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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 DL control signaling agreements is given below:
	Agreements:
· At least for single CW case, at least support that the maximum number of CBGs per TB is indicated by RRC signaling
· FFS whether also support to indicate the number of CBGs per TB by L1 signaling
· For DL CBG-based (re)transmission,
· Following information can be separately 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
· At least for single CW case
· The maximum number N of CBG(s) per TB is configured by RRC signaling
· The number M of CBG(s) in the TB equals to min(C, N), where C is the number of CB(s) within the TB.
· For CBG construction
· The first Mod(C,M) CBG(s) out of total M CBG(s) include ceil(C/M) CB(s) per CBG 
· The remaining M-Mod(C,M) CBG(s) include floor(C/M) CB(s) per CBG. 
· For multiple CW cases, the following can be considered.
· Option 1. The gNB configures the maximum number of CBGs per TB.
· Each TB has the same maximum number of CBGs.
· Option 2. The gNB configures the maximum number of CBGs per TB.
· Each TB can be configured with different/same maximum number of CBGs.
· Note: the gNB configures two parameters on the maximum number of CBGs per TB to the UE.
· Option 3. The gNB configures the maximum number of CBGs to be shared by both CWs. 
· FFS: How to divide the total number of CBGs to two CWs
· For the purpose of further discussion, we conclude following:
· For the following discussion on CBG-based retransmission, define the terms CBGTI and CBGFI as below. 
· CBGTI (CBG transmission information) means information on which CBG(s) is/are (re)transmitted and, 
· CBGFI (CBG flushing out information) means information on which CBG(s) is/are handled differently for soft-buffer/HARQ combining
· At least following is supported for DL CBG-based (re)transmission.
· A DCI includes both CBGTI and CBGFI.
· For single CW case, when N is the maximum number of CBGs configured by RRC
· N bits for CBGTI, and the other 1 bit for CBGFI
· FFS: whether re-interpret NDI as CBGFI
· FFS: whether CBGTI is re-interpreted as NDI 
· FFS: whether jointly using other field as CBGTI or CBGFI
· FFS on multiple CW case.
· At least following is supported for DL and UL CBG-based (re)transmission.
· A DCI includes CBGTI.
· For single CW case, N bits for CBGTI as configured by RRC
· FFS: whether CBGTI is re-interpreted as NDI 
· FFS: whether NDI is re-interpreted as CBGTI
· FFS: whether jointly using other field as CBGTI



Some of the open issues enumerated in this summary were briefly discussed in our previous contributions [1], [2]. The present document provides some further discussion taking into account the agreements at RAN1 #90. 
Discussion
On signaling of NDI, CBG transmission and flushing indicators
Regarding 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. As discussed in [1], 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 CBGTI and CBGFI and configured, a total of N + 1 bits would 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. [1], 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 indicates to the UE to flush the soft buffer of the contents corresponding to a given HARQ process. If a given HARQ transmission is pre-empted by a second transmission, the UE would combine the soft bits in this with whatever is already in the buffer. This would lead to buffer corruption and can be solved by the gNB toggling the NDI bit so that the UE to flushes the buffer. The gNB can always then re-send the TB in a subsequent transmission. 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.

Note that CBGFI is not applicable for UL CBG-based operation as the gNB is in full control of scheduling and HARQ timing. Moreover, we do not see a strong use case for UL pre-emption (see discussion in [4]). 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. 
Signaling of TBS and MCS for CBG-based operation
In LTE, the MCS index of a DCI indicates the modulation order and the TBS index. For a retransmission, MCS indexes 28 – 31 can be used to indicate the modulation order whereas the TBS is assumed to be the same as the TBS indicated in the last PDCCH scheduling the same TB. Although LTE also allows a retransmission with MCS index from 0 – 27, the resource allocation must be such that the same TBS is determined. This flexibility would not apply in NR as a partial retransmission may utilize fewer physical resources than transmission of the full TB for the same coding rate. In addition, the TBS determination in NR may not use the table approach of LTE. Therefore, the DCI scheduling CBG retransmission of a TB may only indicate the MCS but not the TBS.
Proposal 3: a DCI scheduling a CBG-based retransmission of a TB may only indicate the MCS but not the TBS.

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 multiple PDSCHs. 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 4: 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 is generated.
Proposal 5: 
· 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: a DCI scheduling a CBG-based retransmission of a TB may only indicate the MCS but not the TBS.
Proposal 4: Dynamic codebook adaptation is supported for large HARQ-ACK payloads and CBG-based operation.
Proposal 5: 
· 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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