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1 Introduction

An asynchronous and adaptive IR (A2IR) scheme for HSDPA was proposed in [1]. This document discusses the key features on the choice of asynchronous downlink and synchronous uplink of the A2IR, an Async/sync N-channel HARQ protocol. A separate contribution will address the provisioning of in-sequence delivery to the RLC layer with Async/sync HARQ scheme [2].

2 Asynchronous DL and Synchronous UL

2.1 Asynchronous DL operation

An synchronous N-channel Stop-&-Wait HARQ does not provide the flexibility of a full asynchronous operation, in particular the retransmissions are restricted to occur at fixed times. Even in schemes which are considered "partially asynchronous" the retransmissions occur only at integer multiples of N intervals for a given channel, where N is the number of channels in the HARQ machine.  This restriction on retransmissions will interact badly with the scheduler, limiting the scheduling flexibility and hence not exploiting the achievable multi-user diversity gains. The restriction on retransmission timing can be removed by explicit indication of the N-channel identifier through an indicator, (SI), which consists of log2(N) bits for an N-channel HARQ machine.

An example of an asynchronous operation is depicted in Figure 1. Note that the retransmission to user A can now be performed in any TTI after reception of the NACK from the receiver, illustrated here in the 6th TTI when the NACK is received in the 4th TTI. While in case of “partial asynchronous” operation, the retransmission to user A has to be delayed until the NxI TTI (where I is an integer ≥ 1). In this case N=4 so retransmission is restricted to the 13th TTI. In addition it is also illustrated that with fully asynchronous operation, a large amount of data can be sent to a user when the channel conditions are favorable (Figure 1), thus fully exploiting the multi-user diversity gains. 
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Figure 1. An example of Asynchronous DL operation 

2.2 Synchronous UL operation

The async/sync scheme uses a synchronous uplink that assumes a fixed round trip time between the transmission of the downlink and the reception of the corresponding acknowledgment information on the uplink, in order to associate ACK/NACK with the code block transmission. Therefore no identification of the received code block is required in the uplink, ACK/NACK in the synchronous uplink requires a single bit indication.

3 N-channel operation

The use of a SAW parallel channel identifier (SI) allows for parallel multiple transmissions from the same user. Note that the 2-bit SI field is used to identify the N channels at the physical layer. With a 2-bit SI, up to 4 HARQ channels can be transmitted in parallel as shown in 2. Note that the SIs can be reused as soon as they become available. In Figure 2, code block A2 (with SI=2) is ACK’ed after only one sub-block (A21 in slot 2) transmission. The same SI is used for another code block transmission in slot 6.

The parallel transmissions of code blocks allow for exploiting of multi-user diversity because a large amount of data can be sent to a user when the channel conditions are good.  


[image: image2.wmf] 

13

 

A41

 

A12

 

A21

 

A32

 

A11

 

A22

 

A11

 

A43

 

A41

 

A23

 

A34

 

A12

 

A13

 

NACK

 

A21

 

A31

 

A33

 

A42

 

ACK

 

Code block with

 

SI=2 is 

 

ACK’ed

 

Code block w

ith

 

SI=1 is 

 

ACK’ed

 

Code block with

 

SI=4 is 

 

ACK’ed

 

1

 

2

 

3

 

4

 

5

 

6

 

7

 

8

 

9

 

10

 

11

 

12

 

14

 

15

 

16

 

17

 

Xij 

–

 X user, 

 

i SI, j SBI

 


Figure 2: An Async/Sync HARQ operation with multiple channels.

When Sub-block identifiers (SBI) (or NEW/CONTINUE Flag) are used in conjunction with code block identifiers, the identifier ambiguity problem can be solved. For example, when code block with SI of 2 is ACK’ed in slot 5, it is possible that a ACK was misinterpreted as an NACK. Then the receiver will be waiting for sub-block A22 but on receiving sub-block A21, it will know (through sub-block start identifier) that this is a new sub-block on channel 2 (SI of 2) and will not try to combine it with previously received A21.

4 Robustness Against ACK/NACK Errors
This section describes how ACK to NACK/NACK to ACK misinterpretations by the transmitter are resolved at the UE through the use of the NEW/CONTINUE. The control fields needed for A2IR operation are shown in Table 1. For a N-channel HARQ operation, log2(N) bits are needed to identify the stop-and-wait channel being used for transmission. 

Table 1: Control fields for HARQ

Control Field
Number of bits

SAW N-channel Identifier (SI)
log2(N) 

Sub-Block Identifier (SBI or New/Continue flag)
2 

For HARQ operation, a NEW/CONTINUE flag can be used to indicate whether a transmitted sub-block is the beginning of a new code block or the continuation (repetition or redundant information) for a previous code sub-block. This helps the receiver to determine code block boundaries in case an ACK/NACK is misinterpreted. 

The NEW code block indication also helps the receiver IR engine get in synchronisation with the transmitter if a NEW/CONTINUE flag error occurs. Under error conditions, a receiver may miss a transmission or detect a NEW/CONTINUE flag in error. In either case, the receiver will try to decode the code block by combining wrong (or out-of-order) encoded sub-blocks thus making it difficult or impossible to recover the correct code block. Recovery occurs on the receipt of the next NEW code block indication, when the receiver will discard any previously stored coded sub-blocks and will start to decode the new coded sub-block.
4.1 Receiver Operation

Figure 3 shows the receiver operation for the HARQ operation. A brief description of the flow chart follows. When the receiver is waiting for a NEW encoded sub-block and receives a NEW encoded sub-block, it attempts to decode it. If the decoding is successful it transmits an ACK and then waits for the next NEW encoded sub-block. If the decoding is unsuccessful, it transmits a NACK, stores the received encoded sub-block for subsequent combining with redundant information, and waits to receive a CONTINUE encoded sub-block. If the receiver receives a CONTINUE encoded sub-block while waiting for one, it attempts decoding by combining the received encoded sub-block with the stored information. If the decoding is successful, it transmits an ACK and waits for the next NEW encoded sub-block, while if decoding is unsuccessful, it transmits a NACK and then waits for the next CONTINUE encoded sub-block.

For the case, when a receiver receives a NEW encoded sub-block while waiting for a CONTINUE, the receiver abandons recovery of the previous code block and moves on to attempt to decode the code block corresponding to the new received encoded sub-block.

When a receiver receives a CONTINUE encoded sub-block while waiting for a NEW, the receiver just discards the received encoded sub-block and continues to wait for a NEW encoded sub-block.
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Figure 3: Receiver operation for Asynchronous DL and Synchronous UL A2IR HARQ

5 Concluding Remarks

The detailed description of the operation of an N-channel asynchronous/synchronous HARQ scheme is provided. The key features and benefits of an asynchronous/synchronous HARQ protocol are summarised below:

· The asynchronous downlink scheme provides the full asynchronous operation (and scheduling flexibility) in order to fully exploit the multi-user diversity gains.

· A synchronous uplink is used to reduce uplink signaling.

· Robustness against ACK/NACK misinterpretation by the transmitter using New/Continue flag. 
· The use of New/Continue flag allows the UE to determine the code block boundaries e.g. whether the received code block is a new transmission or retransmission.

· Re-synchronisation of the receiver with the transmitter using the New/Continue flag. When the UE missed a transmission due to error in downlink signalling for example, a reception of the next New flag tells the UE to discard the previously stored code blocks and start to decode the new code block. 
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