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1 Introduction
The 3GPP TSG RAN WG1 had intensive discussions on the contention-free (CF) property if we can use the Rel6 Turbo interleaver for the LTE system. Contention-free I/L is discussed in the context to support practical implementation of contention-free memory access for the extrinsic information between two constituent decoders.

Samsung and Nortel’s joint contribution [1] and Panasonic’s contribution [2] are submitted in the meeting #47 and provided how to achieve contention-free implementation with the Rel6 Turbo interleaver.  
This contribution addresses major discussions that happened so far about the Turbo interleaver candidates and tries to summarize our views. Especially in section 3, the e-mail discussions are categorized into five FAQ items. 
We also hope that this contribution will help further discussion.
2 Definition of Contention-Free, CFB and I3P
2.1 Definition of CFB I/L
Contention-Free Block(CFB) I/L is a contention-free block interleaver which is composed of intra-row permutation and inter-row permutation. Each row or each group of rows in an interleaver is composed of different buffers.
In a CFB, the number of parallelism shall not be larger than the number of rows.

2.2 Definition of I3P I/L
Identical Intra- and Inter-Permutation (I3P) I/L is a contention-free interleaver which is composed of identical intra-permutation and inter-permutation. To meet the contention-free property, each window is composed of different buffers.
In an I3P, the number of parallelism shall be restricted by the factors of code block size.
2.3 Definition of CF

Wide-sense Definition A CF  I/L meets the following CF condition by itself in a wide-sense definition.

· In natural order:        
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· In interleaved order: 
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If  more constraint is applied on the definition of CF as 
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 and M is the number of parallelism, then we can have the following strict-sense definition on the contention-free.[3]

Strict-sense Definition The exchange and processing of a sequence of 
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Implementation-sense Definition) Also, just by introducing additional memory banks without change of total memory size, the following equation achieves more flexible contention-free property in terms of number of parallel processors.[4]
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is the memory size of a bank.

3 FAQ
3.1 Questions
Q1. Is Rel6 Turbo interleaver a contention-free I/L or not?

Q2. Why does the Rel6 Turbo interleaver need unequal window size and waiting circuit in spite of contention-free I/L?

Q3. Does Rel6 Turbo interleaver cause critical problem due to out-of-sync problem?

Q4. Does a new I/L promise a complexity gain?

Q5. Does the maximum parallelism of 20 in Rel6 Turbo interleaver limit the maximum service throughput in LTE?

3.2 Answers

A1. The Rel6 Turbo interleaver is a variant of CFB I/L. CFB I/L guarantees CF as shown in Figure 1 even in a strict-sense definition. Figure 1 clearly shows the strict-sense contention-free property with the Rel6 Turbo interleaver whose size of 20x13. 
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Figure 1. Contention-free property illustration in the Rel6 Turbo interleaver. (Different color means different memory bank)
A2. First of all, unequal window size itself has nothing to do with strict-sense contention-free property. Even in [3], the equal window size is especially noted as maximum contention-free. However, the unequal window size is introduced to give more flexible parallelism to the contention-free I/L such as either CFB or I3P. In many practical cases,  a parallel number M which does not divide the code block size, unequal window size is inherent the flexible parallelism.
Second, waiting cycle is introduced due to the pruning region in the Rel6 Turbo interleaver and the waiting cycle is not a direct result of the contention-free property of the Rel6 Turbo interleaver. Alternatively, we can use zero-padding with puncturing technique whose operation does not require stop and waiting. However, this alternative method requires more complexity since erasure should be inserted in the punctured position before decoding processes.

A3. There are several ways to cope with the out-of-sync condition. For example, we can insert dummy data to the pruning location then the circuit does not make out-of-sync as its mother I/L does. Similar technique is already applied as erasures in the zero-padding technique. Alternatively, the small buffer can regulate some unregulated data output. Similar principle is already familiar to us through a CD player which has shock-protection circuit with small buffer. The shock-protection circuit generates regulated data output whereas the input data might be irregular due to external shock. We can optimize this buffer size since the unregulated data is actually known to us in our application, and its impact on the chipset is almost negligible.
Consequently, the out-of-sync is not a special problem of the Rel6 Turbo interleaver.

A4. If we characterize the CFB I/L and the I3P I/L, we can define them as a globally optimized solution and a locally optimized solution. For a CFB I/L, its parallelism is supported from 2 to the number of its row with a unitized solution, hence it can be called a globally optimized solution. Whereas, I3P I/L supports the restricted number of parallelism by its own algorithm and supports optimized memory management method, but I3P I/L needs additional memory mapping algorithm to expand its parallelism and also loses its optimized memory management method in the expanded parallelism region. Hence, I3P I/L can be called a locally optimized solution. As a result, it is very hard to compare the complexities of these two interleavers directly because each of them optimizes the complexity in different region of parallelism. We don’t see the new interleavers can provide significant benefit in terms of implementation complexity. On the other hand, significant time and effort for designing the new interelaver will add more complexity on the test and validation and performance calibration as compared to the filed-proven Rel6 interelaver.  
A5. As decided in [5], 3GPP RAN WG1 has been already agreed in the Turbo code’s requirements as supporting 2x2 MIMO and the segment block size as 5114 (or slightly larger ?). It means that the 20 parallelism is quite enough for the LTE system in two reasons. The first, each core can support 10Mbps [6], and the second, if we choose more than 20 parallelism for the 5114, each core should decode less than 256 bits and this small window size occurs performance degradation as demonstrated by many research papers.

However, the 20 parallelism does not mean the limitation on the maximum throughput of LTE system. Let us assume a UE implementation which requires 40 decoding cores for a far future application. In this case, we can achieve the same decoding computational power with two set of 20 parallel decoders (SSP+MSP). If we compare single set of 40 parallel decoders (SSP) with two sets of 20 parallel decoders (SSP+MSP), the incremental complexity would be under 10Kgates which is devoted to an additional internal memory. If we consider each decoding core’s complexity of 100Kgates, we can know that this additional complexity is almost negligible in the implementation. Nevertheless, it is not easy to commercialize over 20 parallelism in a mobile UE application due to chipset size limitation in a near future

Consequently, 20 parallelism is sufficient for the LTE system.
4 Conclusion
We showed that both the CFB and I3P interleavers are contention free I/L, but the CFB I/L is a globally optimized solution whereas the I3P is a locally optimized solution. In the specific numbers of parallelism (i.e., the factors of code block sizes), I3P can achieve more efficient HW design way due to the identical intra-permutation characteristics, but CFB provides better efficiency in implementation for the general numbers of parallelism.
As a result, we showed that the Rel6 Turbo interleaver, which is a variant of CFB I/L, can be practically implemented to fulfil the LTE requirement. It also should be noted that the Rel6 Turbo interleaver has been field-proven in standardization/implementation during several years. Considering all these observations, it is our view that introduction of a new interleaver in LTE would not provide meaningful advantage in terms of performance and practical implementation.
Therefore, we recommend reusing the Rel6 Turbo interleaver in LTE. We believe that with this approach, the LTE work can progress fast.
In addition, for the high bit rate UE categories in the Rel5/6 and the Rel7 UEs with MIMO, either MSP or parallel implementation is being considered to support higher throughput than what can be achieved by single core. Moreover, to implement dual mode system (LTE + HSPA or HSPA evolution), the newly introduced I/L can cause additional complexity as well as the burden of implementing two interleavers to HW designer.
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