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Introduction
At the RAN1 #88bis meeting a working assumption on CBG-based transmission with single/multi-bit HARQ-ACK feedback was confirmed as follows
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

Furthermore, it was agreed that a UE is semi-statically configured by RRC signaling for CBG-based transmission, where this CBG-based operation is independently configured for UL and DL. This contribution discusses several outstanding details needed to fully specify CBG-based DL HARQ transmission. UL aspects of CBG-based operation are treated in a different contribution [1].

DL CBG-based HARQ transmission
Code block segmentation has been agreed for NR similarly to LTE. A transport block (TB) with size greater than the maximum code block size would be segmented into multiple code blocks. When a UE is configured for DL CBG-based HARQ transmission, the UE reports CBG-level HARQ-ACK in response to a detected PDSCH transmission. 
Assume that M HARQ-ACK bits are available to the UE to report decoding status for M CBGs. At the decoding stage, the UE groups the received CBs into M CBGs and reports an ACK per CBG if all CBs constituting this CBG are successfully decoded. Otherwise, it reports a NAK for the CBG.  The gNB upon receiving the HARQ-ACK feedback may schedule a partial or full retransmission of the same TB for this HARQ process. For ideal HARQ-ACK feedback, the UE may assume that the gNB followed its recommendation and the retransmission only contains the erroneous CBGs reported in the corresponding HARQ-ACK feedback. However, this is not generally the case as, due to feedback error, ACK-to-NAK and DTX errors are possible. Therefore, the gNB should indicate what subset of CBGs is contained in a HARQ transmission, namely, full/partial retransmission or new transmission. 
Proposal: when semi-statically configured for CBG-based DL transmission, a UE is explicitly informed of which CBGs are contained in a DL HARQ transmission.
As such, efficient DL and UL signaling mechanisms are required for indicating CBGs contained in a DL (re)transmission and the corresponding HARQ-ACK payload respectively. These mechanisms should be designed in conjunction with CBG construction, where the following methods were agreed at RAN1 #88bis for further study:
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

CBG construction 
Option 1: configured number of CBGs
For Option 1 of the possible CBG construction methods, a UE is semi-statically configured with the number of CBGs, denoted here as M. Thus, the number of CBs in a CBG varies according to the TB size. A simple example of CBG construction is shown below for illustration. 
Assume C code blocks in a TB such that the remainder. The number of CBs in CBG k is given by 

To have the same understanding between the gNB and UE on what was transmitted, 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 transmission. Note that this 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. 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 one 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.

For HARQ-ACK feedback, semi-static HARQ-ACK codebook adaptation is one solution since the number of CBGs is semi-statically configured. However, it should be noted that the total HARQ-ACK payload size also depends on the number of spatial codewords and the number of PDSCHs requiring acknowledgement in the same feedback occasion.  As such dynamic codebook adaptation should be considered to minimize the HARQ-ACK payload. For instance, the number of HARQ-ACK bits should be reduced if the number of CBs in a TB is less than M. Similarly, the HARQ-ACK codebook should be adapted based on the number of CBGs acknowledged for an associated DL retransmission. However, it is not recommended to dynamically change the CBGI field in the DCI based on the number of CBGs and/or CBs. A more comprehensive treatment of HARQ-ACK multiplexing considering other aspects such as multiple DL serving cells, different TTI lengths and numerologies is presented in [2]. 
Proposal: if the number of CBGs is semi-statically configured, 
· The NDI and CBG indication can be jointly signaled in a DCI scheduling a CBG-based HARQ transmission
· Dynamic or semi-static HARQ-ACK codebook adaptation can be considered if the number of CBGs is semi-statically configured. 


Option 2: CBG construction based on a semi-statically configured number of CBs per CBG
For Option 2 a UE can be semi-statically configured with the CBG size in units of CBs. This implies that the number of CBGs varies according to the TB size. As such it is more difficult to determine the size of the CBG indication field in the DCI. Setting the value based on the maximum TB size may incur an unacceptable penalty in signaling overhead. 
An alternative solution is to embed indication of scheduled CBGs in the PDSCH. Given a maximum of L CBs per CBG, a CBG information field containing at least the index of the CBG according to mapping to the TB can be separately encoded and multiplexed with the coded data in each CBG. Rate matching may be performed to ensure that the CBGI field and CBs in a CBG are mapped to the physical resources allocated for each CBG. An illustration is shown in Figure 2, where the CBG indication field may also contain a pre-emption indication (PI) to improve the likelihood of decoding a previous transmission that was punctured by a different transmission (see [3] for a more complete discussion). Upon detection of a DCI scheduling a HARQ (re)transmission, the UE can determine the number of CBs contained in the transmission based on the MCS, resource allocation and the code block segmentation rule. Thus, received CBs can be grouped into CBGs according to a configured maximum CBG size, L.
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[bookmark: _Ref480987942]Figure 2 Multiplexing of CBG indication and data in a CBG

One advantage of this method is that there is no additional DL control signaling penalty since the CBG field is present when the UE is semi-statically configured for CBG-based transmission.

Comparison of the CBG construction methods
It can be seen that Option 1 maintains the same mechanisms for same rate matching and mapping to physical resources regardless of whether or not CBG-based transmission is configured. On the other hand, the DL signaling overhead scales with the configured number of CBGs. If the number of CBGs is small in order to minimize DL signaling overhead and the resulting HARQ-ACK payload size, the benefit of CBG-based transmission is compromised as the TB size increases.
For the flavor of Option 2 described in this contribution, the DCI size is not affected by the number of CBGs. In addition, dynamic HARQ-ACK codebook adaptation can be adopted. The drawback is some changes to rate matching and mapping to physical resources when a CBG indication field is multiplexed with code blocks. It is not expected that there would be a material performance impact on data performance as only a few REs per CBG should be needed for the CBG indication. 

Another advantage of mapping the CBGI field in the PDSCH region is that it offers forward compatibility benefits if enhancements to HARQ transmission are considered in later NR releases. 

Proposal: consider multiplexing of CBG indication and coded data in the PDSCH region.
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 several solutions to enable CBG-based HARQ transmission in Rel-15. I summary our proposals are as follows 
· When semi-statically configured for CBG-based DL transmission, a UE is explicitly informed of which CBGs are contained in a DL HARQ transmission.
· If the number of CBGs is semi-statically configured, 
· The NDI and CBG indication can be jointly signaled in a DCI scheduling a CBG-based HARQ transmission.
· Dynamic or semi-static HARQ-ACK codebook adaptation can be considered. 
· Consider multiplexing of CBG indication and coded data in the PDSCH region. 
· 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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