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Performance Evaluation of Parallel Interleaver for RED HOT
1. Introduction
A parallel interleaving structure [1] and symbol mapping based on priority (SMP) [2] for RED HOT transmission were discussed at GERAN WG1 AdHoc#1 on HUGE and RED HOT and simulation results [3] were presented at GERAN#35. At GERAN Telco#8 on HUGE and RED HOT, contributions on analysis, evaluation and performance of Bit Interleaver have been presented [4-6]. In particular, in [7] for DAS-8 and DAS-9 Bit Interleaver is compared with Parallel Bit Interleaver with SMP. It is shown [7] that Parallel Bit Interleaver with SMP achieves a negligible additional gain or a negative effect compared to Bit Interleaver. This leads to a different conclusion drawn in [3].

This contribution is an update of [8]. The performance of Bit Interleaver and Parallel Bit Interleaver with SMP is compared for both DAS-8 and DAS-9. In the cases considered in this contribution, Parallel Bit Interleaver with SMP has shown consistent performance gains compared to Bit Interleaver. 
Note that parallel interleaving structure and SMP for 16QAM are a proven technology and have been standardized in TS 25.212 for HS-DSCH [9], where inter-column permutation is used for parallel interleaving, parallel interleaving and SMP are considered being utilized for only 16QAM-based MCSs. A block diagram to implement the Parallel Bit Interleaver and SMP for DAS-8 is illustrated in Appendix.

2. Coding Chain of DAS-8 and DAS-9
Figure 1 depicts a channel coding chain structure of DAS-8 and DAS-9 with parallel interleaving structure [1]. Ericsson’s bit interleaver is used as parallel interleaver. To apply SMP two independently bit-interleaved blocks A’ and B’ perform bit rearrangement, called the “block-by-block” method in [2]. Then the bits are mapped on four bursts as defined in TS 45.003. 
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Figure 1.  Channel coding chain with parallel Interleaver for DAS-8 and DAS-9
3. Performance Comparison
Performance of both Bit Interleaver and Parallel Bit Interleaver with SMP is evaluated for DAS-8 and DAS-9. Simulation assumptions used are shown in Table 1. In simulations, the bit interleaver parameter ‘a’ investigated in [6] for Bit Interleaver equals 199 and this parameter is assumed to be 93 for Parallel Bit Interleaver. Rate matching used is based on the puncturing scheme [10].
Table 1. Simulation Assumptions
	Parameter
	Assumption

	Channel profile
	Typical Urban (TU), Hilly Terrian (HT)
Noise limited scenario

	Terminal speed
	3 km/h (TU), 100 km/h (HT)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU, HT)

	Equalizer
	RSSE (4x2 SOVA) 
with  ideal channel estimation

	Tx pulse shape
	LGMSK

	Rx filter 
	RRC

	Simulation length
	50,000 radio blocks per simulation point

	Interleaver
	Bit interleaver

	Bit rearrangement for SMP
	Block-by-block approach [2]


Figure 2 shows link-level simulation results for DAS-8 and DAS-9 over TU3iFH. As demonstrated in Figure 2, for DAS-8 the Parallel Bit Interleaver with SMP method achieves a performance gain of ~0.27 dB at BLER of 10-1 compared to the Bit Interleaver; furthermore, for DAS-9 the Parallel Bit Interleaver with SMP method achieves a performance gain of ~0.2 dB at BLER of 10-1 compared to the Bit Interleaver.
Similarly, Figure 3 shows link-level simulation results for DAS-8 and DAS-9 over HT100iFH. As shown in Figure 3, for DAS-8 the Parallel Bit Interleaver with SMP method achieves a performance gain of ~0.12 dB at BLER of 10-1 compared to the Bit Interleaver; furthermore, for DAS-9 the Parallel Bit Interleaver with SMP method achieves a performance gain of ~0.13 dB at BLER of 10-1 compared to the Bit Interleaver.
4. Conclusion

Performance of the Bit Interleaver and the Parallel Bit Interleaver with SMP is compared for both DAS-8 and DAS-9 over TU3iFH and HT100iFH. Simulation results demonstrate that the use of the Parallel Bit Interleaver with SMP is advantageous in BLER performance. It is proposed that the Parallel Bit Interleaver with SMP should be taken into account in EGPRS2 specification. 
A block diagram to implement the Parallel Bit Interleaver and SMP for DAS-8 is illustrated in Appendix.
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(b) BLER zoomed-in from Fig. 2 (a)
Figure 2. BLER of DAS-8 and DAS-9 over TU3iFH.
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(b) BLER zoomed-in from Fig. 3 (a)
Figure 3. BLER of DAS-8 and DAS-9 over HT100iFH.
Appendix – Parallel Bit Interleaver with SMP for DAS-8
Figure 4 below illustrates step-by-step operations in the Parallel Bit Interleaver with SMP for DAS-8.


[image: image6]
Figure 4. Illustration of Parallel Bit Interleaver with SMP for DAS-8.
The Parallel Bit Interleaver with SMP (after puncturing turbo coded bits and before burst mapping) proceeds in details as below.

Step I: Separation of systematic and parity bits. After puncturing of turbo coded bits, systematic bits (including 450 information bits and 12 CRC redundant bits) are separated with parity bits to generate 
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 each of which corresponds to one RLC block;
Step II: Block partitioning and distribution. Since DAS-8 uses 16QAM modulation scheme, the bits sequence 
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 is partitioned into two equal-size of bit sequences 
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. Similarly, the bit sequence 
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. These sequences are distributed to generate 
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 as shown in Fig. 4;
Step III: Applying bit interleaving to 
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Step IV: Bit rearrangement. Ref. [2].[image: image21.png]
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