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1 Introduction

This contribution outlines the reference model of HSDPA protocol stack and functionalities. The proposed HSDPA protocol architecture is based on Release 99 UTRAN protocol reference model with additional protocol stacks and functionalities to support the endorsed technologies, such as Fast cell selection (FCS), hybrid ARQ (H-ARQ), adaptive modulation and coding (AMC) and Multiple Input Multiple Output Antenna Processing (MIMOAP).  The proposed protocol architecture is a multiple protocol layering structure with multiple protocol control structure.  The multiple protocol layering structure has advantages of preserving a majority of the current protocol functionalities for backward compatibility and creating new functionalities for supporting the aforementioned newer technologies. 

2 Discussion

HSDPA aims to support downlink packet data rates  in excess of the current maximum data rate of 2Mbps supported in 3GPP. The principle of the proposed radio technologies for HSDPA is to send high rate downlink data when the UE has relatively good radio channel condition.  The downlink data rate varies with time since it is adapted to radio channel conditions.  The rapid radio channel variation requires a set of sophisticated protocols to quickly respond to the channel variation.  The error control and sharing access control functionalities are  located at the RNC in current UTRAN protocol reference model.  The Iub link round trip delay and RNC processing time of error and sharing access  would preclude quickly reacting to channel variations.  Thus, new error control and sharing access control functionalities are added at the physical layer of the Node B.  PHY-SAC (Physical Sharing Access Control) and PHY-LAC (Physical Link Access Control) sub-layers are added in the middle of the current PHYSICAL layer protocol stack at the Node B for rapid access control as shown in Figure 1.     
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Figure 1: Protocol Stack for HSDPA

The proposed protocol stack shown in Figure 1 is a multi-tier error and sharing access control schemes.  The first tier protocols are the PHY-LAC and PHY-SAC at the Node B for the fast sharing access control, flow control, and error control.  The radio frame structure at the PHY layer should be enhanced to support a flexible  sub-frame structure (1x time slot, 3x time slot, or 5x time slot) in contrast to the current fixed 10 ms radio frame specification.  The flexible radio frame structure enables multiple access control functionalities to assign the data rate dynamically and effectively to the best users based on their current radio channel conditions.  The physical layer is divided into two parts - PHY-Upper and PHY-Lower.  PHY-Upper performs the transport channel data processing and mapping to the physical channel, such as CRC attachment, channel coding, rate matching, interleaving, sub-frame segmentation, and physical channel mapping.  PHY-Lower performs spreading and modulation.  The fast sharing access control, flow control, and error control are performed at the sub-frame level.  Hence, the PHY-LAC and PHY-SAC functionalities are added between PHY-Upper and PHY-Lower. The addition of the PHY-LAC protocol is to perform the sub-frame level flow control, error detection, and ARQ retransmission.  The error detection mechanism could be achieved by feedback of the CRC check from PHY-Upper.  The flow control is a buffer management function that will incorporate multiple access control at the PHY-SAC.  The proposed advanced technologies, such as AMC and MIMOAP, require fast sharing access control scheme at the Node B to control multiple UEs accessing the available resource to achieve the highest possible DL data rate transmission.  The PHY-SAC protocol is designed to have the capability of multiple access control, such as priority setting, scheduling, rate control, and power management, for all users accessing the enhanced-DSCH.  The PHY-SAC also needs to support the Fast Cell Selection technology and to incorporate MAC-d protocol at the RNC. 

The second tier protocols are the current RLC and MAC-d with enhanced functionalities to support HSDPA. The MAC-d protocol at the RNC requires additional functionalities of data multi-cast and multi-site coordination to support multi-site DL data transmission of FCS technology.  The enhanced functionalities of MAC-d protocol to support data multi-cast include Iub and Iur link controls (transport channel QoS and timing control).  The RLC protocol at the RNC should be enhanced to support the ARQ for multi-site transmission.

3 Proposal

The protocol architecture and functionalities for HSDPA should be according to Figure 1,  in order to support four potential technology areas: AMC, FCS, H-ARQ, and MIMOAP.   The proposal should be included in Chapter 5.1 and 5.2 of 25.950. 
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