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1 Introduction
In RAN1 #88bis, the following agreements on CBG-based (re)-transmissions were reached:

	No.
	Agreement

	1
	Agreements:
1. Confirm the working assumption as below.
0. CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:
0. Only allow CBG based (re)-transmission for the same TB of a HARQ process
0. CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB
0. CBG can include one CB
0. CBG granularity is configurable

	2
	Agreements:
1. The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.
1. The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.

	3
	Agreements:
1. For grouping CB(s) into CBG(s), the following options can be considered.
0. Option 1: With configured number of CBGs, the number of CBs in a CBG changes according to TBS.
0. FFS for the case of re-transmission or the case when the number of CBs is smaller than the configured number of CBGs
0. Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.
0. Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.
2. FFS: for the case of re-transmission
0. FFS on details of each option
0. FFS: CBG is approximately aligned with symbol(s)
0. Other options are not precluded



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 Multi-bit HARQ-Ack feedback HARQ design, in particular, some CBG construction aspects.
2 Discussion
2.1 CBG construction: Performance v/s overhead tradeoff
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/UCI 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/UCI 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/UCI overhead low, CBG construction should be based on simple rules.
Hence, simple CBG construction rules, such as a fixed number of contiguous CBs per CBG and variable number of CBGs depending on TB size, or a fixed number of CBGs but variable number of CBs per CBGs depending on TB size, with as few different CBG sizes as necessary, are highly desirable to keep the DCI/UCI overhead low. 
There is no RAN1 requirement on aligning CBs with symbol boundaries (see also [2]).  Then, in general, it is likely that some CBs span symbol boundaries, which also would make the corresponding CBGs (containing the aforementioned CBs) also span symbol boundaries. Furthermore, time/frequency resources available can vary from symbol to symbol (for instance, due to reference signals), so to maintain the DCI/UCI overhead low, it may often be the case that CBGs span multiple symbols.
[bookmark: p2]Proposal 2: CBG construction should not be constrained to keep CBGs aligned with symbol boundaries.
However, if each CB is forced to belong to a single CBG, there can be a substantial increase in the number of CBs that need to be re-transmitted in case of URLLC pre-emption and/or interference, as illustrated in an example in Figure 1.     


Figure 1. Example of CBs spanning symbol boundaries. CBGs are defined as CB0-5, CB6-10, … Interference in symbols 5 and 6 requires re-tx of CBGs 4,5,6, i.e., 15 CBs.
If some CBs can be part of multiple CBGs, such significant re-transmission overhead can be reduced, by allowing the CBs spanning the symbol boundaries to be part of the corresponding adjoining CBGs. This can entail a little increase in the UE’s Ack/Nack feedback, but can provide significant improvement in re-transmission. The gains corresponding to the example in Figure 1 are illustrated in Figure 2. 


Figure 2. Allowing boundary CBs to belong to multiple CBGs, e.g., with CBGs defined as CB0-5, CB5-10,…, reduces re-tx to CBGs 5,6 i.e, 11 CBs in total.

[bookmark: p3]Proposal 3: CBG construction should further consider some CBs belonging to multiple CBGs.
2.2 CRC considerations
In RAN1 #88bis, agreement was reached to have at least 1 CRC bit for each CB in a transport block. This also is applicable to when there is CBG-based transmission. One natural question arises whether there is further need for CBG-level CRC (in addition to or in lieu of TB-level CRC). Although having CBG-level CRC can be advantageous in further insuring integrity of the whole CBG, it is not clear how it can be meaningfully treated. If CBG-level CRC is considered part of the CBG payload, issues can arise during CBG re-transmission, where changes in resource allocation may require redefining CBGs for that transmission, which would rule out soft-combining with previous transmission; on the other hand, considering CBG-level CRC as a separate CB can be inefficient for larger CB sizes.  
[bookmark: o1]Proposal 4: CB-level CRC should only be provided in addition to TB-level CRC, in both cases where CBG or no CBG is configured.  
The original motivation of having CBG-based transmission is to reduce the chances of the need for whole TB re-transmission. To maintain that objective, it then becomes imperative that the CB-level CRC is strong enough to have high error-detection capabilities (for instance, like with 24-bit CB-level CRC in LTE).
[bookmark: p4]Observation 5: CB-level CRC should have enough bits to allow for high error-detection probability. 
3 Conclusions 
In this paper, we considered some design principles for CBG-based transmission with multi-bit HARQ schemes (in particular, CBG construction), and have the following proposals/observations:
Proposal 1: To minimize the DCI/UCI overhead, CBG construction should be based on simple rules.
Proposal 2: CBG construction should not be constrained to keep CBGs aligned with symbol boundaries.
Proposal 3: CBG construction should further consider some CBs belonging to multiple CBGs.
Proposal 4: CB-level CRC should only be provided in addition to TB-level CRC, in both cases where CBG or no CBG is configured.  
Observation 5: CB-level CRC should have enough bits to allow for high error-detection probability. 
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PDSCH symbol 0: CB 0, 1, 2, 3, 4, 5


PDSCH symbol 1: CB 5, 6, 7, 8, 9, 10
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PDSCH symbol 0: CB 0, 1, 2, 3, 4, 5


PDSCH symbol 1: CB 5, 6, 7, 8, 9, 10



