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1	Introduction
In RAN1#88bis, the following has been agreed regarding CBG-based (re-)transmissions with single/multi-bit HARQ-ACK feedback.
Agreements:
· Confirm the working assumption as below.
· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:
· Only allow CBG based (re)-transmission for the same TB of a HARQ process
· 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
· CBG can include one CB
· CBG granularity is configurable
Agreements:
· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.
· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.
Agreements:
· For grouping CB(s) into CBG(s), the following options can be considered.
· Option 1: With configured 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 configured number of CBGs
· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.
· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.
· FFS: for the case of re-transmission
· FFS on details of each option
· FFS: CBG is approximately aligned with symbol(s)
· Other options are not precluded

There is also consideration on using the same mechanism to handle the (re-)transmission of the pre-empted PDSCH of eMBB UEs in case of eMBB/URLLC multiplexing in DL, as discussed in our companion contribution [1].
In this contribution, we discuss the further details regarding the CBG-based (re-)transmission.
2	CBG grouping
For CBG-based transmission with single/multi-bit HARQ-ACK feedback, the general assumption is that there is one HARQ-ACK feedback bit per CBG. So the number of CBGs will determine the number of HARQ-ACK feedback bits for a TB. The CBG size determines the granularity of the retransmission, which affects the performance gain from the CBG-based retransmission. So there is a tradeoff between the feedback overhead and performance gain. In addition, the complexity should also be taken into account.
[bookmark: _GoBack]There are 3 options that have been identified to group CB(s) into CBG(s). Option 1 results in a fixed number of HARQ-ACK feedback bits per TB, while Option 2 and option 3 result in a variable number of HARQ-ACK feedback bits per TB. It has been agreed in RAN1#88bis that HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers is supported. As discussed in our companion contribution [2], it becomes necessary to support dynamic DL association set and HARQ-ACK codebook size when the HARQ-ACK timing is dynamically indicated. Correspondingly, mechanisms are necessary to handle error cases when one or more DL assignments are not successfully received. In LTE, DAI has been used for error case handling. When the number of HARQ-ACK bits per TB is variable, larger range of variation would require more states for DAI (i.e. larger overhead in DCI) to avoid ambiguity. Even though it has not been discussed in NR whether a similar mechanism would be used, it is generally expected that a variable size would be more complicated to handle, especially if the maximum size is not a small value. So from this perspective, fixed number of HARQ-ACK feedback bits per TB has its advantage.
Here we analyze the pros and cons of the 3 options:
Option 1 (With configured number of CBGs, the number of CBs in a CBG changes according to TBS):
· Fixed number of HARQ-ACK feedback bits per TB can make the error case handling easier (or less DCI overhead) when HARQ-ACK bits are multiplexed across multiple slots.
· There may be some unused bits in HARQ-ACK feedback when the number of CBs in a TB is less than the configured number of CBGs. This may be considered as unnecessary overhead.
· However, if the states are predefined for these unused bits, the decoder can use the a priori info in decoding, and the performance should not be affected much.
· It sometimes may need a larger PUCCH container than necessary. But the container and PUCCH resource should be configured according to the worst case scenario, so this should not be an issue.
Option 2 (With configured number of CBs per CBG, the number of CBGs changes according to TBS.)
· Variable number of HARQ-ACK feedback bits per TB can make the error case handling more difficult (or larger DCI overhead) when HARQ-ACK bits are multiplexed across multiple slots.
· It is somewhat challenging to configure the appropriate value for the number of CBs per CBG.
· If the CBG size is configured too small, it can potentially have a large number of CBGs, or a large number of HARQ-ACK bits, for large TBS.
· We could put a limit on the max number of CBGs, but that would essentially become a flavor of option 3.
· If the CBG size is configured too large, the benefit of CBG-based retransmission would be limited for smaller TBSs as there are very few number of CBGs.
Option 3 (The number of CBGs and/or the number CBs per CBG are defined according to TBS)
· Variable number of HARQ-ACK feedback bits per TB can make the error case handling more difficult (or larger DCI overhead) when HARQ-ACK bits are multiplexed across multiple slots.
· It would require some kind of mapping table between TBS and (the number of CBGs and/or the number of CBs per CBG). We already agreed that CBG granularity is configurable, so some configurability would be required for creating some a mapping table.
· It is reasonable to assume that a max number of CBGs would be configured, which can be applied to large TBSs. Then as TBS becomes smaller, we can start to use smaller number of CBGs.
· The exact rules of when to use smaller number of CBGs would be a tradeoff between the performance gain and the HARQ-ACK feedback overhead.
· As one extreme case, a smaller number of CBGs is used only when the number of CBs in a TB is less than the max number of CBGs. This would be very similar to Option 1.
· Other intermediate mapping tables can also be defined so that smaller number of CBGs is used even when the number of CBs in a TB is larger than the max number of CBGs. This would sacrifice some performance gain for less feedback bits compared to the extreme case above.

With these considerations, it appears that option 2 is not a good option as it does not have obvious advantages over the other two options but has its own disadvantages.
Between option 1 and option 3, option 3 provides more control at the gNB on what tradeoff to achieve between the performance and the overhead. However, it comes with additional complexity associated with the variable feedback size. Moreover, our previous simulation results [3] showed that in majority of the cases the number of CBs in error is small so it is beneficial to use a large number of CBGs when possible. This points to the direction of option 1. And the potential disadvantage of option 1 in terms of unused HARQ-ACK bits in small TBS cases can be overcome by using a priori info at the decoder. Therefore, we propose:
Proposal 1: For grouping CB(s) into CBG(s), option 1 (with configured number of CBGs, the number of CBs in a CBG changes according to TBS) is adopted.
3	Alignment of CBGs with OFDM symbols
From performance point of view, it is generally beneficial to have the CBG boundaries aligned with OFDM symbols. CB decoding errors can occur e.g. due to the bursty interference in one or more OFDM symbols, or if some resources are punctured by mini-slot-based higher priority traffic. In these cases, alignment of CBG with OFDM symbols would allow more efficient CBG-based (re-)transmissions.
On the other hand, the feasibility/performance of such a scheme should also be considered.
The max CB size has been defined to be 8448. If we use the max CB size for segmentation, it is not possible to automatically align the CBGs with OFDM symbols. In order to achieve the alignment, the TB needs to be segmented based on the number of bits carried in each symbol based on the allocated resources/MCS and the number of CBGs. This means that the CB size would typically be smaller than the max CB size, resulting in less coding gain. In addition, it may have implications on the transmitter chain because it requires segmentation, CRC attachment, and padding to be done only after the scheduler decision.
Overall this would need further investigation, and such discussion would be best to occur under the channel coding agenda item.
Observation: The potential alignment of CBGs with OFDM symbols should be discussed under the channel coding agenda item.
4	Conclusion
In this contribution, we have discussed some open issues related to CBG-based (re-) transmissions, with the following proposal and observation:
Proposal: For grouping CB(s) into CBG(s), option 1 (with configured number of CBGs, the number of CBs in a CBG changes according to TBS) is adopted.
Observation: The potential alignment of CBGs with OFDM symbols should be discussed under the channel coding agenda item.
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