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Interleaver Proposal for RED HOT/HUGE
1 Introduction
This document proposes an interleaver formula for RED HOT/HUGE. In particular, this paper focuses on the higher rate coding schemes that are using 3 and 4 BSNs per data block.
2 Interleaver Description

The interleaver (“square root interleaver”) that is proposed is based on using the square root of the number of bits to be filled for each BSN. Using this as the base, this ensures that the distance of neighboring bits is maximized after interleaving.
2.1 Bit interleaver

Suppose that there are L bits in the encoded BSN data vector c after puncturing. The interleaving parameter b is defined as 
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where 
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 is a selectable factor. 
Then, interleaving of c to the interleaved vector d is done as follows:

k=0; v=0;

while k<L,

 i=v;
    
while i<L,

        

d[k]=c[i];

        

i = i + b;

       

k = k +1;
  
 end,

   
v = v+1;
end,
2.2 Burst interleaver

The output vector of bit interleaved data is then interleaved onto the bursts for transmission.
For the case of 4 BSNs, the vector d for each BSN is mapped onto a single burst; the bits in d are mapped directly onto the available data bit fields of the burst, after reservation of the bit positions USF, Header, Stealing bits and, if relevant, PAN field. See Figure 2 – “bursts” indicate the available bits after allocation of non-data fields.
For the case of 3 BSNs, the vector d for each BSN is mapped across 2 bursts; the bits in d are mapped directly onto the available data bit fields of the bursts, after reservation of the bit positions USF, Header, Stealing bits and, if relevant, PAN field. See Figure 1 – “bursts” indicate the available bits after allocation of non-data fields.
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Figure 1: Burst Interleaving for 3 BSNs
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Figure 2: Burst Interleaving for 4 BSNs
3 Simulation

3.1 Simulation Configuration

The structure and notation that was used in [1] has been re-used here. The simulations have been run without and with reserved bits for the PAN field. Where the PAN field was included it was assumed to be encoded as 80 bits.
We have used 
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 in the simulations, with 
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 used as one of the references for comparison. The option of 
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 was used as a model to show the impact of not suitably distancing the bits as compared to the maximal 
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 case.
Three interleavers were tested:
i) Null interleaver (None)

ii) Square root interleaver with 
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iii) Square root interleaver with 
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Other assumptions used for the simulations are shown in Table 1.

Table 1: Simulation Assumptions
	Parameter
	Value

	Channel profile
	TU3iFH, TU3 nH

     Co-Channel Interference

      Sensitivity

	Frequency band
	900 MHz

	Equalizer
	DFSE

	Tx pulse shape
	RED HOT A: Linearized GMSK pulse

	Impairments:

– Phase noise

– I/Q gain imbalance

–I/Q phase imbalance

– DC offset

– Frequency error

– PA model
	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]
No

	Simulation length
	~3000 radio blocks per simulation point


3.2 Simulation Results

Simulation results are shown in Figure 3 to Figure 10 for co-channel and sensitivity conditions, both with and without reservation of bits for PAN field data. Two logical channels were used: MCS12_T32 carrying 3 BSNs each of 74 octets, and MCS14a_T32 carrying 3 BSNs each of 80 octets. ([1] contains more details.)
Results show that the basic square root interleaver (i.e. using 
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 ) gives good performance as compared to the other possibilities tried

4 Conclusion

A square root interleaver has been investigated as a proposed candidate for bit interleaving of high MCSs for RED HOT and HUGE. Initial simulations results have been shown. It has been observed that using the square root interleaving to maximise distance between neighbouring bits has improved performance as compared with the other references. It is proposed that the square root interleaver be included as the interleaving method for MCSs of 3 and 4 BSNs per block.
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Figure 3: MCS12_T32, No PAN, TU3 iFH Sensitivity
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Figure 4: MCS12_T32, with PAN, TU3 iFH Sensitivity
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Figure 5: MCS14a_T32, No PAN, TU3 iFH Sensitivity
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Figure 6: MCS14a_T32, with PAN, TU3 iFH Sensitivity
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Figure 7: MCS12_T32, No PAN, TU3 iFH Co-channel
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Figure 8: MCS12_T32, with PAN, TU3 iFH Co-channel
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Figure 9: MCS14a_T32, No PAN, TU3 iFH Co-channel
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Figure 10: MCS14a_T32, with PAN, TU3 iFH Co-channel
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