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1. Introduction
One of the key changes in the physical layer processing procedures in 5G NR systems is the support of CBG-based (re)transmission, which impacts both the DCI format and, especially, the HARQ ACK/NACK signaling mechanism. The UL control signaling for CBG-based retransmission has not seen much progress in RAN1-NR#2. Most of the agreed FFS points are still left undecided. To expedite the progress, a list of options for email discussion and possible agreements have been drawn. Relevant information is listed below for quick reference.

From RAN1-NR#2 [1]:
Working assumption:
· For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).

Agreements:
· When uplink CBG-based (re)transmission is configured, the UL grant indicates which CBG(s) of a TB is/are retransmitted
From RAN1 #89 [2]:

Agreements:
· For downlink data transmission with CBG based (re)transmission,
· The number of CBG HARQ ACK bits for a TB is at least equal to the number of CBGs indicated or implied for transmission
· FFS whether or not the UE transmits HARQ ACK bits for CBGs not indicated or implied for transmission
· FFS “indicated or implied” is realized by RRC, MAC, L1 signalling, or implicitly derived
· FFS HARQ ACK feedback on one channel for the case of multiple TBs
· FFS for fallback 
Agreements:
· 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

In this contribution, we discuss further design details regarding the HARQ feedback for CBG-based retransmission.
2. Discussions
In RAN1 #89, it has been agreed with configured number of CBGs, the number of CBs in a CBG changes according to TBS. With this option, the number of CBGs is explicitly configured by the gNB, preferably also semi-statically configured by RRC signaling, as has been suggested as one of the possible agreements in the email discussion. Such a configuration puts a cap on the number of HARQ-ACK feedback bits as CBG to HARQ-ACK has a one-to-one mapping. Also, it was agreed that the gNB can indicate the CBG(s) which are actually transmitted to the UE in the same DCI. This is to address the issue of potential misunderstanding of the retransmitted CBG(s) between gNB and UE. Detailed explanation is provided in our companion contribution [3]. 
With the current agreements, for DL CBG-based transmission the gNB first configures a certain number of CBGs, say N CBGs, then performs a first transmission to the UE comprising N CBGs. In this contribution, we assume the number of scheduled CBs is equal to or larger than N. For the other case, it is proposed to fall back to TB-based transmission and details can be found in [3].  The UE replies a HARQ feedback message comprising N bits, each indicating the decoding result of an associated CBG. Suppose K CBGs are indicated as NACK, K <= N. For the next retransmission, it is clear for the gNB to retransmit only the CBs corresponding to CBGs indicated as NACK in the previous HARQ feedback message. After receiving and decoding the retransmission, the UE has two options when transmitting the next HARQ feedback:
Option 1: The UE transmits a HARQ feedback comprising N bits. All the CBGs that have been ACKed previously are set to ACK.
Option 2: The UE transmits a HARQ feedback comprising K bits, i.e., skipping the CBGs that have been ACKed previously.
Further complications arise depending on whether ACK-to-NACK error and/or NACK-to-ACK error occurs. It has been pointed out by several contributions that such errors are not negligible, and potential confusion could arise between the gNB and the UE. We compare the above two options in the following.
For Option 1, since the UE transmits a HARQ feedback for every CBG during every retransmission, the UE has the chance to notify the gNB of the fact that an NACK-to-ACK error has occurred previously. For example, suppose CBG 0 was indicated as NACK by the UE, but interpreted/decoded as ACK by the gNB. The gNB thus will not retransmit CBG 0, and this fact is known by the UE via the retransmitted CBG information embedded in the corresponding DCI. For the next HARQ feedback, the UE indicates CBG 0 as NACK again to the gNB. The gNB then realizes the error and retransmits CBs corresponding to CBG 0.
Note that it is also possible for an authentic HARQ feedback ACK to be mistakenly interpreted as NACK by the gNB, i.e., an ACK-to-NACK error. In the above example, from the gNB’s perspective, it could also have been that it is the second HARQ feedback that is experience a flipping error. The gNB has no way to distinquish between the two cases. Nevertheless, it makes little harm to make another retransmission since these are rare cases anyway. Similar principle is also adopted in LTE-A systems with an ACK-to-NACK error, i.e., simply let the eNB perform another retransmission.
Finally, if the HARQ feedback is CRC protected and encoded as in LTE PUCCH format 4/5, and the gNB fails decoding it, the gNB simply retransmits the same set of CBGs sent previously. There will be no confusion between the gNB and the UE as long as the retransmitted CBGs are explicitly indicated in the DCI.
For option 2, since the UE transmits a HARQ feedback only for CBGs that are actually retransmitted by the gNB, the UE has no way of fixing NACK-to-ACK errors. CBGs that are believed by the gNB to have been correctly received by the UE are simply terminated in the message exchange, much like the case in LTE-A systems, where an NACK-to-ACK error has to be recovered by a higher layer. A major difference here is that even if a NACK-to-ACK error has occurred and the UE knows it, the HARQ retransmissions still persist until all the other CBGs are correctly received. A minor optimization in this case would be to allow the UE to blindly ACK every CBG so as to quickly terminate the HARQ retransmission, since it has to be later recovered by a higher layer anyway. 
For ACK-to-NACK errors, Option 2 behaves the same as Option 1, since the retransmitted CBGs will be indicated in the DCI. The UE can simply skip decoding the CBs that have been correctly decoded, and transmit ACK for the corresponding CBGs again. 
Also, if the HARQ feedback is CRC protected and encoded, in the case where the gNB fails decoding it, the gNB simply retransmits the same set of CBGs sent previously. There will be no confusion between the gNB and the UE as in Option 1.
In light of the above discussion, we thus propose
Proposal 1: The number of CBG HARQ ACK bits for a TB is equal to the number of CBGs indicated or implied for transmission.
An issue that was brought up in the past meeting against a variable number of HARQ feedback bits was that the TB-level CRC could still fail even if all the CBGs are decoded correctly. In this case if the UE feeds back a variable number of HARQ ACK/NACK bits, the UE will have problem reporting this fact to the gNB. On the other hand, if the UE always feeds back N bits, the UE could simply NACK all the CBGs to signify this fact to the gNB. In response, a possible solution was also suggested to allow the UE to be dynamically informed to report one HARQ-ACK bit for that TB, i.e. fallback. Alternatively, the UE can also always include a one-bit TB-level feedback along with each HARQ feedback message. Compared with the option of always feeding back N bits, a dynamically shrinking size of HARQ codebook with one extra bit would still yield a lower overhead with a moderately large N.
Proposal 2: Even when the UE is configured with CBG-based transmission, UE can be configured to report one additional HARQ-ACK bit for that TB.
3. Conclusions
In this contribution, we have discussed issues related to CBG-based (re)transmission and the HARQ feedback options for NR systems. We have the following proposals:
Proposal 1: The number of CBG HARQ ACK bits for a TB is equal to the number of CBGs indicated or implied for transmission.

Proposal 2: Even when the UE is configured with CBG-based transmission, UE can be configured to report one additional HARQ-ACK bit for that TB.
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