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Introduction

In RAN1 the following working assumptions were agreed so far [1]:
-
Incremental Redundancy for DL

-
N-channel Stop-and-Wait protocol.
-
Retransmission timing: 

Synchronous vs. asynchronous modes in terms of retransmission timing could be envisaged; the later one offering higher flexibility on the cost of higher signalling load.

-
Adaptation to varying radio channel conditions: 

Operation could be either in adaptive or non-adaptive modes in terms of transmission attributes for the re-transmissions (e.g. Modulation,
Resource Block  allocation,
Duration of transmission). The later one offering less signalling load on the cost of less adaptation to the varying radio channel.

-
HARQ schemes considering all combinations of both modes are possible.
Examples are available in UTRAN:


HSDPA: asynchronous – adaptive scheme


HSUPA: synchronous – non adaptive scheme

Discussion

HARQ schemes are discussed below considering RAN1 and RAN2 aspects.
The benefits/drawbacks and also some optimisation/mitigation options of synchronous HARQ operation when compared to asynchronous HARQ operation are considered to be: 
Benefits
-
Reduction of control signalling overhead from not signalling the HARQ channel process number.
-
Reduction of error probability on control signalling and as a result in process buffer handling.
-
Simplified scheduling control/signalling in case of UL
Drawbacks
-
Less flexible in terms or QoS control/priority handling; there is more impact on UL if a eNB based scheduling scheme is chosen as e.g. is used for E-DCH in UTRAN 
Better flexibility could be gained:

-
by pre-emption on the cost of possible lost packets or increased ARQ retransmissions or re-segmentation
-
by allowing QoS flow multiplexing (as for HSUPA) resulting in a higher complexity for proper transmit block size selection and possibly suboptimum selection of QoS parameters (Power, number of retransmissions)
-
by introducing of differentiation of scheduled vs. non scheduled traffic and process reservation for either type (e.g. as for HSUPA)
-
Less flexible in terms of measurement gap impact mitigation.
The benefits/drawbacks and also some optimisation/mitigation options of asynchronous HARQ operation when compared to synchronous HARQ operation are considered to be: 
Benefits
-
High scheduling flexibility resulting from free selection of transmit time instant of retransmission


Can be increased, if fully adaptive operation is selected and if both localized and distributed allocations are selected.


-
Can best be exploited if tight reporting about radio conditions and buffer status is available as given for the DL.

-
Can best be exploited if there is most recent reporting available across all UEs in the cell as is given for the DL.


-
Can best be exploited from tight scheduler control as given for the DL. 

-
Highly flexible in dealing with measurement gaps as gaps can be efficiently considered by the scheduler.
Drawbacks
-
High control signalling overhead – depending on payload size.

Can be mitigated by using larger transport block sizes (e.g. by aggregation of a number of voice packets) possibly using larger TTIs which would result in less resource signalling but also less ACK/NACK signalling.
-
Higher probability of signalling errors resulting in mixing up and subsequently destroying HARQ process data. 

Can be mitigated by higher signalling reliability, achieved e.g. by higher coding effort or transmit power considerations.

Conclusion

· From our point of view we have strong preferences to having at least the high scheduling flexibility for DL as for HSDPA and therefore we propose to have an asynchronous adaptive HARQ scheme for DL. 

· Usage of variable TTI sizes shall not be precluded e.g. to provide possibility of signalling overhead optimization.
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