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Impact of Self Decodable Puncturing Schemes on RED HOT 
1 Introduction
A number of proposal for puncturing schemes (PS) have been made for completion of the definition of the Modulation and Coding Schemes for RED HOT [1][2]. In each proposal, different approaches have been taken. The proposal in [2] made assumptions of self decodability of the first PS, and decodability of any combination of 2 PSs for the case of a DAS or DBS that has 3 PSs. The proposal in [1] made an assumption that each PS must be self-decodable. 
The throughput performance was compared [4] between the two proposals, under the assumption of no header errors. It was seen in both comparisons that the assumption of self decodability has a serious negative impact on the throughput graphs of the higher MCSs. In this contribution we compare the proposals with header decoding impact included.
2 Simulation Results
2.1 Simulation Configuration

The assumptions used for the simulations are shown in Table 1.

Table 1: Simulation Assumptions

	Parameter
	Value

	Channel profile
	Co-Channel Interference:
TU3iFH

	Frequency band
	900 MHz

	Equalizer
	DFSE

	Tx pulse shape
	RED HOT A: Linearized GMSK pulse

RED HOT B: RRC – 120kHz

	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
	6000 blocks


2.2 BLER including Impact of Header decoding
A comparison of the BLER without the header errors included has previously been presented in [4]. For DAS-12, it was shown that the after 1 RV, the BLER results of the 2 proposals were similar. After 2 RVs proposal [2] was ~2dB better than [1]; after 3 RVs the BLER results were again similar. 
Figure 1 shows the performance with the header error impact is simulated. As with [4], after the first transmission (RV1), the BLER curves are very similar. However, after the second and third transmissions, the BLER results are quite different. After the 2 RVs, the 10% BLER performance of [2] exceeds that of [1] by about 3dB; after 3 RVs by 1.5dB.
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Figure 1: BLER with Header impact included 
(DAS-12, TU3iFH, Co-channel)
2.3 BSN Delay Profile

Figure 2 shows the cumulative distribution function of correctly received BSN blocks as a function of the maximum number of PSs allowed to transmit a given BSN. The results are shown using DAS-12 and includes header decoding.
The cdfs are plotted in pairs, each pair for a different C/I level (dB). One curve of the pair shows the cdf for proposal [1] (dashed line), the other for proposal [2] (solid line). The RV scale indicates the performance after transmission of the corresponding RV. This is indicative of the BSN delay profile, and also of the memory requirements in the incremental redundancy memory buffer.
It can be seen from the graph that the delay profile of [2] (non self decoding) is better than proposal [1] assuming self decoding. This is particularly apparent at the lower C/I levels at which the header error events become more frequent.
2.4 Incremental Redundancy memory requirements

It is instructive to consider the average IR memory requirements for the 2 different proposals. Although not exact, it gives some indication of the relative memory requirements. 
Take, for example, the case that we want ~99% probability of a BSN being correctly decoded within 3 RV transmissions of the BSN. This is achieved for DAS-12 at C/I~16dB.
For proposal [2], the average required IR memory is a function of ((1-0.22) + (1-0.9))*BS*W = 0.88*BS*W, where BS is the memory required to store the soft information for one PS transmission of DAS-12, and W is the window. 
For proposal [1], the average required IR memory is a function of ((1-0.22) + (1-0.7))*BS*W = 1.08*BS*W. This is 23% more IR memory than [1].
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Figure 2: Correctly Received BSN ratio cdf as function of maximum number of RVs transmitted
2.4.1 Limited Incremental Redundancy memory

In practice, there are likely to be limitations on the available IR memory. In order to assess this, we have evaluated performance when the number of stored PSs per BSN is limited. The first case is limited to 2 stored PSs per BSN, the second case to 1 stored PS per BSN. So, for the 1 stored PS history case, if a 3rd transmission (PS3) is required for a BSN, then only a maximum of 1 previous PS will be stored and available for combining, either PS1 or PS2 (or neither if both the headers for PS1 and PS2 failed). As previously, simulation of header decoding is included. The delay profile for the 2 PS and 1 PS case are shown in Figure 3 and Figure 4 respectively. 
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Figure 3: Correctly Received BSN ratio cdf as function of maximum number of RVs transmitted – memory limited to 2 RVs per BSN
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Figure 4: Correctly Received BSN ratio cdf as function of maximum number of RVs transmitted – memory limited to 1 RV per BSN
3 Discussion

The simulation results seen in the previous sections show that a puncturing sequence set based on a full self decodability assumption is consistently poorer, both in terms of BLER, throughput and memory requirements. This is particularly noticeable at poorer signal conditions consistent with significant header BLER. 
The adverse impact appears to be due to the limitations that are needed in order to obtain self decodability of each PS. This requires treating each of the component encoders as a linear transformation of the original codeword, giving PS decoding performances that are similar, at least to within 4-5dB, to PS1. However, in the combining stage, the power of the Turbo iterations has been lost. 
Considering, for example, the case of DAS-12 that the header is received correctly for PS1 and PS3, but PS2 information is lost. For proposal [1], the available soft information then consists essentially of only systematic and parity 1 bits. Under these conditions, the message passing effect between the constituent codes, usually obtained by the Turbo decoding iterations, does not occur – the code then operates as a simple linear code – with the resulting performance.
4 Conclusion

This contribution has examined the impact of a self-decodability assumption in the puncturing scheme design for RED HOT. It has been seen by simulations that this negatively impacts performance as measured by BLER, throughput and IR memory requirement.
It has been seen that a proposal [2] that ensures good decoding performance of the 1st PS and combinations of different PSs has good characteristics BLER, throughput and IR memory requirements. It is concluded that self-decodability negatively constrains the PS design and limits the ability to obtain good performance.

It is proposed that the sequences proposal made in [2] be adopted for RED HOT.
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