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1 Introduction

In RAN1#89, some progress has been achieved in HARQ-ACK feedback for support CB-group (CBG) based retransmission in NR [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 



This contribution considers the HARQ-ACK codebook determination for CBG-based retransmission, and HARQ-ACK codebook focusing on multi-carrier and slots/mini-slots aggregation is discussed in [3]. 
2 Discussions 
2.1 Determination of HARQ-ACK codebook for single PDSCH
The determination of the HARQ-ACK codebook when a UE is configured for CBG-based HARQ-ACK feedback is related to CBG grouping.RAN1 agreed to adopt option 1 for grouping CB(s) into CBG(s), i.e., with configured number of CBGs, the number of CBs in a CBG changes according to TBS. The configured number of CBGs can be realized by RRC, L1 signalling, or implicitly derived [2].
Based on how to group CBs into CBG agreed, when a UE is configured the number of CBGs, there are two alternatives for the UE to decide the number of HARQ-ACK bits. 
· Alt 1. The number of HARQ-ACK bits that is configured, .e.g. based on the configured number of CBGs. 
· Alt 2. The number of HARQ-ACK feedback bits that UE sends varies according to the number scheduled CBGs.
RAN1 agreed to at least adopt Alt. 2 considering it can reduce the average HARQ-ACK codebook size, compared with Alt 1. It is required for the UE to know cells or PDSCHs in a number of PDSCHs that the UE provides HARQ-ACK through a same HARQ-ACK codebook (equivalent to bundling window in LTE TDD) as, similar to LTE TDD or LTE eCA, the can be a potential misunderstanding between the gNB and the UE for the HARQ-ACK payload size. Hence, Alt 2 can work properly only if DAI is used, while the legacy semi-static HARQ-ACK codebook for TDD or (e) CA is not applicable. 
Alt. 1 provides simpler procedure for HARQ-ACK feedback, similar to LTE CA semi-static codebook operation when HARQ-ACK feedback is for all configured cells regardless of whether there is scheduling on a cell. When the total number of HARQ-ACK bits is no larger than 11, e.g., the maximum configured number of CBGs is 4 or 8 and only one PDSCH to report HARRQ-ACK, the semi-static HARQ-ACK codebook is appropriate in conjunction with RM codes, as the gNB receiver can directly use prior knowledge of some HARQ-ACK information transmitted from a UE (e.g., gNB knows which CBGs are not scheduled) and achieve practically the same performance as Alt 2 together with the use of DAI fields. On the other hand, when the HARQ-ACK payload is large, e.g., considering NR CA operation and HARQ-ACK feedback for a number of different PDSCHs on a same cell (similar to LTE FDD but without a fixed bundling window) in a same HARQ-ACK codebook, polar codes are not practically capable of exploiting a-priori information, thus Alt 1 will lead to an increase in required SINR. 


Therefore, similar to LTE, it is reasonable to support both Alt. 1 and Alt. 2 based on gNB configuration as each alternative offers operational advantages that can be different in different scenarios. For example, for single cell operation and LTE-like FDD operation, Alt. 1 offers simplicity and can be preferred while for CA operation of LTE-like TDD operation (dynamic bundling window for HARQ-ACK feedback as determined by indicated HARQ-ACK timing), Alt. 2 can be preferred to reduce the potentially very large HARQ-ACK codebook size.
Proposal 1: A UE can be configured to transmit HARQ ACK bits for scheduled CBGs or according to configured maximum number of CBGs.  
2.2 Determination of HARQ-ACK codebook for 2-TB MIMO

In NR, it was agreed to support one TB for up to 4 layers and TBs for more than 4 layers.  Similar to LTE, either separate HARQ-ACK feedback per-CBG for each TB or per-CBG spatial bundling across two TBs can be configured. One aspect which needs further study is how to perform spatial bundling when the number of CBGs of two TBs is different. The simple way is to bundle the CBG with same CBG index, as shown in Fig 1. The performance degradation would be larger than TB-level spatial bundling in LTE, because the correlation between channels reduces when time-frequency domain resource is different for bundling CBGs even though within same CBG index. It may be even worse when some CBGs are pre-empted by URLLC, e.g., #2 CBG of TB1 is punctured while #2 CBG of TB2 is not, the decoding result of these two CBGs is quite independent. 
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Figure 1 Per-CBG spatial bundling 

Another approach to reduce the HARQ-ACK payload is to the keep the maximum number of CBGs per PDSCH transmission unchanged no matter one or two TBs are scheduled. For example, if the maximum number of CBGs is N, then, N/2 CBGs per TB if two TBs are scheduled or N CBGs per TB if only one TB is scheduled [4]. Consequently, the number of HARQ-ACK bits per PDSCH does not change with the number of scheduled TBs. 

Proposal 2: Support per-CBG spatial bundling or fixed maximum number of CBGs per PDSCH transmission regardless of whether one TB or two TBs are scheduled to reduce HARQ-ACK payload for 2-TB MIMO.  
2.3 Determination of HARQ-ACK codebook for multiple PDSCHs
NR needs to support the cell and time dimensions for HARQ-ACK multiplexing of multiple PDSCHs, as LTE [3]. NR also supports CBG-based transmission adding a 3rd dimension for HARQ-ACK multiplexing.
Similar to LTE, both semi-static and dynamic HARQ-ACK codebook determination for aggregated PDSCH can be configured. For semi-static HARQ-ACK codebook, the size of codebook is determined by number of configured cells, the number of timing units determined by HARQ-ACK timing as well as the number of configured CBGs (Alt 1).  For dynamic HARQ-ACK codebook, DAI is required to avoid the ambiguity of the number of HARQ-ACK bits, e.g., due to missed DL assignment. With the introduction of CBG-level feedback, existing DAI with the granularity of per PDSCH transmission & per carrier cannot indicate missed CBGs when the number of scheduled CBGs is different on different carriers or in different PDSCH transmissions, as shown in Fig 2. HARQ-ACK feedback for CBG-based retransmissions can be similar to SIMO/MIMO TM switching in LTE where 2 bits are transmitted for each scheduled carrier regardless of SIMO or MIMO TM when at least one carrier is configured with MIMO TM. If the same rule is applied, i.e., NHARQ-ACK HARQ-ACK bits are transmitted for each scheduled carrier regardless of whether the carrier is configured with CBG-level HARQ-ACK or TB-level HARQ-ACK, when at least one carrier is configured with CBG-level HARQ-ACK, and NHARQ-ACK is the maximum number of HARQ-ACK bits among all configured carriers. Obviously, the HARQ-ACK payload is unnecessarily increased and it is possible that actual HARQ-ACK information is often a small fraction of the transmitted HARQ-ACK payload. To reduce the HARQ-ACK payload, the DAI functionality needs to be modified when CB-based retransmissions are configured and the number of DAI bits in the DCI may need to be increased subject to a tradeoff between UCI overhead and DCI overhead. 
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Figure 2 number of scheduled CBGs varies in slots and carriers (Rel-13 counter DAI, total DAI)
Proposal 3: CBG-level DAI should be adopted for dynamic HARQ-ACK codebook determination for multiple PDSCHs.  
2.4 TB-level CRC error 

In LTE, both CB-level CRC and TB-level CRC are added to the data. Early decoding termination is realized by CB-level CRC, and the false alarm probability is further reduced by TB-level CRC. Only if TB-level CRC is correct, the transmission is assumed to be successful. 
In NR, with CBG-level HARQ-ACK feedback, how to inform gNB the failure of TB-level CRC when all CBG-level CRC check is passed needs further study. There’re several options, 

· Per CBG HARQ-ACK + TB HARQ-ACK

It requires one additional bit for TB-level HARQ-ACK in addition to CBG-level HARQ-ACK. TB-level CRC failure is informed by NACK of this TB-level bit.

· ‘Reversed’ ACK 

NACK for all CBGs are reported to gNB, if all CBG-level CRC check passes while TB-level CRC fails. The CBGs which are already correctly decoded and reports ACK is reversed to NACK. It requires UE to always feedback HARQ-ACK for all configured CBGs (Alt 1 in 2.1), not just scheduled CBGs. One point to note is ACK should be reported for those unscheduled but previously correctly decoded CBGs, which is different from legacy behaviour with NACK/DTX. 
· Different PUCCH  format 

When all CBGs are successfully decoded, UE sends only one bit for HARQ-ACK, e.g., fallback to PUCCH format 1a. If TB-level CRC check fails, this one bit is NACK, otherwise, it is ACK. When only some CBGs are successfully decoded, UE sends per-CBG HARQ-ACK by another PUCCH format. 

RAN1 should down select one option or configure proper option with the consideration of operation complexity, HARQ-ACK overhead as well as the false alarm probability. 

Proposal 4: RAN1 should study how to deal with CRC false alarm issue. 
3 Conclusions
In this contribution, HARQ-ACK feedback for CBG-based retransmission was briefly discussed. It can be summarized as below.
Proposal 1: A UE can be configured to transmit HARQ ACK bits for scheduled CBGs or according to configured maximum number of CBGs.  

Proposal 2: Support per-CBG spatial bundling or fixed maximum number of CBGs per PDSCH transmission regardless of whether one TB or two TBs are scheduled to reduce HARQ-ACK payload for 2 TBs MIMO.  
Proposal 3: CBG-level DAI should be adopted for dynamic HARQ-ACK codebook determination for multiple PDSCHs.  

Proposal 4: RAN1 should study how to deal with CRC false alarm issue.  
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