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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
CBG based transmission has been confirmed in RAN1#88bis. The agreements were as follows [1],
	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

Agreements:
· HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers is supported.
· FFS: in case of CBG-based re-transmission.




For multiple HARQ-ACK feedback, there were some discussions in Spokane meeting (RAN1 NR Adhoc#1) as follows [2],
	Agreements:
· RAN1 will down select following options to utilize HARQ-ACK feedback with more than one bit per TB until the next meeting
· Option 1: CB-group based re-transmission (Samsung) 
· Option 2: Decoder state information feedback (Nokia)
· Option 3: CB-level outer erasure code (Qualcomm)
· Option 4: Any combination of Option 1-3
· Other options are not precluded



This contribution addresses the HARQ-ACK multiplexing for CBG-based transmission.
2. CBG-based retransmission
For eMBB and URLLC multiplexing case or eMBB data being interfered by URLLC case, it is inefficient to adopt an entire TB retransmission of the eMBB data. Therefore, it is appropriate for an eMBB UE to receive a TB partially interfered. A partial retransmission can be considered in NR for eMBB [3]. 
3. CBG-based HARQ-ACK feedback
Considering CBG-based retransmission, the retransmission resource granularity, i.e., CBG, is related to how UE generates HARQ-ACK feedback. CBG-based HARQ-ACK feedback can dynamically generates HARQ-ACK bits based on the number of scheduled CBGs, which also ensures UL coverage according to the actual amount of eMBB data.
Figure 1-1, 1-2a and 1-2b illustrate the possible HARQ-ACK feedbacks for CBG-based retransmission.
· Alt 1 (Figure 1-1), 
· if there is no DAI (Downlink assignment indication) for each CBG, the number of HARQ-ACK bits are fixed according to the number of CBGs in that TB
· Alt 2a (Figure 1-2a), 
· DAI indication is included for each CBG. If one of the CBG transmissions is interrupted by an upcoming URLLC burst, the DAI indices may be skipped by that CBG. Therefore, UE HARQ-ACK feedback is scaled down. 
· Alt 2b (Figure 1-2b),
· DAI indication is included for each CBG. However, if the coded bits/symbols are already prepared before the URLLC burst arrival and gNB is not intended to re-encode the follow-up CBGs after the URLLC burst, then the HARQ-ACK bits still kept the same as the number of CBGs.
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	(1-1). without DAI indication
Fixed number of HARQ-ACK bits
	(1-2a) with DAI indication
Variable number of HARQ-ACK bits
	(1-2b) with DAI indication
Fixed number of HARQ-ACK bits



Figure 1. HARQ-ACK bits based on actual amount of eMBB data 
Since Alt 1 and Alt 2b has similar gNB/UE complexity and performance, and Alt 2a can scale down the HARQ-ACK bits, it is proposed to always adopt a DAI indication for each CBG
Proposal 1: DAI indication for each CBG is included if CBG-based retransmission is configured.
4. Grouping CB(s) into CBG(s)
3 options are proposed in last meeting for grouping CB(s) into CBG(s).
For configurable number of CBs per CBG (option 2), it is flexible for UE/gNB to determine the size of coded bits for each CB. Consequently, the encoding/decoding processing time can be handled in a flexible way according to the UE/gNB capability.
For configurable number of CBGs (option 1), the number of HARQ-ACK bits can be handled in a deterministic way for each configuration. However, considering the DAI indication mechanism, it shall be also possible to indicate the actual number of CBGs being successful decoded by the UE.
Proposal 2: For grouping CB(s) into CBG(s), it is proposed that with configured number of CBs per CBG, the number of CBGs changes according to TBS (option 2).

5. Conclusion
Proposal 1: DAI indication for each CBG is included if CBG-based retransmission is configured.
Proposal 2: For grouping CB(s) into CBG(s), it is proposed that with configured number of CBs per CBG, the number of CBGs changes according to TBS (option 2).
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