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1. Introduction

This contribution contains text proposals on downlink and uplink HARQ for 25.814.
START OF FIRST TEXT PROPOSAL for 25.814

7.1.2.3

HARQ
Downlink hybrid ARQ (HARQ)  should be based on Incremental Redundancy. Note that Chase Combining is a special case of Incremental Redundancy and is thus implicitly supported as well.
The N-channel Stop-and-Wait protocol is used for downlink hybrid ARQ.

Hybrid ARQ can be classified as being synchronous or asynchronous:
· Synchronous hybrid ARQ implies that (re)transmissions for a certain hybrid ARQ process are restricted to occur at known time instants. No explicit signaling of the hybrid ARQ process number is required as the process number can be derived from, e.g., the subframe number. 
· Asynchronous HARQ implies that (re)transmissions for a certain hybrid ARQ process may occur at any time. Explicit signaling of the HARQ process number is therefore required.

In principle, synchronous operation with an arbitrary number of simultaneous active processes at a time instant could be envisioned. In this case, additional signaling may be required. Asynchronous operation already supports an arbitrary number of simultaneous active processes at a time instant. Furthermore, note that, in a synchronous scheme, the transmitter may choose not to utilize all possible retransmission instants, e.g., to support pre-emption. This may require additional signaling.
The various forms of hybrid ARQ schemes are further classified as adaptive or non-adaptive in terms of transmission attributes, e.g., the Resource Block (RB) allocation, Modulation and transport block size, and duration of the retransmission. Control channel requirements are described for each case.

· Adaptive implies the transmitter may change some or all of the transmission attributes used in each retransmission as compared to the initial transmissions (e.g. due to changes in the radio conditions). Hence, the associated control information needs to be transmitted with the retransmission. The changes considered are:

· Modulation   

· Resource Block  allocation
· Duration of transmission 

· Non-Adaptive implies that changes, if any, in the transmission attributes for the retransmissions, are known to both the transmitter and receiver at the time of the initial transmission. Hence, the associated control information need not be transmitted with the retransmission.
With those definitions, the HS-DSCH in WCDMA uses an adaptive, asynchronous hybrid ARQ scheme, while E-DCH in WCDMA uses a synchronous, non-adaptive hybrid ARQ scheme. 

The capability of adaptively being able to change the packet format (i.e., adaptive IR) and the transmission timing (i.e., asynchronous IR) yields an adaptive, asynchronous IR based HARQ operation. Such a scheme has the potential of optimally allocating the retransmission resources in a time varying channel. For each HARQ retransmission, control information about the packet format needs to be transmitted together with the data sub-packet.

Synchronous HARQ transmission entails operating the system on the basis of a predefined sequence of retransmission packet format and timing. 

The benefits of synchronous HARQ operation when compared to asynchronous HARQ operation are: 

· Reduction of control signalling overhead from not signalling the HARQ channel process number.  
· Lower operational complexity if non-adaptive operation is chosen
· Possibility to soft combine control signalling information across retransmissions for enhanced decoding performance if non-adaptive operation is chosen 
Depending on the actual L1/L2 requirements, asynchronous HARQ may best address the issues of:
· Scheduling flexibility if fully adaptive operation is selected and if both localized and distributed allocations are selected.

· Support for multiple simultaneous (in the same (set of) subframe(s)) independent hybrid ARQ processes 
· Flexibility in scheduling of retransmissions
The desirability of particular L1/L2 features will determine the degree of adaptive operation.

START of SECOND TEXT PROPOSAL--------------------------------------

9.1.2.5
HARQ
Uplink hybrid ARQ (HARQ) should be based on Incremental Redundancy. Note that Chase Combining is a special case of Incremental Redundancy and is thus implicitly supported as well.
The N-channel Stop-and-Wait protocol is used for uplink hybrid ARQ.

Hybrid ARQ can be classified as being synchronous or asynchronous:

· Synchronous hybrid ARQ implies that (re)transmissions for a certain hybrid ARQ process are restricted to occur at known time instants. No explicit signaling of the hybrid ARQ process number is required as the process number can be derived from, e.g., the subframe number. 

· Asynchronous HARQ implies that (re)transmission for a certain hybrid ARQ process may occur at any time. Explicit signaling of the HARQ process number is therefore required.

In principle, synchronous operation with an arbitrary number of simultaneous active processes at a time instant could be envisioned. In this case, additional signaling may be required. Asynchronous operation already supports an arbitrary number of simultaneous active processes at a time instant. Furthermore, note that, in a synchronous scheme, the transmitter may choose not to utilize all possible retransmission instants, e.g., to support pre-emption. This may require additional signaling.
The various forms of hybrid ARQ schemes are further classified as adaptive or non-adaptive in terms of transmission attributes, e.g., the Resource Block (RB) allocation, Modulation and transport block size, and duration of the retransmission. Control channel requirements are described for each case.

· Adaptive implies the transmitter may change some or all of the transmission attributes used in each retransmission as compared to the initial transmissions (e.g. due to changes in the radio conditions). Hence, the associated control information needs to be transmitted with the retransmission. The changes considered are:

· Modulation   

· Resource Block  allocation

· Duration of transmission 

· Non-Adaptive implies that changes, if any, in the transmission attributes for the retransmissions, are known to both the transmitter and receiver at the time of the initial transmission. Hence, the associated control information need not be transmitted with the retransmission.

With those definitions, the HS-DSCH in WCDMA uses an adaptive, asynchronous hybrid ARQ scheme, while E-DCH in WCDMA uses a synchronous, non-adaptive hybrid ARQ scheme. 

The capability of adaptively being able to change the packet format (i.e., adaptive IR) and the transmission timing (i.e., asynchronous IR) yields an adaptive, asynchronous IR based HARQ operation. Such a scheme has the potential of optimally allocating the retransmission resources in a time varying channel. For each HARQ retransmission, control information about the packet format needs to be transmitted together with the data sub-packet.

Synchronous HARQ transmission entails operating the system on the basis of a predefined sequence of retransmission packet format and timing. 

The benefits of synchronous HARQ operation when compared to asynchronous HARQ operation are: 

· Reduction of control signalling overhead from not signalling HARQ channel process number
· Lower operational complexity if non-adaptive operation is chosen
· Possibility to soft combine control signalling information across retransmissions for enhanced decoding performance if non-adaptive operation is chosen.
Therefore, for the purpose of the feasibility study, synchronous HARQ operation is assumed for the SC-FDMA based E-UTRA uplink. The impact of ACK/NAK signalling errors on synchronous HARQ operation needs further study.

Adaptive asynchronous HARQ is for further study.

 Depending on the actual L1/L2 requirements, asynchronous HARQ may best address the issues of:
· Scheduling flexibility if fully adaptive operation is selected and if both localized and distributed allocations are selected.
· Support for multiple simultaneous (in the same (set of) subframe(s)) independent hybrid ARQ processes 
· Flexibility in scheduling of retransmissions
The desirability of particular L1/L2 features will determine the degree of adaptive operation.

