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1 Introduction
In RAN1 #89, the following agreements on CBG-based (re)-transmissions were reached:
	No.
	Agreement

	1
	Agreements:
· For DL CBG-based (re)transmission,
· Following information can be configured to be included in the same DCI:
· Which CBG(s) is/are (re)transmitted.
· [bookmark: _GoBack]Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed.
· FFS: timing of CBG-based (re)transmission.
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.
· FFS: timing of the preemption indication. 

	2
	Agreements:
· For grouping CB(s) into CBG(s), following is adopted.
· With indicated number of CBGs, the number of CBs in a CBG changes according to TBS.
· FFS for the case of re-transmission or the case when the number of CBs is smaller than the indicated number of CBG 
1. FFS “indicated” is realized by RRC, MAC, L1 signaling

	3
	Agreements:
1. At least following is supported.
0. For a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible.
0. The difference of CB number per CBG between any two CBGs is either 0 or 1.
0. FFS on the detailed rule for the CB grouping.
1. Study further benefit and realization of non-uniform CB distribution across CBGs.



As shown in many contributions, CBG-based multi-bit HARQ feedback scheme is crucial to enable efficient URLLC and eMBB dynamic multiplexing based on pre-emption, as well as to provide higher throughput with larger transport block sizes. In this contribution, we consider some details of CBG-based multi-bit HARQ feedback design, in particular, some UCI aspects.
2 Discussion
2.1 CBG Ack/Nack feedback: Performance v/s overhead tradeoff
With CBG-based transmission, there is a trade-off between the CBG size and the amount of feedback. With smaller CBG size, more accurate control on the retransmission is possible, which translates to more efficient retransmission. However, this can incur a higher UCI overhead if the CBG A/N feedback is included in a raw format, e.g., a bitmap.  To reduce the overhead, applying a lossless/lossy compression to the CBG A/N feedback can be an attractive trade-off. In order to design an efficient compression scheme, statistics of the CBG A/N feedback requirement can be utilized. For example, if it is known that there can be at most one CBG with CRC failure among all CBGs, the UCI only needs to feedback the index of the failed CBG for the NAK. Yet another example is that if the CBGs failing CRC check are contiguous in the CBG-index domain, the starting CBG index of the failed CBGs and the run length can be fed back. In general, however, the CBG failure patterns are typically not entirely predictable. In such cases, some CBG failures may not follow the assumed pattern, for which we can utilize a lossy compression scheme. For example, if the failed CBGs form two bursts, while the UCI is provisioned for reporting a single CBG-burst failure, the actual CBG A/N feedback can be chosen so as to cover both the failure bursts. This effectively is a lossy compression scheme, where we trade off the UCI overhead of the CBG A/N report with some redundant CBG retransmissions. 
Proposal 1: To reduce the UCI overhead, compressing the CBG A/N feedback with lossless or lossy compression schemes should be considered. 
One way to achieve lossless compression of the CBG A/N feedback is to adopt outer coding based CBG HARQ. In such scenarios, the outer code can utilize additional parities to recover the data CB errors in the previous transmission without requiring the exact location of the errors being fed back -- Only the total number of CB parities would be needed to be fed back. In addition, a lossy compression scheme could be further applied to the outer code to achieve even a lower UCI overhead.
Proposal 2: Outer code can be one CBG A/N feedback compression scheme.
2.2 Importance of CBG Ack/Nack Feedback Reliability
When CBG-based retransmission is applied to PDSCH, the UE will send back CBG A/N. It turns out the reliability of the CBG A/N feedback is critical. Here are some examples:


[bookmark: _Ref477880245]Figure 1. Example with correct CBG A/N decoding
In Figure 1, we show an example with 12 CBGs in the TB. In the first transmission, 4 of the CBGs failed, and the UE requests the retransmission of these 4. The CBG A/N report is correctly decoded, and in the retransmission, only the 4 failed CBGs are retransmitted. The UE may or may not perform soft LLR combining (depending on whether it is due to bursty interference or puncturing) of these 4 CBGs with the LLRs of these CBGs already in the buffer and attempt a new decoding for these CBGs. 


[bookmark: _Ref477880249]Figure 2. Example with wrong CBG A/N decoding
In Figure 2, we show the same example with 12 CBGs in the TB. In the first transmission, 4 of the CBGs failed, and the UE requests the retransmission of these 4. This time, the CBG A/N report is decoded incorrectly. Instead of retransmitting CBGs 4, 5, 6, and 8, the gNB is retransmitting CBGs 3, 5, and 6. If UE purely relies on gNB’s exact knowledge of the CB(G) failure pattern, the UE will assume CBGs 4, 5, 6 and 8 are included in the retransmission, and will combine the LLRs for CBGs 3, 5 and 6 with that of CBGs 4, 5, 6, and 8 in the soft buffer. As a result of which the decoding will fail, and will continue to fail in future retransmissions as wrong LLRs are combined.
Observation 3: For CBG-based PDSCH transmission, CBG A/N decoding error event has error propagation issues.
The above example shows that the reliability of CBG A/N needs to be reasonably high, as otherwise there will be undetectable error events and it will take upper layer long time to detect the error and arrange retransmission. To provide higher reliability, one approach can be to include a CRC field in the CBG A/N feedback. In this way, at least the CBG A/N decoding error event can be detected. However, when the number of CBGs is not very large, including a CRC field can substantially increase the UCI payload and may not be efficient. Alternatively, we can introduce some additional CBG A/N reconfirmation mechanism in the gNB’s retransmission grant, such that the UE can verify from the retransmission grant that the CBG A/N assumed by the gNB is the same as the CBG A/N report it transmitted.
Proposal 4: For CBG-based PDSCH transmission, either a highly reliable CBG A/N is fed back, or a CBG A/N reconfirmation mechanism is provided to avoid error propagation.
Some implicit mechanisms for the CBG A/N reconfirmation in the DCI with low overhead are discussed in a companion contribution [4].
For CBG-based PUSCH transmission, the gNB sends the CBG A/N feedback to the UE. This information is carried by PDCCH and will thus have the CRC protection. In this case, a CBG A/N decoding-error event will happen with low probability, and therefore, CBG-based PUSCH transmission will not have the same reliability issue as CBG-based PDSCH transmission.
3 Conclusions 
In this paper, we discussed some design considerations for CBG-based transmission with multi-bit HARQ schemes (in particular, UCI aspects), and have the following proposals/observations:
Proposal 1: To reduce the UCI overhead, compressing the CBG A/N feedback with lossless or lossy compression schemes should be considered. 
Proposal 2: Outer code can be one CBG A/N feedback compression scheme.
Observation 3: For CBG-based PDSCH transmission, CBG A/N decoding error event has error propagation issues.
Proposal 4: For CBG-based PDSCH transmission, either a highly reliable CBG A/N is fed back, or a CBG A/N reconfirmation mechanism is provided to avoid error propagation.
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