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Interleaving Structures for RED HOT and HUGE
1. Introduction

An external channel interleaver proposal [1] for new Modulation and Coding Schemes (MCSs) of RED HOT and HUGE WIs was discussed at GERAN#34. This interleaver proposal could be applicable to both WIs, possibly with modification of a parameter ‘a’. It should be noted that as described on working assumptions of RED HOT and HUGE, different channel coding schemes for MCS design are used, i.e. turbo coding is for RED HOT and convolutional coding for HUGE. 
In channel coding chain of RED HOT, channel coded bits can be separated to systematic (S) bits and parity (P) bits after turbo coding and rate matching operation, while it can not be possible to separate convolutionally-encoded bits into S and P bits in HUGE levels A and B because of use of non-systematic convolutional coding. The separation of S and P bits from the turbo encoded bits can be used to attain a performance gain as used in HS-DSCH, where a parallel interleaver structure is used to interleave S and P bits independently, for 16QAM [2]. Use of this parallel interleaver structure for RED HOT was also discussed in [3] at GERAN#34. 
In this contribution, it is proposed how the parallel interleaving structure can be used in RED HOT for initial transmission in order to take into account of a symbol mapping scheme which uses reliability levels of bit positions in higher modulation symbols. We also briefly mention interleaving structure of RED HOT in case of retransmissions (i.e. incremental redundancy) and for HUGE.
2. Interleaving Structures for RED HOT
After performing rate matching, S bits and P bits of turbo encoded data can be used to maximise a coding gain in RED HOT. To maximise the coding gain, for initial transmission the S bits are sent with higher priority wiles the P bits are sent with lower priority, and vice versa for  retransmissions by incremental redundancy (IR). As studied in TR 45.912 [4] during the period of feasibility study of GERAN Evolution, it was proven that a coding gain is achieved when the S bits is transmitted with higher priority. In this section, it is proposed to use two interleaving structures for initial transmission and retransmissions to take into account of benefit from “symbol mapping based on bit priority.”
2.1 Interleaving Structure for Initial Transmission

For initial transmission of RLC data blocks, a parallel interleaving structure can be used as in HS-DSCH [2] where the 1st interleaver is applied for the S bits and the 2nd interleaver for the P bits.  In Figure 1 a parallel interleaving structure is sketched for RED HOT levels A and B
 for initial transmission. Turbo-encoded data bits S and P are partitioned to two data blocks A and B by a distribution unit. The two interleavers are applied to interleave the data blocks A and B independently. In turn, two interleaved data block A’ and B’ are to be input into the multiplexing and burst mapping unit. As indicated in Figure 1, the interleaved data blocks A’ and B’ are mapped onto “higher reliable” bit positions (H and M) and “lower reliable” bit position (L), in symbols of bursts
, respectively. This means that the distributor must partition the data block A to include the S bits as many as possible and the P bits as few as possible. The data block B is vice versa. To do this, it is suggested to use the ratio in bit between the data block A and B, which is determined by bit reliable patterns and number of bit positions of 8PSK, 16QAM and 32QAM symbols, as shown in Table 1. It is seen from this block partitioning that the number of the S bits to the P bits within the data block A varies among the modulation type used to transmit. A descriptive example of block partitioning in the distributor is given in Figure 2. 

 It seems that this partitioning approach is well matched with the Circular Buffer Rate Matching [5], proposed by Motorola at the GERAN#34. Furthermore, it is well harmonized with a variety of code rates used in new MCSs for RED HOT levels A and B. To achieve further coding gain, each interleaver in the parallel interleaving structure should be carefully designed to satisfy the interleaver requirements mentioned in [2]. The interleaver design is still open. However, It is possible that Ericsson’s interleavers (symbol interleaver and bit interleaver) may be used with modifications (possibly parameters ‘a’ and ‘m’), because those interleavers have been evaluated in the simulations for new MCSs of RED HOT and HUGE presented at the past GERAN meetings. 
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Figure 1.  Parallel interleaving structure for the initial transmission
Table 1.  Parameters used for block partitioning in the distributor
	
	Ratio of A and B 

(in bits)
	Bit reliable pattern
	No. of bit positions

(H/M/L)

	8PSK
	2:1
	[ H H L ]
	2/0/1

	16QAM
	1:1
	[ H H L L ]
	2/0/2

	32QAM
	3:2 
	[ H L M H L ]
	2/1/2
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Figure 2.  Partitioning of coded data bits

2.2 Interleaving Structure for Retransmissions
Incremental redundancy (IR), which is non-identical retransmissions, uses different rate matching (or puncturing) between retransmissions. Therefore, it is not necessarily that S bits are separate from P bits in IR mode. It is suggested that in retransmissions a single interleaver structure should be used. Figure 3 shows a single interleaver structure for retransmissions. In Figure 3 a data block C after rate matching operation can be mapped onto bursts, without considering “symbol mapping based on bit priority.” Ericsson’s interleaver proposal [1] is applicable for retransmissions.
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Figure 3.  Single interleaving structure for retransmissions
3. Interleaving Structure for HUGE


In designing new MCSs for HUGE non-systematic convolutional coding is used. It is therefore impossible to separate between S bits and P bits after channel encoding. In this case, symbol mapping based on bit priority can not be applicable. Consequently, use of single interleaving structure is recommended.
4. Conclusion

In RED HOT, separate interleaving processing between systematic bits and parity bits after turbo coding is beneficial to achieve further coding gain by use of “symbol mapping based on bit priority.” It is suggested that for RED HOT level A and B, the parallel interleaving structure should be used for initial transmission to take account of the symbol mapping method, while single interleaving structure is used for retransmissions. For HUGE, it is recommended to use single interleaving structure for both initial transmission and retransmissions.
With parallel interleaving structure for MCSs of RED HOT, symbol mapping method is exemplified in [6] submitted to this Ad Hoc meeting.
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� For QPSK modulation of RED HOT level B, it may not be necessarily to use parallel structure, because there is no benefit from “symbol mapping based on bit priority.”


� H, M and L denote higher reliable bit, mediate reliable bit and lower reliable bit in a symbol, respectively. It is noted that  M is assigned as H in the Table 1.
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