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1 Introduction

The interleaving function defined in 25.222 [3] for HS-DSCH was incorrectly copied from the FDD interleaving function when Release 5 specifications were initially drafted. A correct interleaving function for TDD HSDPA needs to be defined.

In TR25.858 [1], it is stated that :

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

This document proposes an interleaving method that is adapted to the TTI length, provides a gain when the UE is in a high speed environment or in networks where the timeslot ISCP varies from timeslot to timeslot. The proposed interleaving process may be implemented more simply than frame related interleaving.

2 TTI Related Interleaving

TTI related interleaving provides timeslot diversity in the transport channel processing chain. Timeslot diversity is beneficial either in fading channels or when the interference varies from timeslot to timeslot (which may occur in some networks).

It is noted that physical channel based interleaving applied to TDD provides no diversity and its utility is questionable (a TDD HSDPA physical channel occupies a single code and timeslot whereas an FDD HSDPA physical channel occupies a single code and 3 timeslots : physical channel interleaving in FDD provides a time diversity benefit). The statement in [1] that “interleaving adaptation has to be done to the HS-DSCH TTI length” is thus sensible.

The drawback with the usage of frame related interleaving is that the interleaver memory size can become very large (particularly for high data rate UEs). For this reason, a code-related interleaving function is proposed. This code-related interleaving function meets the requirement that it is adapted to the HS-DSCH TTI length, it provides an interleaving gain across timeslots and does not require an excessive interleaver memory size.

The FDD interleaving scheme and the various possible interleaving schemes for TDD are illustrated in Figure 1 for a 3 code, 3 timeslot allocation. Of the possible TDD interleaving schemes, code related interleaving is seen to be the most similar to the FDD interleaving scheme.


[image: image1]
Figure 1 - HSDPA interleaving schemes
3 Code related interleaving

Code related interleaving applies the Release 99 2nd interleaving algorithm to codes rather than frames or timeslots. In order to achieve this, the physical channel segmentation function is replaced with an interleaver block segmentation function. The interleaving process is then applied separately to each interleaver block.

The HS-DSCH transport channel processing chain when code related interleaving is applied is illustrated in Figure 2.

 
[image: image2]
Figure 2 - HS-DSCH transport channel processing chain for code related interleaving
When SF=16 is applied, an interleaver block equates to a code (the interleaver block size is the product of the number of bits per physical channel and the number of timeslots in the allocation).

When SF=1, interleaver block segmentation segments the output of the bit scrambling function into 16 separate interleaver blocks (in this case, an interleaver block does not relate directly to a code : this is done to restrict the maximum required interleaver size).

The HS-DSCH interleaving algorithm is applied to the interleaver blocks produced by the interleaver block segmentation function.

The code related interleaving process produces interleaved blocks. The physical channel mapping function segments these interleaved blocks and maps the bits to physical channels. The physical channel mapper applies the forwards / reverse Release 99 physical channel mapping rule on a symbol basis. The forwards / reverse physical channel mapping rule is based on Release 99 physical channel mapping as per [1] (this forwards / reverse physical channel mapping rule for TDD provides some immunity to uplink / downlink interference in UTRA TDD that might otherwise lead to block errors across multicodes [2]). Physical channel mapping is applied on a symbol basis in order to retain the SMP benefits provided by the use of parallel HS-DSCH interleavers when 16QAM modulation is used.

The proposed code related interleaving and physical channel mapping schemes are described in detail in section 7.

4 Performance of Code Related Interleaving

Simulations of the physical channel based interleaving, code-related interleaving and frame related interleaving schemes show that the TTI related interleaving schemes (code related and frame related) outperform physical channel related interleaving when the C/I is not constant on each timeslot in an allocation.

Figure 3 shows the performance of the three interleaving schemes for a 2 code, 2 timeslot allocation when the ISCP measured on the second timeslot is 5dB greater than on the first timeslot (for the sake of illustration). The simulation assumes a coding rate of 0.5, 16QAM modulation and simulates the performance of initial transmissions only. It is apparent that TTI related interleaving outperforms physical channel based interleaving (as expected). There is no performance difference between code related and frame related interleaving (as expected).
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Figure 3 - Performance of TDD Interleaving schemes

5 Conclusion

This document proposes that code related interleaving and a Release 99 based physical channel mapping rule applied on a symbol basis is adopted for TDD. 

Code related interleaving provides a time diversity benefit in comparison to physical channel related interleaving.

Code related interleaving allows for smaller interleaver sizes in comparison to frame related interleaving.

The Release 99 based physical channel mapping rule applied on a symbol basis provides some immunity to uplink / downlink interference in TDD and retains the SMP benefits of the hybrid-ARQ and HS-DSCH Interleaving functions.

The proposed changes to 25.222 in order to implement code related interleaving are included. These proposed changes can be incorporated into a CR if appropriate.
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7 Proposed Change to 25.222

4.5
Coding for HS-DSCH

Figure 16 illustrates the overall concept of transport-channel coding and multiplexing for HS-DSCH. Data arrives to the coding/multiplexing unit in form of one transport block once every transmission time interval. The transmission time interval is 5 ms for 1.28Mcps TDD and 10ms for 3.84 Mcps TDD.

The following coding/multiplexing steps for HS-DSCH can be identified:

-
add CRC to each transmission time interval (see subclause 4.5.1);

-
code block segmentation (see subclause 4.5.2);

-
channel coding (see subclause 4.5.3);
-
hybrid ARQ (see subclause 4.5.4);
-
bit scrambling (see subclause 4.5.5);
-
interleaver block segmentation (see subclause 4.5.6);

-
interleaving for HS-DSCH (see subclauses 4.5.7);

-
constellation re-arrangement for 16QAM (see subclause 4.5.8);

-
mapping to physical channels (see subclause 4.5.9).

The coding steps for HS-DSCH are shown in figure 16.

[image: image4]


Figure 16. Coding chain for HS-DSCH
In the following the number of transport blocks is always one. When referencing non HS-DSCH formulae which are used in correspondence with HS-DSCH formulae the convention is used that transport block subscripts may be omitted (e.g. Xi when i is always 1 may be written X).
4.5.6
Interleaver block segmentation for HS-DSCH
When more than one HS-PDSCH is used and when SF=1 is used, interleaver block segmentation divides the bits among different interleaver blocks. The bits input to the interleaver block segmentation function are denoted by s1, s2, s3,…sR, where R is the number of bits input to the interleaver block segmentation function. The number of interleaver blocks is denoted by C. When SF=16 is used, C is the number of codes per timeslot in the allocation; when SF=1, C=16. 
The bits after interleaver block segmentation are denoted 
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where Ut is the number of bits per physical channel in timeslot t and T is the number of timeslots in the allocation.

The relation between sk and uck is given below.

Bits in the first interleaver block after interleaver block segmentation:
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Bits in the second interleaver block after interleaver block segmentation:
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Bits in the Cth interleaver block after interleaver block segmentation:
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4.5.7
Interleaving for HS-DSCH
The interleaving for TDD is done as shown in figure 18 below, separately for each interleaver block. The bits input to 2nd interleaving are denoted by 
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Figure 18: Interleaver structure for HS-DSCH

For QPSK, the interleaver is a block interleaver and consists of bits input to a matrix with padding, the inter-column permutation for the matrix and bits output from the matrix with pruning. The output bit sequence from the block interleaver is derived as follows:

(1)
Assign C2 = 30 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1, 2, …, C2 - 1 from left to right.

(2)
Determine the number of rows of the matrix, R2, by finding minimum integer R2 such that Uc ( R2 ( C2. The rows of rectangular matrix are numbered 0, 1, 2, …, R2 - 1 from top to bottom.
(3)
Write the input bit sequence 
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 into the R2 ( C2 matrix row by row starting with bit yc,1 in column 0 of row 0:
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where yc,k = uc,k for k = 1, 2, …, Uc and if R2 ( C2 > Uc, the dummy bits are padded such that yc,k = 0 or 1 for k = Uc + 1, Uc + 2, …, R2 ( C2. These dummy bits are pruned away from the output of the matrix after the inter-column permutation.

(4)
Perform the inter-column permutation for the matrix based on the pattern [image: image18.wmf](
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 that is shown in Table 8, where P2(j) is the original column position of the j-th permuted column. After permutation of the columns, the bits are denoted by y’c,k.
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(5) The output of the block interleaver is the bit sequence read out column by column from the inter-column permuted R2 ( C2 matrix. The output is pruned by deleting dummy bits that were padded to the input of the matrix before the inter-column permutation, i.e. bits y’c,k that corresponds to bits yc,k with k > Uc are removed from the output. 

(6) The bits at the output of the block interleaver are denoted by
[image: image20.wmf]c
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, where vc,1 corresponds to the bit y’c,k with smallest index k after pruning, vc,2 to the bit y’c,k with second smallest index k after pruning, and so on.
For 16QAM, there are two identical interleavers of the same fixed size R2×C2, where C2 = 30 and R2 is chosen to be the minimum integer such that 
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. The output bits from the interleaver block segmentation function are divided pairwise between the interleavers: bits uc,k and uc,k+1 go to the first interleaver and bits uc,k+2 and uc,k+3 go to the second interleaver. Bits are collected pairwise from the interleavers: bits vc,k and vc,k+1 are obtained from the first interleaver and bits vc,k+2 and vc,k+3 are obtained from the second interleaver, where k mod 4 = 1.

4.5.8
Constellation re-arrangement for 16 QAM

This function only applies to 16 QAM modulated bits. In case of QPSK it is transparent.

The following table 16 describes the operations that produce the different rearrangements.

The bits of the input sequence are mapped in groups of 4 so that vc,k, vc,k+1, vc,k+2, vc,k+3 are used, where k mod 4 = 1.

Table 16: Constellation re-arrangement for 16 QAM

	Constellation version

parameter b
	Output bit sequence 
	Operation

	0
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	None 

	1
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	Swapping MSBs with LSBs

	2
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	Inversion of the logical values of LSBs

	3
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	Swapping MSBs with LSBs, and inversion of the logical values of LSBs


The output bit sequences from the table above map to the output bits in groups of 4, i.e. rc,k, rc,k+1, rc,k+2, rc,k+3, where k mod 4 = 1.

4.5.9
Physical channel mapping for HS-DSCH
The HS-PDSCH is defined in [7]. The bits input to the physical channel mapping are denoted by 
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, where c is the interleaver block number and Uc is the number of bits in interleaver block c in one TTI. The bits 
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shall be mapped to the PhCHs such that the bits for PhCHs shall be transmitted over the air in ascending order with respect to the bit index k.
The bits 
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are segmented into timeslots to produce bits 
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according to the rule :
When SF=1 is applied, the bits 
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are mapped to physical channels according to the rule :
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When SF=16 is applied, the bits 
[image: image32.wmf]c
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are mapped to physical channels according to the rule :
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When the modulation level applied to the physical channels is 16QAM :

The physical channel 
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is the number of physical channels per timeslot according to the allocation message.
If 
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If 
[image: image42.wmf]p

is even then :


[image: image43.wmf]k

t

j

p

t

y

w

,

,

,

=

where
[image: image44.wmf]4

mod

)

1

(

3

4

1

4

-

+

-

ú

û

ú

ê

ë

ê

×

-

×

-

=

k

P

k

U

j


Otherwise, when the modulation level applied to the physical channels is QPSK :

The physical channel 
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is the number of physical channels per timeslot according to the allocation message.
If 
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If 
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