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Incremental Redundancy 
with the Flexible Layer One

1. Introduction

An earlier contribution has shown how simple it is to modify the rate matching algorithm to support incremental redundancy with FLO [1]. The purpose of this contribution is twofold: first to present link level results when incremental redundancy is used and second to provide details on how it works and the impacts it has on the radio protocol stack.

2. IR vs. Chase Combining

For acknowledged radio bearers an alternative to IR is Chase Combining. The advantage of Chase combining is that for decoding there is no need to signal the value of R through the TFCI. But Chase combining is expected to perform poorer than IR.

In order to assess the performance difference, simulations were run in TU3 with ideal frequency hopping over 20,000 frames. Typical MS impairments were included. Both GMSK and 8PSK FR channels were simulated. Interleaving was block rectangular over 4 bursts. Retransmissions were sent without delay: as soon as the decoding of a transport block fails (told by CRC decoding), a retransmission is immediately sent. Since ideal frequency hopping was used, this simplification does not affect the average throughput (only end-to-end delays). RLC/MAC headers were not transmitted and the knowledge of the BSN for soft combining of the received blocks was ideal.

On GMSK channel 400 bits transport blocks (20kbit/s) were transmitted, and on 8PSK channel 1,200 bits transport blocks (60kbit/s) were transmitted. For reference the performance without retransmissions is also given. Link level results are shown on Figure 1 and Figure 2 below where Rmean is the average number of retransmissions required for successful decoding of the transport blocks. 

As expected, IR clearly performs better than Chase Combining. It has higher throughput and requires less retransmissions. For instance at 4dB of C/Ico on GMSK FR channels, IR offers 49% more throughput than Chase combining and requires 46% less retransmissions. At 10dB of C/Ico on 8PSK FR channels, IR offers 63% more throughput than Chase combining and requires 53% less retransmissions. IR also clearly outperforms the case where no retransmissions are allowed.
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Figure 1. IR Performance at 20kbit/s on GMSK FR Channel in TU3iFH
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Figure 2. IR Performance at 60kbit/s on 8PSK FR Channel in TU3iFH

3. IR Mechanism

For the support of IR it was proposed to introduce an additional input to the rate matching algorithm in order to allow for generating different puncturing patterns: R [1]. 

On the transmit side R is controlled by the RLC protocol and its value is notified to the physical layer for operating IR. The value of R shall follow the rules below:

· in unacknowledged and transparent RLC modes, R has a fixed value of 0 i.e. IR is not used.

· in acknowledged RLC mode in case IR is used, the value of R shall be incremented by 1 after every (re)transmission of the same data block. The parameter R can be seen as a counter of the number of retransmissions of the same transport block. R equals 0 at initial transmission, 1 at the first retransmission, … n at the nth retransmission. The physical layer then uses that parameter R to generate different puncturing patterns.

Similarly as in EGPRS, two different transport channels are required: one for the RLC/MAC header and another one for the payload. IR is only used with the payload and information carried by the RLC/MAC header is required for decoding (hence the strong protection of the header). 

From layer 3 point of view, R can be seen as a dynamic attribute of the transport format. For the same transport block size, only three transport formats need to be configured for each transport channel having IR enabled [2]. 

On the receive side the TFCI tells the receiver which transport format (and value of R) to use for decoding. The value of R has to be known in the receiver to perform de-rate matching. After de-rate matching, the receiver needs to know which block was sent or resent. This information is carried by the RLC/MAC header in the BSN (block sequence number). Once it knows the BSN, the physical layer can perform soft combining if required:

· if the block was sent previously (block #BSN in memory) then perform soft combining and try to decode the block:

· if decoding successful notifies upper layers (block #BSN acknowledged)

· otherwise store the new soft values for the block #BSN and notifies upper layer (block #BSN unacknowledged)

· if the block was not sent previously (block #BSN not in memory) then try to decode the block:

· if decoding successful notifies upper layers (block #BSN acknowledged)

· otherwise store the soft values for the new block #BSN and notifies upper layer (block #BSN unacknowledged)

4. Impact on the radio protocol stack

4.1 Layer 3

At Layer 3 the support of IR only requires the addition of one new dynamic attribute in the transport format: R. Three transport formats are configured for each transport channel having IR enabled [2].

4.2 Layer 2

Layer 2 only has to manage R on the transmit side.

4.3 Layer 1

The rate matching algorithm needs a minor modification to take R into account. Additionally, similarly as in EGPRS the Layer 1 has to be able to relate the RLC/MAC header transport channel to the payload transport channel and also has to be able to decode the BSN. Finally the Layer 1 has to memorize the unsuccessfully decoded received blocks for soft combining.

5. Conclusion

This contribution has shown how well IR performs and given details related to its implementation. In terms of complexity, the only major addition IR requires for FLO is that the BSN of the RLC/MAC header must be decoded as in EGPRS.
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