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1 Introduction
In RAN1 #89 and #89ah, 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.
· 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.

	4

	Agreement:
· When uplink CBG-based (re)transmission is configured, the UL grant indicates which CBG(s) of a TB is/are retransmitted


	5
	Working assumption:
· For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).
Agreements:
· For CBG-based (re)transmission, the DCI scheduling CBG-based (re)transmission carries single RV field for the transport block.




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 paper, we consider some details of CBG-based multi-bit HARQ feedback design, in particular, some DCI aspects. 
2 Discussion
2.1 DCI overhead reduction through simple CBG-construction rules
With CBG-based transmission, there is a trade-off between the performance gains with higher complexity of grouping CBs into CBGs and the amount of DCI overhead. For instance, for URLLC and eMBB dynamic multiplexing based on pre-emption, even though having a CBG construction so as to align the CBGs with URLLC mini-slots may provide some performance improvement in the re-transmission of the CBGs corresponding to pre-empted symbols, the sheer number of different combinations of time/frequency resources would require sizable DCI overhead in conveying the CBG construction. The URLLC pre-emption duty-cycle is likely to be low, as URLLC inherently could not have very high system loading due to its low-latency requirement. In such scenarios, the increase in the DCI overhead of conveying more complex CBG construction is more likely to outweigh any performance gain during re-transmission.   
[bookmark: p1]Proposal 1: To keep the DCI overhead low, CBG construction should be based on simple rules, such as the distribution of CBs among CBGs being based on a table determined by the number of CBGs and the TB size.
With a table-based CBs to CBGs mapping, the gNB and the UE, both having the knowledge of the number of CBGs and the TB size, would not require explicit signalling of CBGs for the initial transmission. This is so as by definition all CBGs in TBs will be transmitted and the format of CBGs would already be known to both the gNB and the UE. This also will be the case when we consider region-based CBG construction, as discussed in [4], where the region configuration is known to both the gNB and the UE.
Observation 2: With a table-based CBG mapping, the initial transmission does not require explicit signalling of CBGs.  
As discussed in [3] and [5], reliability of the A/N feedback for CBG-based transmissions is important to avoid error-propagation issues. One approach to prevent such issues is to explicitly include in re-transmission a function of the received CBG A/N feedback or a bitmap of the CBGs re-transmitted. This explicit inclusion, however, can have significant overhead in the DCI when there are a non-trivial number of CBGs. An alternate approach is to consider an implicit A/N feedback reconfirmation. One such implicit approach for A/N reconfirmation, based on PDCCH CRC scrambling, is discussed in Section 2.2. The same approach also can be used for pre-emption reconfirmation for a subsequent transmission. Hence, in all CBG-based transmissions -- whether the initial transmission, a re-transmission, or a subsequent transmission -- the additional overhead in the DCI for CBG-based transmissions as compared to TB-based transmissions can be reduced to zero. 
2.2 Implicit CBG A/N reconfirmation with CRC scrambling 
We next discuss some ways of providing implicit CBG A/N feedback reconfirmation based on how the PDCCH’s CRC is generated. In the first approach, as illustrated in Figure 1, the gNB generates CRC of the DCI concatenated with the received UE’s CBG A/N bitmap, scrambles it with the UE’s RNTI, and transmits the DCI and CRC, without the CBG A/N bitmap. The UE decodes the DCI and CRC, generates a local copy of CRC based on the decoded DCI concatenated with its previously transmitted CBG A/N bitmap, and compares it with the received CRC: If the two match, the UE can infer that the gNB received its feedback correctly with high probability and proceeds to receive the retransmission; otherwise, when the two do not match, the UE discards the retransmission. 


Figure 1. Example of implicit CBG A/N reconfirmation: CRC is generated for the DCI concatenated with the received/transmitted CBG A/N bitmap.
An alternate approach is illustrated in Figure 2, where CRC is generated for the DCI only and thereafter it is scrambled with the received CBG A/N bitmap, in addition to being scrambled with the UE’s RNTI. This may require hashing the CBG A/N bitmap if it is longer than the CRC length, or zero-padding if it is shorter.
[bookmark: p2]Proposal 3: Consider implicit approaches for providing CBG A/N feedback reconfirmation, such as CRC scrambling.


Figure 2. Example of implicit CBG A/N reconfirmation: DCI’s CRC is additionally scrambled with the received CBG A/N bitmap, in addition to RNTI.
[bookmark: p3]The above approaches are also applicable when the gNB performs a subsequent transmission for a pre-empted transmission. In place of the CBG A/N bitmap, the pre-emption indication bitmap is utilized, which the gNB had previously transmitted to the UE.
Proposal 4: Consider implicit approaches for providing pre-emption indication reconfirmation, such as CRC scrambling.
[bookmark: o1]The additional scrambling does not have significant effect on the error-detection performance. As far as false detection is concerned, the additional scrambling is equivalent to a different RNTI, so the false-detection error probability does not change. While the misdetection probability can increase by at most a factor of 2, e.g., for 16-bit CRC, it is at most 1/2^15 instead of 1/2^16 (under the standard independent-error assumption). If needed, the CRC length can be correspondingly increased by 1 bit to maintain the same performance, which is typically going to be much less than the length of the CBG A/N bitmap or the pre-emption bitmap.  
[bookmark: p4]Observation 5: Additional CRC scrambling for providing implicit CBG A/N or pre-emption reconfirmation has small impact on the error-detection performance. 
Combining the above discussion on the DCI requirements for the initial transmission, re-transmission, and subsequent transmission, we have the following:
 Proposal 6: The DCI overhead due to CBG-based (re)-transmissions should be minimized with the use of implicit approaches for indicating CBGs being (re)-transmitted. 
3 Conclusions 
In this paper, we discussed some design considerations for CBG-based transmission with multi-bit HARQ schemes (in particular, DCI overhead), and have the following proposals/observations:
Proposal 1: To keep the DCI overhead low, CBG construction should be based on simple rules, such as the distribution of CBs among CBGs being based on a table determined by the number of CBGs and the TB size.
Observation 2: With a table-based CBG mapping, the initial transmission does not require explicit signalling of CBGs.  
Proposal 3: Consider implicit approaches for providing CBG A/N feedback reconfirmation, such as CRC scrambling.
Proposal 4: Consider implicit approaches for providing pre-emption indication reconfirmation, such as CRC scrambling.
Observation 5: Additional CRC scrambling for providing implicit CBG A/N or pre-emption reconfirmation has small impact on the error-detection performance. 
Proposal 6: The DCI overhead for CBG-based (re)-transmissions should be minimized with the use of implicit approaches for indicating CBGs being (re)-transmitted. 
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