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1. Introduction
A number of rate matching algorithms were proposed for LTE [3][4][5]. The baseline Rel-5 RM [2], the Rel-5+Dithering [3] and the circular buffer (CB) [5] proposals were comprehensively evaluated in [6], according to the simulation methodology agreed in [1].

2. Summary of the Simulation Results

It was found in [6] that:
· The Rel-5+Dithering algorithm [3] provided the superior performance.

· The baseline Rel-5 algorithm [2] was the close 2nd.

· The CB algorithm [5] was the close 3rd.
All simulated algorithms were found to exhibit some irregularities or performance penalties for certain coding rates or QPP interleaver sizes, as exemplified in the following graphs (see [6] for more detailed results and observations). The CB proposal exhibited performance penalties in the coding rate range of 0.5-0.7. On the other hand, for Rel-5 and Rel-5+Dithering undesired Eb/N0 irregularities were found for coding rates of 0.8 and 0.9 and low BLER targets (1% or less). At cr = 0.8, the CB was succesful at removing such irregularities, but its performance degraded severely at the coding rate of 0.9.
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Figure 1 Example rate matching simulation results.
3. Further Considerations
· Rel-5 and Rel5+Dithering algorithms exhibit Eb/N0 peaks for the combination of low BLER target and high coding for certain QPP I/L sizes. However, such conditions are of little practical significance in our view. Nevertheless, there are ways of avoiding such peaks:

· Rel-5+Dithering could be further enhanced to address such irregularities by judicially pucturing a portion of the systematic bits, as described in [4] or [9].

· Scheduling the next larger QPP I/L size, and slightly modifying the coding rate to match the allocated physical resource.
· The widespread availability of UTRAN rate matching implementations guarantees minimum development effort if only a small modification of the Rel-5 algorithm is adopted for LTE.
· The apparent lack of parallelization opportunities was claimed to disadvantage Rel-5 rate matching [8]. As a matter of fact, Rel-5 and Rel-5+Dithering can be easily parallelized, as explained in [7].
· CB is often claimed to be advantageous for HARQ. It is claimed that the content of retransmissions can be orthogonal to the previously transmitted content and all systematic and parity bits can be transmitted before any repetition, without RV signalling. However, it must be realized that in practice this idealized circular property cannot be realized due to asynchronous HARQ or varying resource allocations for HARQ retransmissions. Therefore, a ‘signalled RV’ HARQ protocol is needed also for CB, and hence all RM proposals are equivalent in this respect. This topic is further elaborated in the Annex below.
4. Proposal

In the light of the simulation results and the above considerations, there is little incentive for adopting a totally new rate matching algorithm for LTE. Instead, we propose an adoption of the Rel-5+Dithering algorithm [3], which offers an incremental performance gain over Rel-5 baseline with an acceptably low complexity.
Annex: HARQ Aspects of the CB Proposal

In this section we briefly discuss the HARQ aspects associated with the CB proposal.

First, a short outline of the general principle behind the circular buffer approach is presented based on the simple illustration shown in Figure 2, where a transport block is channel coded (omitting important details such as CRC, tail bits etc.) to provide three times the amount of bits. Now, the circular buffer approach aims at taking the most important bits for the first transmission (as shown in the figure), and if the reception fails, a second transmission is requested. For optimum operation of the circular buffer approach, the 2nd transmission should take the coded bits that have not yet been transmitted (also illustrated in the figure). And finally for the 3rd transmission, the remaining non-transmitted bits are sent, and if excess capacity exists on the physical channel, additional systematic bits are transmitted (hence the circular buffer terminology). This approach has the advantage that as retransmissions are performed, the effective puncturing is gradually reduced, such that after a given number of retransmissions, all the systematic and parity bits have been transferred for optimum decoder performance.

However, Figure 2 shows a situation where the amount of physical resources is the same for each transmission attempt. With the need for frequency domain multiuser packet scheduling in LTE we will probably have a situation where HARQ retransmissions may not have access to the same amount of physical resources. This situation is shown in Figure 3, where the amount of physical resources for the 2nd transmission is reduced, thus providing fewer parity bits for this H-ARQ retransmission. Now, the problem arises when the 2nd transmission is lost in the receiver and the 3rd transmission is to take place. Here we have two possibilities:

· Continue transmission assuming that the physical resources are the same for each retransmission. This will cause ‘holes’ in the received bit sequence (case A in the figure), breaking the ‘circular’ property and penalizing HARQ performance (compared to the idealized CB).
· Alternatively, we could provide sufficient information on the starting point of the retransmitted data. This would on the other hand require a high number of control channel bits for indicating this value (case B in the figure).

Thus, in the presence of unequal resource allocation for retransmissions or an asynchronous HARQ protocol, the ‘signalled RB’ approach is required (either explicit or implicit), as is the case for Rel-5 RM. While redundancy versions can be defined for CB rate matching, it must be stressed that this comes at the cost of shedding the ‘circularity’ property, making CB and Rel-5 (or Rel-5+Dithering) proposals equivalent from the HARQ point of view.
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Figure 2 Illustration of the CB principle combined with H-ARQ using constant size resource allocation for H-ARQ retransmissions.
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Figure 3 Illustration of the CB principle combined with H-ARQ using variable size resource allocation for H-ARQ retransmissions.
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