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1. Introduction
Multiple HARQ feedback bits with CBG-based retransmission will be supported in 5G NR systems. The relevant design details are currently under discussion. It has been confirmed in RAN1 #88b to support CBG, as well as a few other design details. Specifically, it is agreed that
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

Agreements:
· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.

· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.

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

In this contribution, we discuss further design details regarding the HARQ feedback for CBG-based retransmission.
2. Discussions
In code block group (CBG)-based retransmission scheme, the UE transmits one HARQ-ACK feedback bit for each CBG, which comprises a number of CBs. The rationale of the CBG-based retransmission scheme is two-fold: to improve the resource utilization efficiency in case of much increased number of CBs in NR, and to selectively address the occasional interference by high-priority URLLC transmissions. The methodology for grouping CBs into CBGs impacts the ultimate achievable resource utilization efficiency gain. On the one hand, the smaller the number of CBs per CBG, the more precise we are when allocating the retransmission resource. On the other hand, a smaller number of CBs per CBG implies more CBGs in a TB, which in turn implies more HARQ-ACK feedback bits. From past experience, we know that the UL feedback channel is quite limited. In addition, more precision CSI feedback, e.g., CSI feedback type II, a higher number of aggregated carrier, and a larger number of supported UEs further add to the burden of the UL feedback channel.
Observation 1: The CBG granularity is a tradeoff between resource efficiency and HARQ feedback overhead.
For UL data transmission, without a dedicated physical channel like PHICH, the CBGs failing decoding at the gNB will have to be indicated in the next UL grant [2]. From both a resource utilization perspective and reliability perspective, a longer DCI is undesirable. A DCI with a varying length is even more undesirable considering the UE blind decoding effort. Hence, for both UL and DL directions, the implied length of HARQ-ACK feedback by the adopted CBG grouping method should be an important design criterion.
Currently, three main options for grouping CBs into CBG are being 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

With option 1, the number of CBGs is explicitly configured by the gNB, preferably also semi-statically configured by RRC signaling. 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. Besides, for the cases where the TBS, or equivalently, the number of CBs, is too small, e.g., smaller than that in LTE-A systems, the number of CBGs can be dynamically determined to 1, i.e., disabling CBG-based retransmission. This is where the dependence on TBS comes in. Other methods for a more elaborate mapping between the TBS and the number of CBGs are also possible, and can be explicitly written in the specification as a lookup table. Accordingly, we have the following proposal:
Proposal 1: Adopt Option 1 for grouping CBs into CBG.
For DL data transmission, with CBG enabled, the gNB retransmits only the CBs corresponding to CBGs indicated as NACK in the HARQ feedback transmitted by the UE. The UE thus has two options when transmitting the next HARQ feedback:
Option 1: The UE transmits a HARQ feedback for every CBG.
Option 2: The UE transmits a HARQ feedback only for retransmitted CBG.
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 [2][3]. It has been proposed for the gNB to also indicate in the DL assignment DCI which CBGs are being retransmitted as a candidate solution. We consider the above two options under this context.
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 we assume the gNB to indicate the retransmitted CBGs. 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 2: Study Option 1 and Option 2 for DL HARQ-ACK feedback by the UE.
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 observation and proposals:
Observation 1: The CBG granularity is a tradeoff between resource efficiency and HARQ feedback overhead.
Proposal 1: Adopt Option 1 for grouping CBs into CBG.
Proposal 2: Study Option 1 and Option 2 for DL HARQ-ACK feedback by the UE.
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