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1 Introduction

As the CBG-based HARQ-ACK feedback is supported in NR, the payload of HARQ-ACK will increase significantly. Methods to reduce the HARQ-ACK feedback are under considerations. This contribution discusses the compressed CBG HARQ-ACK feedback scheme to reduce the HARQ-ACK payload. Some numerical analyses are also provided.
2 Motivation for HARQ-ACK compression
In order to make an explicit basis for the compressed HARQ-ACK scheme, we firstly analyze the behavior of the CBG error probability. Assume a TB contains N CBs, the probability of a CB corrected received is p. And assume that each CB with the same error rate is independent of each other in TB (commonly called IID, independent and identically distributed).
Then the probability Y(k) of k CBs correctly received within the TB is calculated as:
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Assume p=0.9 and N=10, we will have the Y(k) as illustrated in Figure-1.
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Figure-1: distribution of the Y(k)
From Figure-1, we can find that, the probability of correctly received CBs with larger number (k>=8) is dominant. We can use limit number of feedback to indicate the dominant cases. For example, if we want to indicate the cases of correctly receive 8 to 10 CBs, 6 bits are enough to indicate the receiver states, which includes more than 92% probability that indeed happen. 4 bits can be saved compared to CB based bitmap feedback. 

Table-1: Required bits for different indicated states
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Observation-1:  The probability of correctly received CBs in a TB with large number is dominant.

· Compression can be applied to indicate the dominant cases.
3 Comparison
Compared to the compression scheme mentioned above, smaller number of CBGs configured for the HARQ-ACK feedback is another solution for HARQ-ACK payload reduction. In the following, we compared these two HARQ-ACK payload reduction schemes from the probability of CB retransmission based on numerical analysis.

Figure-2 illustrates the three HARQ-ACK feedback schemes for comparison. The non-compression /non-bundling per CB scheme is as baseline.
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Figure-2: HARQ-ACK feedback schemes for comparison.

Table-2 gives the CB retransmission probability for different p values. For the CBG-based scheme-2, if there is an NACK in the CBG, all CBs in the CBG should be retransmitted. And for the compression based Scheme-3, if the number of error CBs is 1, only one CB is retransmitted. And if the 2 CBs error falls in the mapping table as shown in Table-A2
, 2 CBs are retransmitted. Otherwise, all CBs (10CBs) are retransmitted. From Table-2, we can find that the CB retransmission probability of Scheme-3 will be smaller than Scheme-2 as p increases. Since p is the probability of  a CB corrected received, in order to achieve the target BLER of a TB is about 10%, p will be higher than 90% in general. That is, the proposed HARQ-ACK compression scheme can provide better performance than the CBG-based HARQ-ACK scheme in higher p value.

Table-2: comparison of CB retransmission probability for different HARQ-ACK feedback scheme
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Observation-2: With the same feedback payload size, the compressed feedback method reduces the amount of retransmitted data effectively compared to the CBG-based HARQ-ACK scheme.
Proposal 1: HARQ -ACK compression scheme should be considered for HARQ-ACK payload reduction.

4 Conclusion

In summary, this contribution provides the following observation and proposals:

Observation-1:  The probability of correctly received CBs in a TB with large number is dominant.

· Compression can be applied to indicate the dominant cases.
Observation-2: With the same feedback payload size, the compressed feedback method reduces the amount of retransmitted data effectively compared to the CBG-based HARQ-ACK scheme.
Proposal 1: HARQ -ACK compression scheme should be considered for HARQ-ACK payload reduction.
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Appendix 

Table-A1: Y(k) calculation
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Table-A2: An example of mapping between compressed HARQ-ACK bits to HARQ-ACK states
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� Note that the mapping in Table-A2 is just an example for illustration. Other mapping is not precluded.
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(a) Scheme-1 (baseline)
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