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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 and are captured in [1]. Further agreements at RAN1 #NR_AH2 include
Working assumption:
· For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).
Agreements:
· For CBG-based (re)transmission, the DCI scheduling CBG-based (re)transmission carries single RV field for the transport block.

To make further progress, an email discussion [2] was conducted after the RAN1 #NR_AH2 meeting to capture the main issues for downlink and uplink control signaling with a view to down-selection in this meeting, which are listed below for convenience,
· For the indicated number of CBGs per TB where “indicated” is realized by RRC, MAC, L1 signalling, the following options are considered for down-selection in RAN1#90. 
· Option 1. RRC signaling (for bit-field size)
· Option 2. L1 signaling (for indication the number of CBGs per TB) + RRC signaling (for bit-field size) 
· Option 3. both Option 1 and Option 2 
· To determine the number of CBG HARQ-ACK bits per TB, the following options are considered for down-selection in RAN1#90.
· Option 1. A UE transmits HARQ-ACK bits only for scheduled CBGs.
· “scheduled CBGs” means the CBGs scheduled in a (re)transmission
· Option 2. A UE transmits HARQ-ACK bits for indicated CBGs.
· FFS: “indicated” is realized by RRC, MAC, L1 signalling
· Option 3. both Option 1 and Option 2 by configuration
· For DL CBG-based (re)transmission, when information on which CBG(s) is/are (re)transmitted is configured to be included in the DCI, the following options are considered for down-selection in RAN#90.
· Option 1. TB-level NDI is jointly encoded with the information on which CBG(s) is/are (re)transmitted 
· Option 2. There is separate 1-bit bit-field for TB-level NDI.
· When CBG-based retransmission is configured, TB-level HARQ-A/N is supported and at least following options can be considered for down-selection in RAN1#90. 
· Option 1. Add 1 bit upon CBG-level HARQ-ACK bits 
· Option 2. Use all NACK of CBG-level HARQ-ACK bits
· Option 3. Use different PUCCH format or PUCCH resource
· For HARQ-ACK codebook for CBG-based retransmission, the following options are considered for down-selection in RAN1#90.
· Option 1. Dynamic codebook determination for multiple PDSCHs
· Option 2. Semi-static codebook determination for multiple PDSCHs
· Option 3. both Option 1 and Option 2 by configuration

This contribution addresses the DL control signaling aspects for CBG-based HARQ operation. A companion contribution discussed UL control signaling aspects [3].
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. 

Signaling the number of CBGs in a HARQ transmission
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. 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.  Here we consider the three options discussed in [2].
In Option 1 the UE may be configured with the maximum number of CBGs, denoted here as M, that can be transmitted for a TB. A length-M bitmap is added to the DCI format to indicate which CBGs are contained in a HARQ (re)transmission of a TB. A limitation of this approach is that the DCI overhead scales with the number of CBGs. 
Option 2 proposes to eliminate the DCI penalty of Option 1 by exploiting the use of CRC in HARQ-ACK feedback. Specifically, a CRC is generated and attached to the HARQ-ACK (or total UCI) payload. 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. Otherwise, if the CRC checksum fails, the gNB re-transmits the entire TB, i.e. all CBGs. Hence, only 1 bit is required in the DCI to indicate to the UE whether the gNB followed the HARQ-ACK feedback report or whether the gNB retransmitted the entire TB again. Thus the difference in DCI overhead is 1 bit versus M bits in Option1. 
It should be noted that per RAN1 agreement on using repetition, simplex or RM coding for UCI payload sizes below 12 bits, CRC may be generated for practical CBG HARQ-ACK bits (e.g. M = 10). Therefore, the DCI in such cases 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. Secondly, this would anyway be the case for UL HARQ operation as the UL grant would always have to indicate which CBGs are contained in a HARQ transmission.
Proposal: if a UE is configured for DL or UL CBG operation the maximum number of CBGs contained in a HARQ transmission is configured and defines the size of a CBG indication field in the DCI format scheduling DL assignment or UL grant respectively. 

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.
NDI mechanism for CBG operation
The signaling overhead associated with CBG-based transmission can be reduced by reusing some information fields in the DCI. One topic in the email discussion of [2] is whether to jointly indicate NDI and CBGI for a TB or to have separate NDI and CBGI fields in the DCI. In our view the joint indication is as effective as separate indication with the added merit of saving an additional bit for each scheduled TB. 

Given a maximum of M CBGs a length-M CBGI-NDI field can be defined in the DCI as shown in Figure 1. 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. 

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 [4].




[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. 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.

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

Handling of CBGs for HARQ combining
An outstanding issue from the RAN1 #89 meeting 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 was also agreed that a UE may be independently configured to monitor for a DL pre-emption indication carried in a group common DCI on PDCCH. Rather than duplicate signaling functionality, and also further increase DCI overhead, 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.
Proposal: no explicit pre-emption indication field is contained in a DCI scheduling a DL assignment.

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 at least for RRC reconfiguration. This is related to aIn 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 is FFS.
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: 
· If a UE is configured for DL or UL CBG operation the maximum number of CBGs contained in a HARQ transmission is configured and defines the size of a CBG indication field in the DCI format scheduling DL assignment or UL grant respectively.
· 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.
· The NDI and CBG indication can be jointly signaled in a DCI scheduling a CBG-based HARQ transmission
· 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 is FFS.
· Configuration of CBG-based HARQ transmission is serving cell specific.
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