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1	Introduction
In RAN1#90, the following agreements on HARQ feedback on CBG level have been made [1]:
Agreements:
· For single CW case with CBG based retransmission for the semi-static codebook with HARQ-ACK multiplexing, at least following is supported for the HARQ-ACK composition and mapping per TB
· HARQ-ACK codebook includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s))
· At least followings are supported
· HARQ-ACK payload size is the same with the configured number of CBGs
· Each HARQ-ACK bit corresponds to each CBG
· FFS payload size reduction
· ACK is reported for a CBG if the same CBG has been successfully decoded
· FFS how to handle the case if TB CRC check is not passed while CB CRC check is passed for all the CBs
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]In this contribution, we discuss discuss CBG-HARQ feedback design and methods to reduce feedback overhead.
2	CBG-based HARQ-ACK Feedback Design
CBG-based HARQ feedback was introduced in NR to enable efficient and dynamic URLLC and eMBB multiplexing. However, this scheme puts new requirements on the underlying procedures. TB-based HARQ-ACK is not required to distinguish between CRC errors on CB-level or TB-level. Therefore, no additional signaling is employed. In NR, an issue arrises if all CB-level CRCs match whereas the TB-level CRC does not. In this case, HARQ-ACK bits can be put to an all-NACK state for all CBGs which results in a retransmission of the whole TB. Alternatively, an extra bit for indicating TB-level NACK can be considered for CBG-based HARQ. However, the gain of an extra bit is not obvious and requires an additional feedback bit increasing the overhead.
Proposal 1 – The all-NACK state of CBG HARQ feedback can be used to handle mismatch between CB and TB CRCs.
With CBG-based feedback, there exists a tradeoff between the feedback size and the gain due to the more efficient retransmission. Especially, carrier aggregation (CA) and feedback bundling can lead to very large feedback payloads in combination with CBG-based HARQ. In particular the UCI overhead is critical and has to be minimized making compression schemes neccessary [2]. Especially, for coverage limited UEs, the number of HARQ-ACK bits has to be limited [3] and in extreme cases CBG-based (re-)transmission can only be enabled by reducing the HARQ payload.
Observation 1 – CBG-based HARQ feedback increases the feedback overhead which is critical especially in the UL.
Since the decoding failure of a CB in many cases is due to puncturing or interference from URLLC traffic, the disturbance source can be identified afterwards by gNBs. Even without the influence of URLLC traffic, there is a statistical probability that the decoding of a CB fails. Nevertheless, this probability is much smaller than the probability, that a decoding failure of a polluted CB occurs.
Observation 2 – URLLC traffic (e.g. puncturing, interference) increases the probability of decoding failure significantly.
The gNB can provide additional information by means of signaling a pollution report (PR) to affected (eMBB) UEs. This enables a reduced HARQ feedback scheme, which guarantees a fixed payload length. In the following, we discuss two options of a reduced HARQ feedback scheme: 1-bit HARQ feedback (Option 1) and 2-bit HARQ feedback (Option 2).
Option 1: Figure 1 shows the 1-bit HARQ feedback scheme. The UE receives a pollution report (PR) from the gNB after initial transmission indicating that CBG1 or CBG3 have been polluted. Irrespective of the UE HARQ-feedback, CBG1 and CBG3 will be retransmitted by the gNB. By transmitting an ACK, the UE signals that it was able to decode the CBG2. By transmitting a NACK, the UE indicates that it could not decode CBG2 and the whole TB is retransmitted.
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[bookmark: _Ref492477824]Figure 1: Option 1: Example of 1-bit HARQ feedback with pollution report based feedback reduction.


Option 2: In Figure 2, a 2-bit feedback scheme is defined, which enables the UE to provide more accurate information on the decoding outcome. Here, the UE distinguishes between two levels of pollution, level-low or level-high, and transmits HARQ-feedback accordingly. In the example in Figure 2, URLLC interference refers to level-low, and puncturing refers to level-high.
The states of the feedback could be used as follows:
· 11 -> ACK -> no retransmission,
· 10 -> Retransmit level-high polluted CBGs,
· 01 -> Retransmit level-high and level-low polluted CBGs,
· 00 -> Retransmit all CBGs.
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[bookmark: _Ref492478324]Figure 2: Option 2: 2-bit HARQ feedback with pollution report based feedback reduction
Compared to the classical CBG-based retransmission scheme, the proposed schemes in Option 1 or Option 2 improve the reliability and coverage. Furthermore, due to the fixed size HARQ-ACK feedback, implementation of multiplexing HARQ-ACK is simplified [4].
Observation 3 – Pollution reports can be employed to compress CBG HARQ-ACK feedback which increases the coverage and simplifies HARQ feedback multiplexing.
Proposal 2 – Introduce pollution reports to enable CBG-based reduced HARQ-ACK feedback.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Proposal 3 – Study the benefits of HARQ-feedback compression schemes including Option 1 and Option 2.
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3	Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we presented a CBG-based HARQ-ACK feedback design. We summarize the following observations and proposals:
Proposal 1 – The all-NACK state of CBG HARQ feedback can be used to handle mismatch between CB and TB CRCs.
Observation 1 – CBG-based HARQ feedback increases the feedback overhead which is critical especially in the UL.
Observation 2 – URLLC traffic (e.g. puncturing, interference) increases the probability of decoding failure significantly.
Observation 3 – Pollution reports can be employed to compress CBG HARQ-ACK feedback which increases the coverage and simplifies HARQ feedback multiplexing.
Proposal 2 – Introduce pollution reports to enable CBG-based reduced HARQ-ACK feedback.
Proposal 3 – Study the benefits of HARQ-feedback compression schemes including Option 1 and Option 2.
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