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Introduction
CBG-based HARQ operation shall be specified in NR Release 15 for both DL and UL data transmission/retransmission. Some details of CBG-based operation were agreed at the RAN1 #89 meeting as follows
Agreements:
· For DL CBG-based (re)transmission,
· Following information can be 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.
· FFS: timing of CBG-based (re)transmission.
· For grouping CB(s) into CBG(s), following is adopted.
· With indicated 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 indicated number of CBG 
· FFS “indicated” is realized by RRC, MAC, L1 signalling
· At least following is supported.
· For a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible.
· The difference of CB number per CBG between any two CBGs is either 0 or 1.
· FFS on the detailed rule for the CB grouping.
· Study further benefit and realization of non-uniform CB distribution across CBGs.

This contribution discusses DL control signaling enabling both DL and UL CBG-based HARQ operation. Other design aspects including UL control signaling and CBG construction are treated in companion contributions [1], [2].

Discussion
DL HARQ operation
For certain deployment scenarios a UE may be semi-statically, and independently, configured for DL and/or UL CBG-based HARQ operation. Regardless of whether or not CBG-based operation is configured, a common CB segmentation procedure is preferred. Again based on a common approach we assume that all CBs of a transport block (TB) are contained in an initial transmission of a transport block. Thus, for initial DL transmission of a TB, the UE decodes the received CBs, and generates an ACK for a CBG if CRC checksum passes for all CBs contained in the CBG. Otherwise, if at least one CB-level CRC checksum fails, the UE generates a NACK for the CBG. 
For initial transmission of a TB, the UE should be configured with the HARQ-ACK payload size for this TB, which may in turn depend on the number of CBGs indicated for initial transmission according to the agreement above. Given M CBGs in an initial transmission of a TB, the UE generates M HARQ-ACK bits corresponding to the M CBGs. The gNB upon receiving the HARQ-ACK feedback may schedule a partial or full retransmission of the same TB for this HARQ process. Two DL signaling solutions can be considered depending on the PUCCH format used for HARQ-ACK feedback. 
Scheme 1: A CRC may be generated and attached to the HARQ-ACK (or total UCI) payload as suggested in [3]. If the CRC checksum passes for the UCI transmission, the gNB may decide to retransmit only the CBGs indicated as NACK in the feedback report. If the CRC checksum fails, the gNB re-transmits the entire TB, i.e. all CBGs. With this approach, the DCI simply indicates to the UE whether the retransmission contains a partial transmission according to the HARQ-ACK feedback or whether the gNB scheduled a full retransmission of the TB. To minimize the DL signaling overhead with this solution, the maximum number of CBGs in an initial transmission is semi-statically configured by RRC signaling.
Proposal: if CRC is generated for HARQ-ACK feedback payload, the DCI scheduling a transmission can inform the UE whether the retransmission contains a subset of CBGs negatively acknowledged in the previous HARQ-ACK feedback for the same HARQ process, or whether the gNB retransmitted the entire TB.
Scheme 2: It has been agreed that RM coding is employed for UCI payloads ranging from 3 to 11 bits, whereas polar coding is employed for greater than 11 bits. CRC attachment is not applied for RM coding while it is still under investigation whether to generate or omit CRC for UCI payloads up to 22 bits. If CRC is not generated for HARQ-ACK feedback, the DCI should indicate the subset of CBGs contained in a HARQ retransmission as ACK-to-NAK and DTX errors may result in misalignment between the gNB and UE on what is retransmitted. A CBG indication field (CBGI) can be added to the DCI scheduling a CBG-based retransmission. Each bit indicates whether the corresponding CBG is contained in the scheduled retransmission. 
Proposal: at least when CRC is not generated for the HARQ-ACK payload, a CBG indication field can be configured in a DL DCI format to indicate the subset of CBGs contained in a HARQ (re)transmission. 

Note that the CBGI field is not needed for a DCI scheduling an initial HARQ transmission. This implies that separate DCI formats can be considered for initial and subsequent transmissions of the same TB. The downside to this optimization is that the UE needs to blindly decode both payload sizes because, even for a successfully decoded TB, NACK-to-ACK feedback error would result in a new transmission of the same HARQ process whereas the UE is expecting a retransmission of the previous TB. Alternatively, the CBGI field could always be present in the DCI when a UE is configured for DL CBG-based transmission. In this case, for initial transmission the CBGI field can be reserved.
The signaling overhead associated with CBG-based transmission can be reduced by reusing some information fields in the DCI. For instance, the CBG indication and NDI can be jointly signaled by an M-bit field when M CBGs are configured for initial transmission. As an example, the all zero state for this field may indicate an initial transmission. A bit value of ‘1’ in any bit position of this field indicates a retransmission of the corresponding CBG. This implies that the ‘all ones’ state indicates a full retransmission of the TB. Figure 1 shows the HARQ related DCI overhead per spatial codeword for jointly signaling NDI and CBGI.




[bookmark: _Ref480984206]Figure 1 HARQ related DCI overhead with joint signaling of NDI and CBG indication
Note that this joint signaling is only required at the physical layer. To reduce the impact to higher layers, when the UE detects a DCI with NDI/CBGI field of all zeros, the UE reports a toggled NDI bit to the MAC layer. Conversely, when the NDI/CBGI field contains a bit value of ‘1’ in at least one position of this field the UE reports that the NDI value is not toggled to the MAC layer.

Proposal: The NDI and CBG indication can be jointly signaled in a DCI scheduling a CBG-based HARQ transmission

A second aspect from the RAN1 #89 agreements is how to indicate in the DCI which CBG(s) is/are handled differently for soft-buffer/HARQ combining when a data transmission is pre-empted by a second transmission of different duration and/or latency requirement. One solution would be to add a pre-emption indication field in the DCI scheduling a retransmission, where each bit of this field indicates whether the CBG should be flushed from the HARQ buffer before HARQ combining. However, it should be noted that a UE may also be configured to monitor for a separate PDCCH containing a pre-emption indication, where this second PDCCH is different from the PDCCH scheduling a retransmission of a given TB. Rather than duplicate signaling functionality the UE may be configured with both CBG-based operation and monitoring of DL pre-emption indication.

Nevertheless, an implicit pre-emption indication may be possible if a PDCCH scheduling a retransmission can be sent before the scheduled HARQ-ACK feedback timing corresponding to a received HARQ transmission. Specifically, if a UE detects a PDCCH scheduling a retransmission of a HARQ process before the scheduled HARQ-ACK feedback of a previous transmission of the same HARQ process, the UE may assume that the CBGs indicated in this subsequent transmission were missing or corrupted in the earlier transmission. In this case the UE may choose to flush the HARQ buffer for the given subset of CBGs rather than combine buffer contents with this subsequent transmission. No additional specification is required as it is up to UE implementation whether or not to combine parts of the soft buffer content with CBGs contained in a subsequent transmission.  Moreover, scheduling timing of the subsequent transmission is up to the gNB scheduler.

UL HARQ operation
The UL CBG-based HARQ transmission is somewhat different compared to the DL scenario. A UE may be scheduled with an UL grant or it may be configured with a grant-free resource for UL transmission. Decoding failure at the gNB receiver may be caused by one of the following events:
(a) Poor channel/interference conditions
(b) Collision of UL transmissions from two or more UEs on the same physical resources
(c) Intra-UE puncturing of an ongoing UL transmission by a transmission of a different duration/type. 

For the first two cases, the UE is unaware of a possible UL transmission failure issue unless it receives a negative acknowledgement from the gNB. Therefore, at least for grant-based UL CBG-based transmission, the gNB should explicitly request a retransmission of a subset of CBGs in the UL grant. 
Proposal: for scheduled CBG-based UL transmission, the gNB may request a subset of CBGs in an UL grant scheduling a retransmission of a TB for the same HARQ process.
In our view intra-UE puncturing is not expected to be a typical mode of operation. However, if this scenario is considered likely, prioritization of UL channels needs to be further considered for the following cases,
1) Case 1: prioritization when a scheduled PUSCH partly overlaps with a grant-free PUSCH 
2) Case 2: prioritization in case of power limitation when a scheduled PUSCH does not overlap with a grant-free  PUSCH
Proposal: prioritization rules should be specified if collision occurs between PUSCH transmissions of different durations from the same UE.

Other aspects
If a UE is semi-statically configured for CBG-based HARQ-ACK feedback, it is desirable to support fallback to TB-based feedback in some cases such as during RRC reconfiguration. In addition to fallback, there may be cases where TB-based HARQ-ACK feedback is beneficial when a UE is configured for CBG-based transmission. For example, in unpaired spectrum a UE may be scheduled to transmit HARQ-ACK feedback for one or more DL transmissions. Depending on the payload size of the configured PUCCH format and the number of DL transmissions requiring HARQ acknowledgement, the network may dynamically switch between TB-based feedback and CBG-based feedback. Alternatively, UE behavior may be fixed by specification.
Proposal: for a UE configured for CBG-based transmission, dynamic switching between CBG-based and TB-based HARQ-ACK feedback should be considered.
A UE may be configured with multiple serving cells in either CA or DC deployments. Given that the HARQ-ACK payload scales with the number of configured serving cells, CBG-based configuration should be serving cell-specific.
Proposal: configuration of CBG-based HARQ transmission is serving cell specific.

Conclusion
This contribution discussed DL control signaling for both DL and UL CBG-based HARQ operation. In conclusion we propose that: 
· When CRC is generated for HARQ-ACK feedback, the DCI scheduling a transmission can inform the UE whether the retransmission contains a subset of CBGs according to the HARQ-ACK feedback or whether the gNB scheduled a full retransmission of the TB.
· At least when CRC is not generated for the HARQ-ACK payload, a CBG indication field can be configured in a DL DCI format to indicate the subset of CBGs contained in a HARQ (re)transmission.
· The NDI and CBG indication can be jointly signaled in a DCI scheduling a CBG-based HARQ transmission
· For scheduled CBG-based UL transmission, the gNB may request a subset of CBGs in an UL grant scheduling a retransmission of a TB.
· Prioritization rules should be specified if collision occurs between PUSCH transmissions of different durations from the same UE.
· For a UE configured for CBG-based transmission, dynamic switching between CBG-based and TB-based HARQ-ACK feedback should be considered.
· Configuration of CBG-based HARQ transmission is serving cell specific.
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