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1 Introduction
In the RAN1 #90 meeting [1], some agreements about the CRC attachment and CBG HARQ were given as follows:
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In the RAN1 NR AdHoc #3 meeting [2], some agreements about PUCCH resource and additional agreements about the CBG HARQ were given as follows:
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In this contribution, we give some considerations and proposals for HARQ procedure of TBs with CBG-based transmission and retransmission.
2 Some issues on the CBG-based (re)transmission
During the offline discussion about the CBG-based (re)transmission, some possible agreements were made. We focus on two issues, one is “Handling of TB CRC check fail case” and another is “Support of TB level A/N feedback”.
Handling of TB-CRC check fail case
Basically, a TB-CRC failure occurs after all CB-CRC check success. It means that some CB-CRC committed ‘miss detection’ of error. Since the number of CB-CRC bits is 24 so the miss detection occurs very rarely, handing procedure also rarely occurs. Therefore, introducing additional resources or formats just for this extremely special case is not efficient.
The major view of participating corporations is All-NACK feedback. It does not require additional resource nor additional PUCCH format. At least for semi-static codebook case so the number of A/N bits for the retransmissions is same with the initial transmission, all-NACK feedback can be the most reasonable and clear solution.
Proposal 1: At least for the case when the semi-static HARQ-ACK codebook is used, NACK is reported for all the CBGs if TB CRC check fails.
Support of TB level A/N feedback
The gNB can configure and use both TB-based and CBG-based (re)transmission. So the fallback to the TB-level A/N feedback at CBG-based transmission is basically supportable.
Since much more HARQ A/N bits needed when CBG-level A/N is configured, TB-level fallback during CBG-based transmission is considered. TB-level fallback is useful when
(1) All (or almost all) CBGs are successfully decoded.
(2) All (or almost all) CBGs are failed to decode.
(3) Many TBs are consisted with single CB.
Note that occurrence of (1) and (2) is predictable by gNB and confirmable by UE in DL. On the other hand, (3) can be observed by gNB only. 
Two types of fallback can be considered. The first is gNB-triggering, and the second is UE-triggering. The gNB may trigger fallback when successful decoding for almost all CBGs is desirable at downlink, or almost all TBs waiting scheduling are consisted with single CB. On the other hand, the UE may trigger fallback when all CBGs are successfully decoded, TB-CRC failure or (almost) all CBGs are failed to decode.
In the next section, we will discuss about the situations by supporting gNB-triggering and UE-triggering fallback.
3 CBG-level and TB-level feedback
In the traditional communication using A/N feedback, many systems assume the efficient BLER corresponded with one A/N bit is about 0.1, that is, the 10% of blocks are retransmitted. Following this assumption indicates that about 10% of CBGs are retransmitted in usual circumstance. If there are 8 CBGs in a TB, all-ACK probability becomes [image: image5.png](1-0.1)®=20.43



. More generally, for the CBG error probability [image: image7.png]


 and the number of CBG [image: image9.png]


, the probability of all-ACK becomes [image: image11.png]


. Graphs for some specific values of [image: image13.png]
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 are shown in Fig. 1.
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Figure 1. Probability of all-ACK feedback
Fig. 1 shows that the performance gain adopting fallback can be depend on the channel quality. Actually, the probability of all-ACK feedback usually determines ‘fallback probability’ of UE-triggering fallback, since all-NACK probability is much lower excluding burst error. However, UE cannot determine [image: image18.png]


 nor [image: image20.png]


 so the control of the probabilities is depend on the gNB. In this way, the gNB can predict and control the probabilities with selection of [image: image22.png]


, [image: image24.png]


, observed CQI and reported error tendencies.
The uncertainty of PUCCH format forces blind decoding to the gNB, and the fallback effects the length and so resource mapping of PUCCH. Since emption makes meaningless of fallback, usually it can be filled with another signals. That is, the failure of the detection of transmitted PUCCH format induces critical loss of information, so sufficient additional bits are required to prevent such case. If [image: image26.png]


 is small, gain by fallback may be cancelled by the bit addition for distinguishing fallback format. If [image: image28.png]


 is large, the fallback probability itself becomes small. Consequently, it is dedicated, and highly depends on the value of [image: image30.png]
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.
Proposal 2: UE-triggering fallback is not supported or gNB configures the permission.
On the other hand, TB-level fallback itself cannot solve TB-CRC check fail case without additional specific definition. The ambiguity of fallback at (2) still remains ambiguities since the simple fallback cannot distinguish the feedback means retransmission of “whole last retransmitted blocks” and “whole TB”, without specific definition of procedure. The following proposal is about this issue.
Proposal 3: Fallback at all CBG failure is not operated for the retransmitted block.

Alternation 3.1: Fallback at all CBG failure can be operated only for the TB-CRC failure at retransmission.
4 Summary
This contribution gives an issue related with HARQ procedure for CBG-based transmission, and we give some proposals as follow:
Proposal 1: At least for the case when the semi-static HARQ-ACK codebook is used, NACK is reported for all the CBGs if TB CRC check fails.
Proposal 2: UE-triggering fallback is not supported or gNB configures the permission.
Proposal 3: Fallback at all CBG failure is not operated for the retransmitted block.

Alternation 3.1: Fallback at all CBG failure can be operated only for the TB-CRC failure at retransmission.
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Agreement: 


LTB-CRC = 16 for TBs smaller than or equal to 3824 bits 


LCB-CRC = 24 bits


CRC polynomials: 


24 bits: Reuse both A and B from 36.212 for corresponding CB and TB CRCs 


16 bits: Reuse from 36.212





Agreements:


For the purpose of further discussion, we conclude following:


For the following discussion on CBG-based retransmission, define the terms CBGTI and CBGFI as below. 


CBGTI (CBG transmission information) means information on which CBG(s) is/are (re)transmitted and, 


CBGFI (CBG flushing out information) means information on which CBG(s) is/are handled differently for soft-buffer/HARQ combining


At least following is supported for DL CBG-based (re)transmission.


A DCI includes both CBGTI and CBGFI.


For single CW case, when N is the maximum number of CBGs configured by RRC


N bits for CBGTI, and the other 1 bit for CBGFI


FFS: whether re-interpret NDI as CBGFI


FFS: whether CBGTI is re-interpreted as NDI 


FFS: whether jointly using other field as CBGTI or CBGFI


FFS on multiple CW case.


At least following is supported for DL and UL CBG-based (re)transmission.


A DCI includes CBGTI.


For single CW case, N bits for CBGTI as configured by RRC


FFS: whether CBGTI is re-interpreted as NDI 


FFS: whether NDI is re-interpreted as CBGTI


FFS: whether jointly using other field as CBGTI


FFS on multiple CW case





Agreements:


For single CW case with CBG based retransmission for the semi-static codebook with HARQ-ACK multiplexing, at least following is supported for the HARQ-ACK composition and mapping per TB


HARQ-ACK codebook includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s))


At least followings are supported


HARQ-ACK payload size is the same with the configured number of CBGs


Each HARQ-ACK bit corresponds to each CBG


FFS payload size reduction


ACK is reported for a CBG if the same CBG has been successfully decoded


FFS how to handle the case if TB CRC check is not passed while CB CRC check is passed for all the CBs
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Agreements:


A set of PUCCH resources at least for HARQ-ACK which is configured to a UE by high layer signaling is defined as one of followings (to be down-selected).


Opt.1: One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats. 


Opt.2: One or multiple set(s) of PUCCH resources for each PUCCH format.


Opt.3: A set of PUCCH resources for each duration of each PUCCH format.


Opt.4: A set of PUCCH resources for PUCCH formats carrying up to 2 bits UCI. Another set of PUCCH resources for PUCCH formats carrying more 2 bits UCI. 


FFS: How to identify a PUCCH resource from the set of PUCCH resource. 


At least for HARQ-ACK, the starting slot of PUCCH is indicated by DCI.


Earliest transmission timing is based on UE capability 


FFS how PUCCH resource is defined





Agreements:


For a UE configured with CBG-based (re)transmission, the same DCI payload size is assumed for initial transmission and retransmission for the same TB(s)


Note that this doe not intend to address fallback DCI aspect


L1 signalling to indicate the number of CBGs per TB is not supported in Rel-15








