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1. Introduction
Improvement of coverage and throughput in the areas near the cell edge is one of the important technical issues for the evolved UTRAN. Some companies have suggested the use of low rate codes for this issue [1][2][3]. 

In the existing UTRA system a bit repetition scheme is used to achieve coding rates of lower than 1/3 and this has been suggested in TR25.814 as a method of achieving higher processing gain.  

At the RAN#43 meeting in Seoul, we proposed an alternative method to the conventional repetition scheme, of applying the technique of “Shortened codes [4]” to the existing UTRA R=1/3 turbo code, in order to achieve coding rates of less than 1/3 [5]. We showed link-level simulation results assuming ideal channel estimation and no receive antenna diversity compared to a repetition method.
In this contribution, new link-level simulation results are provided which consider non-ideal channel estimation and receive antenna diversity. The simulation results show the performance gain of the proposed method over the repetition method is about 0.2 to 0.5 dB for coding rates of between 1/7 and 1/5.

In addition, we propose another modified coding scheme to improve the performance further and show our simulation results of it.

2. Overview

The proposed method applies the “shortened code” technique to the existing UTRA R=1/3 turbo coding scheme reusing the current turbo encoder and decoder. The main change is the insertion of temporary bits into the source data stream. These temporary bits play a key role in the decoding process.
Two methods for shortening the turbo codes, termed “outer” and “inner,” can be considered. Outer methods are ones that are constructed by applying turbo codes to shortened code techniques. Alternatively, inner methods are ones for which temporary bits insertion is done in the encoder directly for each constituent encoder. The following explains the details of these methods. 
2.1. Outer method
Figure 1 is a block diagram of an encoder for the outer shortened turbo code. Prior to the turbo encoding process a predetermined number of temporary bits are inserted into every information bit sequence. After the turbo encoding, these inserted temporary bits are removed from the systematic bit sequence output from the encoder. The generated output is a shortened code of the UTRA R=1/3 turbo code. The value of each temporary bit can be arbitrarily set as it makes no difference to the channel coding gain regardless of the set value. For simplicity, the temporary bits inserted within the encoder are assigned to a binary value of zero.
In the decoding process, the same temporary bit sequence as used in the encoding is inserted into the received data sequence prior to the turbo decoder. It is noted that before the insertion the magnitude of each bit of the temporary bit sequence is multiplied by a single large value which makes the temporary bit sequence have a high likelihood. Such a multiplication can effectively limit the selectable trellis paths in the trellis chart, resulting in better decoding performance. After the turbo decoding the temporary bit sequence is removed from the output of the turbo decoder leaving the decoded source information. The insertions and removals of temporary bits are done outside the core parts of the existing UTRA turbo encoder and decoder. Therefore the encoder and decoder core parts shouldn’t need to be modified. The necessary modification to the existing channel coding scheme is mostly related to the addition of the temporary bit insertion and removal functions. These modifications are made outside the turbo encoder and decoder and should have a minimal impact on the complexity of the existing channel coding scheme.
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 Figure 1 - Simplified block diagram of the outer method shortened coding.

2.2. Inner method
The outer method has the merit that a conventional encoder and decoder can be reused, but the performance will be limited because the positions of the temporary bits are changed in the input bits of the second encoder. In order to improve the performance, the positions should be uniformly distributed, however the pattern is corrupted through the interleaver. The resultant input bits could include several burst sequences of temporary bits. Figure 2 shows a block diagram of an encoder of the inner shortened turbo codes. This is a simple solution for the problem in which the input bits sequence to the second encoder is affected by the interleaver. A temporary bit sequence is directly inserted into each bit sequence input to each encoder. Seemingly this encoding procedure differs from a shortened code.
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Figure 2 - Simplified block diagram of the inner method shortened coding.

3. Simulation results
The link-level simulation results of the outer method for the non-ideal channel estimation case are shown in Fig. 3 to 10. The basic assumptions of the simulation are shown in Table 1. 

Table 1 - Simulation assumptions.

	Bandwidth
	5 MHz

	Access
	OFDM

	Number of sub-carriers
	301

	Sub-frame length
	0.5 ms

	Number of OFDM symbols per sub-frame
	7

	Modulation
	QPSK

	Propagation channel
	6-ray Typical Urban model

	Channel estimation
	Linear interpolation over two consecutive sub-frames

	Pilot allocation
	TDM  (150 pilot symbols in the first OFDM symbol)

	Rx diversity
	2 Rx

	Channel Inter-leaver
	Rel’6  2nd inter-leaver

	Information block length, k
	320 bits  (including a 24-bit CRC)

	Block length,  3k+2L
	1282 bits  (R=1/4),

1602 bits  (R=1/5),

2242 bits  (R=1/7),

2884 bits  (R=1/9)

	Constraint, K
	4

	Decoding
	Max-Log-MAP (iteration=8)


Note: One 320-information-bit transport block occupies one sub-frame in the simulation.
Figures 3 to 6 show simulation results of the required Eb/No for a Target BLER=0.1% vs. coding rate for static 1path and 6-ray Typical Urban models with different UE mobility.

“UTRA R=1/3 turbo (K=4) + Repetition” appearing in the legend means a code generation by repeating some of the output bits of the UTRA R=1/3 turbo code. Such a manner of code generation is already possible in the current UTRA. “Shortened UTRA R=1/3 turbo (K=4)” means a code generation of shortened codes of the R=1/3 turbo code whose constraint is 4. “Shortened UTRA R=1/3 turbo (K=4) + Repetition (for R<1/7)” means a code generation where for R=1/7 or larger, a generated code is a shortened code of the UTRA R=1/3 turbo code, and for R<1/7, a generated code is a resultant code from repetition of the R=1/7 shortened code bits of the UTRA R=1/3 turbo code.
As shown in these figures, the proposed method has about 0.2 to 0.5 dB gain for the outer method and has about 0.2 to 0.7 dB gain for the inner method over the repetition method for coding rates of between 1/7 and 1/5 with realistic channel estimation performance.
Figures 7 to 10 show the calculated throughput at R=1/7 in static 1path, and 6-ray Typical Urban model for different UE mobility.
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Figure 3 - Required Eb/No in static, 1path condition.
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Figure 4 - Required Eb/No in Typical Urban 3 km/h.
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Figure 5 - Required Eb/No in Typical Urban 30 km/h.
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Figure 6 - Required Eb/No in Typical Urban 120 km/h.
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Figure 7 - Throughput in static condition (R=1/7).
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Figure 8 - Throughput in Typical Urban 3 km/h (R=1/7).
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Figure 9 - Throughput in Typical Urban 30 km/h (R=1/7).
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Figure 10 - Throughput in Typical Urban 120 km/h (R=1/7)

4. Conclusion
We have proposed a method of applying the “shortened code” technique to the existing UTRA R=1/3 turbo coding scheme, in order to achieve coding rates of less than 1/3. The method requires only minor modification to the existing UTRA channel coding scheme because a new channel coding method doesn’t need to be specified and existing hardware resources are re-used. The complexity would increase marginally, however this additional complexity increase is negligible in comparison to the total processing required for decoding a radio block. The method can be considered as a complement to (or a substitute for) the conventional “repetition method” as used in release 6.
We would like to suggest that the proposed method be considered as one of the basic functions of the EUTRA.
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