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1 Introduction

This document outlines a signalling structure that allows multiple simultaneous transmissions (either all retransmissions or a new transmission and retransmission(s)) to a UE within a TTI.  Having the flexibility for multiple transmissions to a UE within a TTI provides improved performance especially at low speeds (see [1] which demonstrates gains of up to 30% at 3km/hr).
2  Scheduling and HARQ

In 25.308 [2], it is stated that:

----------------------------------------------------------------------------------------------------------------------------------------------------

-
Scheduling/Priority Handling

Due to the restrictions in the physical layer combining process, it is not permitted to schedule new transmissions, including retransmissions originating in the RLC layer, within the same TTI, along with retransmissions originating from the HARQ layer.

----------------------------------------------------------------------------------------------------------------------------------------------------
 The signalling structure proposed in this section illustrates how multiple transmissions to a UE can be conveniently accommodated within the existing signalling framework. If the decoding of multiple control channels simultaneously is not possible by UEs, then this feature can be made a UE capability. If the scheduler is aware of the UE capability, then it will know when and which users can support multiple simultaneous transmissions.

The main motivation to support multiple simultaneous HARQ transmissions is that there may be times when multiple transmissions to a UE may be pending: e.g. two retransmissions on different HARQ processes or a new and retransmission.  In cases when this happens for the best user in the system or when there is only one active user, having the capability to perform multiple simultaneous transmissions can be used to advantage. With the CDM approach, multiple transmissions to a UE within a TTI can be performed by using multiple shared control channels for the same UE in the same TTI. Each control channel will carry the control information pertinent to only one of the HARQ process. In the example shown in Figure 1, a retransmission for UE B is performed over 3 codes in the third frame while a new transmission to the same UE is performed over 9 codes.  
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Figure 1 An example of simultaneous new transmission and retransmission to the same UE within the same TTI.

2.1 Multi-level ACK/NACK

When two or more HARQ transmissions for the same UE are performed in the same TTI, a multi-level ACK/NACK is needed on the uplink.  A multi-level ACK/NACK can be achieved by using the same format as used for single-level (binary) ACK/NACK. An example of multi-level ACK/NACK feedback is shown in Figure 2.  The transmissions B1 and B2 for the same UE are ACKed in a single ACK/NACK feedback. 
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Figure 2 An example of two-level ACK/NACK feedback

An example of multi-level ACK/NACK format is shown in Figure 3. When the UE needs to ACK/NACK multiple transmissions in the same ACK/NACK, it can use a different format that will be known at the Node-B because Node-B has the knowledge of the number of transmissions performed in the TTI and the time when it is expecting ACK/NACK for that TTI. When multi-level ACK/NACK is used, the UE may use a higher power in order to compensate for the lower repetition factor compared to the case of single-level ACK/NACK. Moreover, some kind of coding can also be used for multi-level ACK/NACK in order to reduce the required power. For example, the results presented in [3] showed that a 6-bit acknowledgement using 64-ary bi-orthogonal coding requires only about 2.5 dB higher Eslot/N0 compared to binary ACK/NACK signalling.
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Figure 3 Multi-level ACK/NACK format

2.2 Control signalling for multiple transmissions

When multiple HARQ transmissions are performed to the same UE in the same TTI, the UE ID, TFRI and HARQ control information is carried separately on the shared control channel. The maximum number of simultaneous transmissions to a UE in the same TTI is either limited by UE capability or by the number of shared control channels that it has knowledge about and is capable of decoding.  Control information pertaining to the different HARQ processes for the user is transmitted as shown in Figure 1. 

3 Conclusion

Taken together with the results of [1], this document shows that simultaneous transmissions to a UE per TTI can be readily accommodated within the proposed HSDPA signalling structure and does provide performance benefits. It is recommended that simultaneous transmissions to a UE within a TTI be allowed for HSDPA. If UE complexity is a concern, then this feature may be made optional by adding it as an attribute to the UE capability.
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Proposed Changes to TR 25.858:
5.1 Transport block concatenation and code block segmentation

The same transport block concatenation and code block segmentation as in Release-99 is used for HS-DSCH. However, Transport block concatenation is performed before CRC attachment since there is only one CRC per transport block set. The maximum code block size for turbo coding is 5114.

5.2 CRC Attachment

A CRC of size 24 bits is calculated and added per HS-DSCH per transport block set.  The CRC polynomial is defined in 3G TS 25.212.

7.2 Physical layer aspects of Hybrid ARQ

The following signalling is needed to support Hybrid ARQ. The details of signalling are described in Section 9.

Downlink Signaling
The HARQ information includes the Hybrid ARQ process identifier in the corresponding HS-DSCH TTI. The HARQ information also includes information about the redundancy version of the transmission in the corresponding HS-DSCH TTI.

Uplink Signaling

For communicating the HARQ acknowledgements, an n-bit ACK/NACK indication is used in the uplink. Where n is the number of HARQ transmissions in the corresponding TTI.
Downlink DPCH

If a downlink DPCH is present, it carries an HS-DSCH Indicator (HI), in addition to non-HS-DSCH-related physical-layer signalling and DCH transport channels. The HI consists of two information bits that indicate the Shared Control Channel that carries the HS-DSCH-related signalling for the corresponding UE. The HI is transmitted in every third slot. If no Shared Control Channel carries HS-DSCH-related signalling to the UE, the HI is not transmitted (DTX). As an example, if the HI is transmitted as one QPSK symbol, the possible signalling points are as in Figure 4.
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Figure 4 Example of coding of HI.  Pi indicates Shared Control Channel #i (i ({1, 2, 3, }). P4 indicates that the UE will decode all the shared control channels it has knowledge about. P0 indicates that no Shared Control Channel carries HS-DSCH-related signalling information to the UE.

8.2 Uplink 

The uplink signalling consists of the transmission of two separate information :

· A n-bit channel quality indicator. The reporting interval of the channel quality indicator to the Node B is T msec, where T is a UTRAN parameter. 

· An n-bit H-ARQ acknowledgement. Such an acknowledgement is transmitted on a per HS-DSCH TTI basis.

8.2.1 Detailed Structure

The channel quality indicator is coded and transmitted over two slots.  The acknowledgement bits are coded to 10 bits and transmitted in one slot.  The format for the additional DPCCH is shown in Figure 5.  It may be noted that the channel quality indicator field is DTX’ed when there is no channel-quality information being sent on the uplink.  Also, the transmission of the H-ARQ acknowledgement field is DTX’ed when there is no ACK/NACK information being sent on the uplink. 
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Figure 5.  Format for additional DPCCH for HS-DSCH related uplink signalling

For TDD, the structure is TBD.

Proposed Changes to 25.308:
5.3
Transport channel Attributes

The following is a list of HS-DSCH transport channel attributes:

1.
Transport block size - semi-static 

2.
Transport block set size - dynamic for 1st transmission. An identical transport block set size shall be applied for retransmission. There shall be no support for blind transport format detection.



3.
Transmission Time Interval (TTI). For FDD the HS-DSCH TTI is fixed and equal to 2ms. The HS-DSCH TTI for 3.84 Mcps TDD is under consideration. For 1.28 Mcps TDD a fixed 5ms TTI shall apply. 

4.
Coding parameters

-
Type of error protection: turbo code rate 1/3. 

5. Modulation - dynamic for first transmission and retransmission. There shall be mandatory support for QPSK and 16QAM. 

6. Redundancy version - dynamic 

7.

CRC size - fixed size of 24 bits. There is one CRC per TB set.

6.2.3
Details of MAC-hs

The MAC-hs is responsible for handling the data transmitted on the HS-DSCH. Furthermore it is its responsibility to manage the physical resources allocated to HSDPA. MAC-hs receives configuration parameters from the RRC layer via the MAC-Control SAP. There shall be priority handling per MAC-d PDU in the MAC-hs. The MAC-hs is comprised of four different functional entities:

-
Flow Control 
This is the companion flow control function to the flow control in the MAC-c/sh. Both entities together provide a controlled data flow between the MAC-c/sh and the MAC-hs taking the transmission capabilities of the air interface into account in a dynamic manner.

-
HARQ 
One HARQ entity handles the hybrid ARQ functionality for one user. One HARQ entity is capable of supporting multiple instances (process) of stop and wait HARQ protocols. There can be one or more HARQ processes per HS-DSCH per TTI.. Details of the HARQ functionality require further study.

-
Scheduling/Priority Handling


If allowed by UE capability, the scheduler can schedule multiple retransmissions originating from the HARQ layer or a new HARQ transmission and retransmission(s) to the UE within the same TTI.
· TFC selection 
Selection of an appropriate transport format combination for the data to be transmitted on HS-DSCH.
7.2.1
Scheduler

The scheduler performs the following functions:

-
Schedules all UEs within a cell

-
Services priority class queues

-
The scheduler receives MAC-hs SDUs based on information from the Iub frame protocol

-
Determines the HARQ Entity and the queues to be serviced

-
Scheduling of new transmissions and retransmissions

-
Based on the status reports from HARQ Processes the scheduler determines the new transmission and/or retransmission(s). A new transmission can be initiated also on a HARQ process at any time.
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ACK/NACK feedback for B1 and B2 is sent simultaneously.
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