Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG RAN WG1 NR Ad-Hoc#2                                       	R1-1711508
Qingdao, P.R. China, 27th – 30th June 2017
Agenda Item:	5.1.3.3.4.3
Source:	Ericsson
Title:	On Design of CBG HARQ-ACK Feedback Schemes
Document for:	Discussion and Decision
Introduction
In RAN1#89, the following agreements on HARQ feedback on code-block group (CBG) level and CRC attachment were reached [1] :
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 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.

In this contribution, we discuss the designs of CBG HARQ-ACK feedback and signaling schemes.
[bookmark: _Ref178064866]Discussion
CBG-based HARQ-ACK signaling design targets
In [2] and [3], we provided extensive analysis of the LDPC decoding throughput issues for the initial- and re-transmissions. We observed that 
· More than 1/3 of the MCS levels requires longer LDPC decoding time than for the peak MCS level.
· For links operating at medium to high data rates, the receiver LDPC decoder may not finish decoding the combined coded bits from initial- and re-transmissions in time for HARQ-ACK reporting.
To address the decoding throughput issues in incremental redundancy retransmissions, CBG based HARQ protocol may be considered for links operating at medium to high data rates.
A receiver may send a CBG HARQ-ACK feedback that indicates NAK on a subset of the CB groups that failed decoding if it expects it will not be able to finish decoding retransmission of the full failed CB groups. For instance, if the receiver finds 3 out of the configured 6 CB groups failed, it may indicate 4 ACKs and 2 NACKs to the transmitter. The receiver can then indicate 5 ACKs and 1 NACK in the next HARQ-ACK feedback. 
Alternatively, the gNB may consider the decoding capability of the UE receiver and decide to retransmit only a subset of the CB groups that were NACKed by the UE. For instance, if the UE provided a HARQ-ACK feedback indicating 3 out of the configured 6 CB groups failed, the gNB may decide to retransmit only two of the NACKed CB groups. The gNB can transmit the last NACKed CB group in a later retransmission, possibly with other CB groups if some other CB groups are NACKed by the UE in the next HARQ-ACK feedback.
Note that, for this solution to work, the receiver must be allowed to NACK a CB group that was previously ACKed. That is, the CBG HARQ-ACK feedback length needs to keep the same length as the configured number of CB groups. Furthermore, there is also a possibility that the receiver may find the TB level CRC fails after all code blocks are decoded and passed CB level CRC. To handle such cases, the receiver should be allowed to NACK all CB groups in a HARQ-ACK feedback even when some of the CB groups had been previously ACKed. 

Proposal 1 The CBG HARQ-ACK feedback length does not change across multiple HARQ-ACK feedback occasions to avoid error cases and to address LDPC decoding throughput issues in retransmissions.

CBG based HARQ-ACK for PUSCH
For a UE configured with CBG based HARQ-ACK feedback for the PUSCH, the UE can expect the gNB to include a bitmap of the HARQ-ACK for the CBGs in the retransmission grant DCI as well as the requested redundancy version. Each of the bits in the bitmap indicates the ACK/NACK status of the CBGs. The UE shall retransmit the requested redundancy version of the CBGs indicated as NACKs in the bitmap. Note that the UE shall be able to transmit the requested redundancy version for a CB group that was not NACKed in a previous grant.
The CBG HARQ-ACK bitmap is not needed in the initial grant DCI. To ensure the grant DCIs for the initial transmission and retransmissions are of the same length, it should be studied further whether to pad the initial transmission DCI.

Proposal 2 A bitmap of the HARQ-ACK for all CBGs is included in the PUSCH retransmission grant DCI. 
· The UE shall retransmit the requested redundancy version of the CBGs indicated as NACKs in the bitmap.
· Study further whether the initial grant DCI is padded to have the same length as a retransmission grant DCI.

CBG based HARQ-ACK for PDSCH
With CBG based HARQ-ACK feedback configured for the PDSCH, the UE will prepare a bitmap of the HARQ-ACK for each of the CB groups after receiving the data transmission. This multi-bit CBG HARQ-ACK bitmap UCI is to be transmitted on a PUCCH or to be multiplexed with PUSCH transmission if supported.

Proposal 3 For a UE configured with CBG based HARQ-ACK for the PDSCH, the UE prepares a UCI in the form of a HARQ-ACK bitmap of all the CBGs.

For the PDSCH retransmissions, the gNB sends a redundancy version of the CBGs indicated as NACKs in the bitmap feedback from the UE. A bitmap to indicate which CBGs are being retransmitted is included in the retransmission DCI to avoid the error cases and to enable the gNB to reduce the number of retransmitted CBGs if the UE is not expected to process all previously NAKed CBGs. 
Proposal 4 For a UE configured with CBG based HARQ-ACK for the PDSCH, the gNB retransmits a redundancy version of the CBGs indicated as NACKs in the bitmap feedback from the UE.
· The gNB may not retransmitted all of the previously NAKed CBGs.
· Study further whether the initial grant DCI is padded to have the same length as a retransmission grant DCI.

Conclusion
We analyzed the designs of CBG HARQ-ACK feedback and signaling schemes. We propose:
Proposal 1 The CBG HARQ-ACK feedback length does not change across multiple HARQ-ACK feedback occasions to avoid error cases and to address LDPC decoding throughput issues in retransmissions.
Proposal 2 A bitmap of the HARQ-ACK for all CBGs is included in the PUSCH retransmission grant DCI. 
· The UE shall retransmit the requested redundancy version of the CBGs indicated as NACKs in the bitmap.
· Study further whether the initial grant DCI is padded to have the same length as a retransmission grant DCI.
Proposal 3 For a UE configured with CBG based HARQ-ACK for the PDSCH, the UE prepares a UCI in the form of a HARQ-ACK bitmap of all the CBGs.
Proposal 4 For a UE configured with CBG based HARQ-ACK for the PDSCH, the gNB retransmits a redundancy version of the CBGs indicated as NACKs in the bitmap feedback from the UE.
· [bookmark: _In-sequence_SDU_delivery]The gNB may not retransmitted all of the previously NAKed CBGs.
· Study further whether the initial grant DCI is padded to have the same length as a retransmission grant DCI.
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