer the code allocation (e.g. number of codes that were assigned) and 10 bits to synchronize the RLC protocols.

4.0 Conclusion

The proposed protocol architecture for HSDPA study item creates a MAC-HS-DSCH resident within the Node B to control fast hybrid ARQ and HSDPA scheduling.  This paper has discussed some of the signaling to support the features in HSDPA study item with respect to the proposed architecture.  In particular, it has identified the need to study methods for carrying HSDPA signaling that is commensurate with the HDSPA frame rate. A likely approach consistent with some of the techniques used in R99 is the use of Layer 1 signalling.  Therefore, it is recommended layer 1 signalling be adopted for HSDPA for those signaling needs requiring a very fast communication mechanism and that a liaison to WG1 be drafted requesting that a new Dedicated Physical Control CHannel (DPCCH) be studied to support the HSDPA signaling requirements.  

References

[1] TSGR1#12(00) 0556, "Feasibility study of Advanced techniques for High Speed Downlink Packet Access", Motorola

[2] TSGR#18, R2-A010010, “HSDPA Radio Interface Protocol Architecture”, Ericsson/Motorola

[3] Ghosh et al, “Performance of Coded Higher Order Modulation and Hybrid ARQ for Next Generation Cellular CDMA Systems”, Vehicular Technology Conference Fall 2000, Sept 24th – 28th, 2000, Boston, Massachusetts, USA.










