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Introduction
Several details of CBG-based HARQ operation were finalized at the RAN1 #90 meeting covering DL/UL control signaling and CBG construction. A summary of the agreements from that meeting can be found in [1]. Regarding signaling of the number of CBGs and DCI payload size the following was agreed at the RAN1 AH_#NR3 meeting:
Agreements:
· For a UE configured with CBG-based (re)transmission, the same DCI payload size is assumed for initial transmission and retransmission for the same TB(s)
· Note that this does not intend to address fallback DCI aspect
· L1 signalling to indicate the number of CBGs per TB is not supported in Rel-15

Several open issues remain, some of which were summarized at the previous meeting and shown below for convenience:
· Signaling of NDI and CBGTI in the DCI
· Signaling of NDI and CBGFI in the DCI
· Maximum configurable number of CBGs 
· Number of CBGs for multiple CW case
· Handling of TB CRC check fail case 
· Support of TB level A/N feedback 
This contribution addresses these open issues and is an update of R1-1715826.
Discussion
On signaling of NDI, CBG transmission and flushing indicators
Regarding the CBG transmission indication (CGTI) field, it was agreed that an indication of which CBG(s) is/are retransmitted can be configured in the scheduling DCI. If DL HARQ-ACK feedback corresponding to CBG-based DL transmission is CRC protected (based on a target FAR), it may not be necessary to include a length-N CBGTI field in the DCI, where N is the maximum number of CBGs configured by RRC signaling. Rather, a 1-bit field is sufficient to inform the UE whether a retransmission contains the full TB or a partial TB as recommended by the previously received HARQ-ACK feedback for the same TB. 
However, one interpretation of the CBGTI agreement is that regardless of whether or not HARQ-ACK feedback is CRC-protected or not, the gNB can configure a CBGTI field. This in our view would be unnecessary DL signaling overhead when HARQ-ACK is CRC protected.
Observation: configuring a CBGTI field in DCI of length equal to the maximum number of configured CBGs is an unnecessary overhead when the HARQ-ACK feedback is CRC protected.
When both CBGTI and CBG flushing indicator (CBGFI) are configured, total of (N + 1) bits could be included in the DCI scheduling CBG-based HARQ (re)transmission of a TB. It is an open question whether an additional explicit bit is required for NDI or whether NDI can be jointly signaled with NDI or alternatively, the NDI fulfils the function of CBGFI. 
1) Option 1: NDI/CBGTI field + CBGFI. A first solution can be the joint indication of NDI and CBGTI. As described in e.g. [2], this can be accomplished by defining the all zero state as an initial transmission, and a bit value of ‘1’ in any position of the CBGTI field as a retransmission of the corresponding CBG. This implies that the ‘all ones’ state indicates a full retransmission of the TB. To avoid the case of missing DCI, the all zero state and all ones state can be toggled to indicate new transmission or retransmission as also mentioned in [3]. Note that this joint signaling is only required at the physical layer. TB-level NDI is reported to higher layers depending on the toggling of the all ones or all zeros stage of the CBGI-NDI field. For this solution 1 bit is used to indicate the CBGFI if configured. However, if the CBGFI is not configured, this bit can be used for NDI.

2) Option 2: CBGTI + NDI/CBGFI. A second possible solution is a dedicated CBGTI field and a 1-bit field for joint indication of NDI and CBGFI. In this case, toggling of the NDI/CBGFI bit may indicate to the UE to flush the soft buffer of the contents corresponding to a given HARQ process (or more generally the UE is informed whether the currently received data can be combined with the contents of the soft buffer). As noted in [4], the combination of CBGTI field and NDI/CBGFI field is sufficient to indicate UE behavior. For instance, when CBGTI indicates a full transmission, NDI/CBGFI field toggling indicates a new TB or retransmission of the previously scheduled TB. On the other hand, when CBGTI indicates a partial retransmission, NDI/CBGFI toggling can be used to indicate whether or not the soft buffer contents can be combined with the received data. Note that if CBGTI is not configured to be included in the DCI, the DCI field size is similar to the case when DL CBG operation is not configured.

CBGFI is not applicable for UL CBG-based operation as the gNB is in full control of scheduling and HARQ timing. Our preference is for Option 1 given the flexibility to jointly indicate NDI and CBGTI when CBGFI is configured.
Proposal 1: when CBGTI and CBGFI are both configured for a DCI scheduling a CBG-based transmission, the CBGTI/NDI are jointly signalled by the same field and an additional bit is used for CBGFI if configured. Otherwise if CBGFI is not configured, separate fields are used for CBGTI and NDI.

Support of 2CW transmission
When a UE is configured for DL CBG-based operation and is configured to receive up to 2 CWs in a PDSCH, separate CBG indication fields per CW would lead to excessive signaling overhead. Specifically, 2 (N + 1) bits would be required by doubling the number of bits required for single CW transmission. One possibility is to split a fixed total number of bits provisioned for CBG-based operation between each CW. A second option is to consider common CBG indications for both TBs. We note that operation with 2 CWs is not likely in many scenarios since it implies more than 4-layer transmission. Therefore we do not see a need to optimize for 2CW transmission. As such, fixing the total number of CBG indication bits and splitting between the codewords is sufficient.
Proposal 2: the total number of CBGTI bits configured in DCI for DL CBG-based (re)transmission is constant  irrespective of whether PDSCH with one or 2 CWs is scheduled. 

Remaining details of UL control signaling
Some agreements on UL control signaling were achieved at the RAN1 #90 meeting as follows,
Agreements:
· For single CW case with CBG based retransmission for the semi-static codebook with HARQ-ACK multiplexing, at least following is supported for the HARQ-ACK composition and mapping per TB
· HARQ-ACK codebook includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s))
· At least followings are supported
· HARQ-ACK payload size is the same with the configured number of CBGs
· Each HARQ-ACK bit corresponds to each CBG
· FFS payload size reduction
· ACK is reported for a CBG if the same CBG has been successfully decoded
· FFS how to handle the case if TB CRC check is not passed while CB CRC check is passed for all the CBs

Per the RAN1 coding agreement, if the total HARQ-ACK payload is between 3 and 11 bits the UE encodes the HARQ-ACK payload using RM coding. Note that this is a likely scenario given that for up to 4 layers a UE is scheduled with only 1 codeword. Thus, semi-static codebook adaptation using RM coding can be the baseline when the maximum number of CBGs is less or equal to 11. 
There are other likely scenarios with significantly larger total HARQ-ACK payload size in a given feedback occasion. For instance, a UE may be scheduled to transmit HARQ-ACK feedback corresponding to more than one PDSCH. RAN1 has agreed to employ polar coding when the total HARQ-ACK payload size is greater than 11 bits. Here, dynamic codebook adaptation may be more appropriate to match the HARQ-ACK payload to what needs to be fed back. 
Proposal 3: Dynamic codebook adaptation is supported for large HARQ-ACK payloads and CBG-based operation.
For dynamic codebook adaptation an issue may arise, where for a given HARQ retransmission of a TB, the CRC checksum passes for all CBs of a TB but the TB-level CRC checksum fails. In this case it should be possible for a UE to request a retransmission of the entire TB. One solution is that codebook adaptation is based on the number of PDSCHs but for each PDSCH a fixed number of HARQ-ACK bits would be generated.
Proposal 4: 
· Dynamic codebook adaptation for CBG-based operation is based on the number of PDSCHs scheduled for HARQ-ACK feedback, where HARQ-ACK payload size is fixed for each PDSCH.
· The UE can request a retransmission of a TB if CRC checksum passes for all CBs of the TB but the TB-level CRC checksum fails. 
Conclusion
This contribution discussed several open issues for CBG-based operation. The outcome of the discussion is captured by the following observation and proposals: 
Observation: configuring a CBGTI field in DCI of length equal to the maximum number of configured CBGs is an unnecessary overhead when the HARQ-ACK feedback is CRC protected.
Proposal 1: when CBGTI and CBGFI are both configured for a DCI scheduling a CBG-based transmission, the CBGTI/NDI are jointly signalled by the same field and an additional bit is used for CBGFI if configured. Otherwise if CBGFI is not configured, separate fields are used for CBGTI and NDI.
Proposal 2: the total number of CBGTI bits configured in DCI for DL CBG-based (re)transmission is constant  irrespective of whether PDSCH with one or 2 CWs is scheduled. 
Proposal 3: Dynamic codebook adaptation is supported for large HARQ-ACK payloads and CBG-based operation.
Proposal 4: 
· Dynamic codebook adaptation for CBG-based operation is based on the number of PDSCHs scheduled for HARQ-ACK feedback, where HARQ-ACK payload size is fixed for each PDSCH.
· The UE can request a retransmission of a TB if CRC checksum passes for all CBs of the TB but the TB-level CRC checksum fails. 
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