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1. Introduction
In this document, SMP implemented on dual interleaver is described and evaluated with CoRe (Constellation Rearrangement) retransmission technology.[1]
2. SMP bit distribution for dual interleavers
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Figure 1 Overall physical channel structure

Figure 1 shows HSDPA physical channel structure including new functionalities such as HARQ functionality, SMP interleaving, and CoRe retransmission technology. It is including bit distributor to share the output bits of HARQ functionality fairly into dual interleavers. This framework based on [2] (Nokia) was suggested from Ericsson through the email reflector. There were two different proposals to distribute the coded bits between the two interleavers. Nokia suggests distributing every even bit to the first interleaver and every odd bit to the other interleaver, while in Samsung’s proposal, as many systematic bits as possible are assigned to the first interleaver, and as many parity bits as possible are assigned to the other interleaver. However, if we control the bit index of the HARQ functionality outputs so that S bits have even dominant index, and P bits have odd dominant index, then Nokia’s distribution rules can be applied to SMP interleaving.

3. How to harmonize SMP with CoRe
The bit inversion or bit swapping can be taken on the more reliable positions (i1 and q1) and the less reliable positions (i2 and q2) for bit reliability averaging in retransmissions. The table 1, proposed from Panasonic and Nokia, describes the operations that produce the different rearrangements assuming a 16‑QAM Gray mapping [1]. 

	Bit rearrangement parameter b
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	Swapping i1 with i2 and q1 with q2
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	XOR with 0011 (equivalent to inversion of the logical values of i2 and q2 )
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	Swapping i1 with i2 and q1 with q2 and XOR with 0011 


Table 1 the operations that produce the different rearrangements
If the only bit average technology (CoRe) is applied without SMP, the operation of table 1 may be optimal. Also, if we consider CoRe and SMP independently, CoRe fades the effect of SMP since CoRe takes the reliability average of all bits while SMP takes the distinct reliability between bits. To solve this inconsistency, we must take the distinct reliability average between bits, i.e., reliability average is taken independently between systematic bits and parity bits. It seems to be complicated but it is easily accomplished by only taking the bit inversion not swapping. There are many ways to take the bit inversion on 4 bits of 16QAM, but the inversion of i2 and q2 is enough as case of b=2 in table 1. Therefore, if CoRe and SMP are considered to be cooperated in HSDPA, we recommend to use only two values for b in table 1, i.e., b=0, 2. If it is true, the signaling for bit rearrangement parameter b should be reduced or removed. 

For the combination of proposed SMP interleaving and CoRe, as shown in table 2, rearrangement parameter b has only two values and it is necessary and enough to get the biggest gain. 

	Bit rearrangement parameter b
	Output bit sequence 
	Operation
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	XOR with 0011 (equivalent to inversion of the logical values of i2 and q2 )


Table 2 Constellation rearrangement with the proposed SMP interleaving
4. Simulation Results

As it was explained, if CoRe is applied into HSDPA without SMP, table 1 should offer the local optimum. Thus, bit average effect by four values of b (b=0,1,2,3) is superior to the effect by two values of b (b=0,2). But, when SMP is joined to CoRe, two values (b=0,2) are necessary and sufficient condition to achieve the significant synergy gains as shown in figure 2. Method 1 is when SMP and CoRe with b=0,2 are applied. It is shown that the synergy gain (about 0.5dB~1dB) over the others can be obtained. On the contrary, when CoRe with both inversion and swapping (b=0,1,2,3) is combined with SMP as in the method 2, the synergy gain may not be expected any more. 
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Figure 2 comparison of throughput in AWGN

Method 1: CoRe with b=0,2 and SMP=On

Method 2: CoRe with b=0,1,2,3 and SMP=On

Method 3: CoRe with b=0,1,2,3 and SMP=Off

Method 4: b=0 and SMP=Off

5. Conclusion

In this paper, we presented how to harmonize SMP and CoRe, and shows significant synergy gains of the combining method. SMP implemented by dual interleaver is well compatible with CoRe using bit inversion technique without swapping. This scheme has several benefits and is satisfied low complexity, backwards compatibility, and low signalling. Therefore we propose SMP and CoRe with only two values (b=0,2) to be included in TR25.858. Since we quite agree with Nokia on using dual interleavers except indexing of even and odd bits, we just modify Nokia’s text proposal for easy understanding and comparison.
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Annex: Text proposal for TR 25.858 v 1.0.4
5.x
 Bit Collection 
To perform the SMP (Symbol Mapping based on Priority) interleaving, the output of HARQ functionality is selectively indexed so that as many systematic bits as possible have even numbered indexes, while as many parity bits as possible have odd numbered indexes. (More detailed will be discussed and shown later)

5.7 Interleaving


The interleaving for FDD is done as shown in Figure x separately for each physical channel. The bits input to the block interleaver are denoted by 
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, where p is PhCH number and U is the number of bits in one 2 ms TTI for one PhCH. For QPSK U = 960 and for 16QAM U = 1920. For QPSK the interleaver is the same as Rel99 2nd interleaver described in Section 4.2.11 of [3]. The interleaver is of fixed size: R2=32 rows and C2=30 columns. 
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Figure x Interleaver structure for HSDPA

For 16QAM, there are two identical interleavers of the same fixed size R2×C2 = 32×30. The output bits from the physical channel segmentation are divided between the interleavers: all even numbered bits 
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 to interleaver one and all odd numbered bits 
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 to interleaver two, where bit indexing shall follow the bit priority mapping rule described in Section 5.x Bit collection. The outputs of the interleavers are mapped to 16QAM symbols such that the output of first interleaver is mapped to the more reliable positions (i1 and q1) whereas the output of the second interleaver is mapped to the less reliable positions (i2 and q2). 

For TDD, interleaving adaptation has to be done to the HS-DSCH TTI length.

…………….

� This integrated frame structure is based on several proposals from Samsung, Nokia, Ericsson, Panasonic and so on. It would be proper for evaluation of SMP and CoRe.
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