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1. Introduction
A parallel interleaving structure [1] and symbol mapping based on priority (SMP) [2] for RED HOT were discussed at GERAN WG1 AdHoc#1 on HUGE and RED HOT and simulation results [3-5] were presented at the past GERAN meetings. At GERAN Telco#8 on HUGE and RED HOT, contributions on analysis, evaluation and performance of Bit Interleaver have been presented [5-7]. In particular, in [8,9] for DAS-8 and DAS-9 Bit Interleaver is compared with Parallel Bit Interleaver with SMP and the result is shown 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 [3-5], where Parallel Bit Interleaver with SMP has shown consistent performance gains compared to Bit Interleaver.
In this contribution, we investigate an alternative approach to the concept of parallel interleaving and SMP to explore its potential advantages, which was borrowed from 3GPP TS 25.212 for HS-DSCH [10].

2. Coding Chain of Downlink EGPRS2

The reason why we modify the previous ‘Parallel Interleaving and SMP’ scheme [5] is as follows:
1. In the previous SMP scheme exploited in [5], only the most significant systematic bits from RLC blocks (if applicable) are mapped into high-reliable bit positions; alternatively, only the least significant parity bits from RLC blocks (if applicable) are mapped into low-reliable bit positions. For well-balance mapping of the systematic bits into high-reliable bit positions (also the parity bits into low-reliable positions), a modified SMP method is considered.
2. Modified Rate Matching (MRM), which was agreed as a working assumption [13], has been considered in the modified SMP method because MRM impacts error rate performance. 
3. As required for the Bit Interleaver, the interleaving block length must be a multiple of 4 and must not have a common factor with the parameter "a".  Truncation process may be needed from some downlink EGPRS2 MCSs such as DAS-5, DAS-6, DAS-7, DAS-10 and DAS-11
. The parameters for those MCSs have been shown in this contribution (refer to Table 1). For DAS-8 to DAS-11, the parameter "a" in the Bit Interleaver for SMP is assumed to be a prime number and is close to one half of the value previously determined for the cases without SMP.  For DAS-5 the parameter ‘a’ is assumed to be 13, and for DAS-6 to DAS-7, the parameter "a" is simply assumed to be 11 due to the Ericsson's conclusion for turbo codes (actually, MCSs of DAS-5 to DAS-7 keep using the interleaver for MCS-5).

As an example, Figure 1 depicts a channel coding chain structure applicable to two RLC blocks, such as DAS-8 and DAS-9 with parallel interleaving structure. Bit Interleaver is still used as a parallel interleaver. Figure 1 (a) indicates the previous structure, while Figure (b) shows the new structure explored in this contribution. Main differences between two structures are: (1) a place of ‘Block Partition’ block; (2) a function of ‘Bit Collection & Distribution’ block where some of systematic bits are truncated in the bit distribution procedure. 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 3GPP TS 45.003 [13]. 

To clarify differences between the previous and new approaches, two block diagrams to implement the Parallel Bit Interleaver and SMP for DAS-8 are illustrated in Annex A.

2.1 Rules of Selecting the Parameter ‘a’
Because there is no common factor between an interleaver parameter “a” and an interleaver block size, the parameter ‘a’ can be selected as:
· For DAS-5, DAS-6 and DAS-7, select prime numbers without evaluation for optimization due to the use of Turbo codes in downlink EGPRS2.
· For DAS-9, DAS-10 and DAS-11 with modified SMP, select parameter “a” values as prime numbers which are close to one half of parameter “a” values used in [1], respectively.

Table 1 shows the parameter ‘a’ selected for DAS-5 to DAS-11.
2.2 Rules of Selecting the Bit Interleaver Block Size

A block size of the Bit Interleaver must meet the followings:

· Bit Interleaver block size is a multiple of 4 (for 4 bursts).

· Bit Interleaver block size is a multiple of the number of RLC blocks.

Table 2 shows the size of the Bit Interleaver block for DAS-5 to DAS-11. 
3. Performance Comparison

Performance of both Bit Interleaver and Parallel Bit Interleaver with SMP is evaluated for DAS-5 to DAS-11. Simulation assumptions used are shown in Table 3. In simulations, modified rate matching used is based on the working assumption agreed at GERAN#36 [13].

Figure 2 to Figure 13 in Annex B show link-level simulation results for DAS-5 to DAS-11 over HT100nFH and TU3iFH. As demonstrated, for DAS-6/7/11 over both HT100nFH and TU3iFH the Parallel Bit Interleaver with SMP method shows a small performance loss at BLER of 10% compared to the Bit Interleaver. However, for DAS-8/9 over both HT100nFH and TU3iFH the Parallel Bit Interleaver with SMP method achieves a small performance gain at BLER of 10% compared to the Bit Interleaver. On the other hand, for all downlink EGPRS2-A MCSs evaluated over HT100nFH and TU3iFH, the Parallel Bit Interleaver with SMP method achieves consistent variable gains at BER of 1% compared to the Bit Interleaver.
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Figure 1. Channel coding chain: An example of two RLC blocks
Table 1. Parameter “a” for Bit Interleaver

	Downlink EGPRS2-A

MCSs 
	Interleaver Parameter “a”

	
	Without SMP
	With truncated SMP

	DAS-5
	11
	13

	DAS-6
	11
	11

	DAS-7
	11
	11

	DAS-8
	199 [14]
	97

	DAS-9
	199 [14]
	97

	DAS-10
	301 [14]
	149

	DAS-11
	47 [14]
	23


Table 2. Parameters in Coding Schemes

	Downlink EGPRS2-A

MCSs
	#of systematic bits per radio block [15,16]
	#of total coded bits per radio block [15,16]
	# of truncated systematic bits

(Size of 1st Bit Interleaver)
	Size of 2nd Bit Interleaver
	#of RLC blocks [15,16]

	DAS-5*
	443
	1248
	440
	808
	1

	DAS-6
	558
	1248
	556
	692
	1

	DAS-7
	670
	1248
	668
	580
	1

	DAS-8
	924
	1664
	924
	740
	2

	DAS-9
	1116
	1664
	1116
	548
	2

	DAS-10**
	1146
	2120
	1140
	980
	2

	DAS-11
	1674
	2100
	1668
	432
	3


      * swap: 5% [15],  ** swap: 15% [15]  

Table 3. 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]


4. Conclusion

Performance of the Bit Interleaver and the Parallel Bit Interleaver with SMP is compared for both DAS-5 to DAS-11 over TU3iFH and HT100iFH. Simulation results demonstrate that the use of the Parallel Bit Interleaver with SMP is consistently advantageous in BER performance. However, performance gains attained by the Parallel Bit Interleaver with SMP are inconsistent in BLER. The following factors may affect the performance of the parallel interleaving with SMP:
· Size of data blocks: In general, the size of RLC data blocks in EGPRS2 is relatively short. A longer size of data blocks could be benefit from the parallel interleaving with SMP.
· Code rate: Code rate of downlink EGPRS2 MCSs also impacts the ratio of the number of systematic bits and parity bits after rate matching. In particular, for relatively high code rate MSCs using 8PSK and 32QAM the use of the parallel interleaving with SMP causes some loss in BLER performance. 
· Puncturing scheme: During the progress of RED HOT WI, a few puncturing schemes have been explored, including UMTS rate matching, modified rate matching, circular buffer rate matching and sub-optimal puncturing. Puncturing schemes have influences on the performance of the parallel interleaving with SMP.
· Channel Interleaver: Channel interleaver used to implement parallel interleaving structure is also a factor to mention.
· Bit swapping: Header bits and PAN bits mapped on to low-reliable bit positions on a burst are swapped with data bits mapped on to high-reliable bit positions. This limits a performance gain of the parallel interleaving and SMP.
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Annex A: Parallel Bit Interleaver with SMP for DAS-8
(a) Previous Approach [4]
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Annex B: Simulation Results
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Figure 2. Performance of DAS-5/6/7 over HT100nFH: Noise-sensitive case
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(b) BER

Figure 3. Performance of DAS-5/6/7 over HT100nFH: Interference-limited case
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Figure 4. Performance of DAS-5/6/7 over TU3iFH: Noise-sensitive case
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Figure 5. Performance of DAS-5/6/7 over TU3iFH: Interference-limited case
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Figure 6. Performance of DAS-8/9 over HT100nFH: Noise-sensitive case
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Figure 7. Performance of DAS-8/9 over HT100nFH: Interference-limited case
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Figure 8. Performance of DAS-8/9 over TU3iFH: Noise-sensitive case
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Figure 9. Performance of DAS-8/9 over TU3iFH: Interference-limited case
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Figure 10. Performance of DAS-10/11 over HT100nFH: Noise-sensitive case
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Figure 11. Performance of DAS-10/11 over HT100nFH: Interference-limited case
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Figure 12. Performance of DAS-10/11 over TU3iFH: Noise-sensitive case
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Figure 13. Performance of DAS-10/11 over TU3iFH: Interference-limited case
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� We do not include the discussion on DAS-12 because of a different structure from other MCSs (DAS-5 to DAS-11) in downlink EGPRS2-A.





� Since DAS-12 has a little different coding chain structure and code rate of DAS-12 is high, evaluation of DAS-12 has not been considered.  


� It is for the first transmission.
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