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1. Introduction

In this paper, we consider alternative hybrid ARQ (HARQ) processing chain architectures.  To deliver the high data rate services offered by LTE, it is preferable to minimize processing delays and to parallelize as many operations as possible.  The following design principles are recommended.

· Rate matching is applied to individual code segments separately.

· Each code segment is carried by as few OFDM/SC-FDMA symbols as possible while allowing most, if not all, frequency diversity be captured.

· The scope of the DL channel interleaving is limited to one OFDM symbol.  

2. HARQ Processing Chains

Conceptual illustrations of two alternative HARQ processing chains are provided in Figure 1.  The two HARQ processing chains differ mainly in whether the turbo coded segments are processed jointly or separately.  
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(a) Architecture I




(b) Architecture II

Figure 1: Two conceptual architectures of HARQ processing chains.
In Architecture I, which is similar to that used in HSDPA, the code segments are concatenated and treated by the subsequent HARQ processing chain as a single unit.  If the scopes of the rate matching, bit collection and channel interleaving agents are not properly limited, large processing delays as well as bottlenecks can potentially result.  

To deliver the high data rate services offered in LTE, a conceptual model that emphasizes opportunities for parallel and pipelined processing can be beneficial to the development of various components in the HARQ processing chain.  One such proposal is illustrated Figure 1 (b), which is aimed to convey the following three recommended design principles.

· Applying rate matching on individual code segments separately

Limiting rate-matching to individual code segment allows pipelining the de-rate-matching and decoding operations at the receiver.  That is, a code segment can be decoded while another is being de-rate-matched.  A number of rate matching algorithms have been proposed for LTE.

· Bit collection that minimizes delays while maintaining beneficial channel diversity

The physical resource in an LTE subframe spans across time and frequency, both of which offer potential diversity benefits to channel coding.  The design of the physical resource bit collection schemes thus requires careful balance and tradeoff between processing delays and channel diversity.  Due to the short subframe time, it seems most beneficial for a code segment to capture frequency diversity across all allocated radio resources but possibly less imperative to capture time diversity.  

Hence, for the DL or an UL without frequency hopping, a code segment should be carried by as few as OFDM or SC-FDMA symbols as possible.  This allows the receiver to start decoding as early as possible while retaining frequency diversity benefits.  One straightforward solution is to collect bits from one code segment at a time.  For an UL with frequency hopping, each code segment should be transmitted across both slots.  One solution is to divide each code segments in half (say the even and odd indexed bits) and to collect each half segment into as few SC-FDMA symbols in each slot as possible.

· Simplified channel interleaving over one OFDM symbol

Once all coded bits are collected (from possibly more than one code segments) for a DL OFDM symbol, channel interleaving is applied to randomize the frequency selectivity.  If the channel re-interleaving proposal for retransmissions is employed [2], more than one channel interleaving patterns would be needed.  Note that constellation re-arrangement for retransmission can be treated as a form of channel re-interleaving.

For the SC-FDMA UL, channel dispersion is handled through equalization.  There does not seem any particular need for elaborate channel interleaving other than to spread the implicit unequal reliability patterns induced by higher order modulations such as the 16QAM and to capture any diversity from frequency hopping.

3. Conclusion

Design principles for HARQ processing chains are discussed.  Some ideas are identified to minimize processing delays and to allow as much parallelization and pipelining of operations as possible.  These includes applying rate matching to code segments separately, carrying each code segment with as few OFMD/SC-FDMA as possible, and per-OFDM symbol based channel interleaving.
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