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1. Introduction

HARQ-ARQ interactions have been discussed in various contributions, e.g. [1-13]. This contribution provides some simulation results to quantify and highlight various issues for the HARQ -ARQ interactions. 

2. Discussion

2.1 Characteristics of HARQ-ARQ Interactions

All contributions [1-13] broadly agree that due to the co-location of the HARQ and ARQ functions, HARQ/ARQ performance and efficiency can be improved, whilst complexity reduced. Many of the contributions have proposed detailed schemes for the operation of the ARQ and HARQ schemes, relying on error detection in the HARQ function to trigger ARQ level retransmission.  This error detection can either be through the use of NDI/sequence numbers or be by means of timers started for each expected PDU, or the combination of both NDI/sequence numbers and timers. 

2.1.1 Summary of discussions
The following proposals have so far been made:

· (Some or all) HARQ errors can be used to trigger ARQ retransmissions

· HARQ with NDI can allow HARQ residual error detection

· RLC (ARQ) can perform HARQ residual error recovery

· DTX->ACK error detection may require RLC status reports 

· Handling of last or isolated PDUs may require special attention

· Timers can be used to check reliability of HARQ ACKs

· Polling schemes can be used for last or isolated packets

· Max retransmissions detection may be required

· Either HARQ level NACK->ACK detection or RLC out of sequence loss detection can be used

· Bit correlation can be used to detect if two transmissions belong to the same data packet or not

· A simpler RLC is preferred, “perfect” reliability is not required for all cases

· Timers for ARQ operation may replace STATUS reports

· HARQ error indication can be sent in a MAC C-PDU 

Some of these may be used in combination. 

2.1.2 Potential gains from HARQ-ARQ Interactions

The main benefits already identified for a unified design for HARQ-ARQ are:

· Reduction in RLC ACK status reporting

· Early detection and correction of HARQ residual errors

· Simplified MAC layer if in-sequence delivery is not required by RLC layer

Some design principles:

· HARQ alone cannot provide lossless transmission because it is too costly to reduce residual HARQ error rate to zero.

· Even RLC does not need to provide perfect reliability in all cases, thus the complexity of the current Rel-6 RLC may not be required.

3. Simulation Results

A simulation has been performed to look at the segmentation and transmission of an RLC SDU. We assume that each RLC SDU is segmented into multiple fixed-size RLC PDUs. MAC PDUs are then constructed by concatenating multiple RLC PDUs. Multiple HARQ processes are used to transmit the MAC PDUs. This is illustrated in Figure 1. 
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Figure 1 RLC SDU segmentation

The simulation is performed with 4 HARQ processes and a maximum of 3 re-transmissions where the assumed error rate for each transmission is 10%. This would typically give a 10% decrease in throughput due to the retransmissions required for the MAC PDUs that are not successfully received in the first transmission.  A maximum throughput of 10Mbps is assumed with a continuous data source.

In the simulations a perfect RLC recovery scheme is assumed where the RLC frame is repeated until completely successfully received.

Figure 2 shows the effect of ACK to NACK errors on throughput for varying MAC segmentation size. The effect of the ACK to NACK error is that unnecessary HARQ retransmissions will occur; this results in a relatively low level of throughput degradation even for a 1% ACK to NACK error rate. This result is broadly similar with the results shown in [11].
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Figure 2 Effect of ACK to NACK errors

Figure 3 shows the affect of NACK to ACK errors for varying the number of RLC segments in a MAC PDU. In this case the greater the number of segments per RLC SDU, the greater the effect of an unrecoverable loss will be. For every NACK to ACK error the whole frame will have to be repeated by the use of an RLC status poll. 
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Figure 3 NACK to ACK errors

Figure 4 shows the same conditions as Figure 3, but with NACK to ACK error detection and recovery implemented. Comparing with Figure 3 shows that there is a benefit in being able to detect HARQ NACK to ACK errors and avoid the unnecessary RLC re-transmissions in terms of increased throughput.  This detection can be performed by looking for unexpectedly toggled NDI bits or by looking for sequence number errors. When sequence numbers are used timers may also be required to cope with out of sequence delivery of the MAC PDUs.  
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Figure 4 Effect of NACK to ACK errors, with error recovery

For last or isolated PDUs the NDI bit or sequence number approach for NACK to ACK error detection may not work. These errors if significant, could be corrected by either sending dummy bit(s) after the PDUs or by using a PDU timer mechanism where for a particular type of data flow a timer is associated with every PDU, to ensure that successful delivery occurs.
4. Conclusions

We have shown how the size of MAC PDU segmentation will affect the design of the required reliability of the NACK to ACK error rate. 

HARQ NACK to ACK errors can cause considerable throughput reductions, which can be substantially alleviated by the use of HARQ error recovery techniques.

Sending a dummy PDU may be required for last or isolated PDUs.
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