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1 Introduction
In the RAN1 #88bis meeting [1], some agreements about the CRC attachment were given as follows:
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In the RAN1 #89 meeting [2], another agreements about the CBG-based HARQ procedure were given as follows:
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In the RAN1 NR AdHoc #2 meeting [3], another agreement about the CRC attachment were given as follows:
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In the RAN1 #90 meeting [4], additional agreements about the CRC attachment and CBG HARQ were given as follows:
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In this contribution, we give some consideration points for HARQ procedure of TBs with CBG-based transmission and retransmission.
2 Basic Considerations
There are two types of error detection. The first is TB-failure, mainly can be detected by the TB-CRC check. The second is CBG-failure, mainly can be detected by the decoding failure or the CB-CRC checks of all corresponding CBs in the CBG.
After the detection, the receiver will decide the request of retransmission. In the aspect of specification, there are four types of restriction about this.
· Type R-1. Only request for the retransmission of error CBGs is permitted.
· Type R-2. Request for the retransmission of CBGs without CBG-failure is permitted.
· Type R-3. Skipping request for the retransmission of some error CBGs is permitted.
· Note that the skipped error CBG retransmission can be requested in the next time.
· Type R-4. Both R-2 and R-3 are permitted.
Similarly, there are four types of restriction of the transmitter.
· Type T-1. Only retransmission of the whole requested CBGs is permitted.
· Type T-2. Retransmission of the CBGs of which are not requested is permitted.
· Type T-3. Skipping retransmission of some requested CBGs is permitted.
· Type T-4. Both T-2 and T-3 are permitted.
Note that the Type R-2, 3, 4 and T-2, 3, 4 say about flexibility of behavior, not efficiency. From the previous agreements, Type T-4 is supported at least for single CW case. Type T-3 can be a good way to face scheduling issue. However, other types for the flexibility are generally not efficient. Note that these types may be rather consequential result of design, not the goal with specific intention.
Observation 1: Type R-2, R-3, R-4, T-2 and T-4 do not need to be supported.
On the other hand, there are other possible specific restrictions in the consequential retransmissions and requests.
· Type R2-1. Request for the retransmission of CBGs of which was not requested before is not permitted.
· Only the request of whole TB is permitted.
· Type R2-2. Request for the retransmission of CBGs of which was not requested before is permitted.
· Type T2-1. Retransmission of CBGs of which was not retransmitted before is not permitted.
· Type T2-2. Retransmission of CBGs of which was not retransmitted before is permitted.
Some combinations of Type R-x and T-x are precluded to support Type R2-x or T2-x. For example, Type R-3 and corresponding R-4 are precluded to support Type R2-1.
Observation 2: Type R2-2 does not need to be supported.
Basically, all the types must support the following.
· For the receiver:
· Request for the retransmission of CBGs with CBG-failure in current.
· Request for the retransmission of whole TB at least for the TB-CRC check failure.
· For the transmitter:
· Retransmission of whole (or at least arbitrary subset) of the requested CBGs.
With these considerations, we derive some consideration points for the design procedure of HARQ in the view of semi-static and dynamic codebook manner separately, especially for the issue handling the case if TB CRC check is not passed while CB CRC check is passed for all the CBs.
3 Considerations on HARQ procedure
There have been some consensus to treat TB-level CRC failure, with the following possible options [3].
· When CBG-based retransmission is configured, TB-level HARQ-A/N is supported and at least following options can be considered for down-selection in RAN1#90. 

· Option 1. Add 1 bit upon CBG-level HARQ-ACK bits 

· Option 2. Use all NACK of CBG-level HARQ-ACK bits

· Option 3. Use different PUCCH format or PUCCH resource

In this contribution, we will assume only Option 1 and 2 for semi-static and dynamic codebook cases. For the semi-static codebook and Option 1, we can consider three alternations of procedure.
· Alternation S-1-1. The HARQ A/N bit number is always the indicated CBG number +1. All the A/N bits are corresponded to the CBGs with certain order in the TB. The last TB-failure indicating bit works only at TB-level CRC check failure.
· Alternation S-1-2. Similar with S-1-1 except the bitmap correspondence. In this alternation, the A/N bits are corresponded to the CBGs with certain order in the (re)transmitted block, not the initial TB. Therefore, if some retransmission block has smaller number of CBGs, some bits are not used at the corresponding A/N bits.
· Alternation S-1-3. In this case, the additional bit is adopted only at retransmission case with the retransmission block has smaller number of CBGs than the indicated CBG number. If so, the bitmap correspondence follows S-1-2 and the additional bit replaces last unused bit. As a result, the number of HARQ A/N bit is always same with the indicated CBG number. If TB-CRC check failure occurs at the case with the retransmission block has same number of CBGs with the indicated CBG number, then the feedback becomes all-NACK.
Similarly, we can consider two alternations for the semi-static codebook and Option 2.
· Alternation S-2-1. Option 2 always considers that the HARQ A/N bit number is same with the indicated CBG number. Like S-1-1, all the A/N bits are corresponded to the CBGs with certain order in the TB. All-NACK feedback is used when all CBG error or TB-CRC check failure.
· Alternation S-2-2. Similar with S-2-1 with the bitmap correspondence follows S-1-2.
For the dynamic codebook, we adopt various lengths of A/N bits at each retransmission feedbacks. Applying Option 1, we can consider three alternations.
· Alternation D-1-1. The HARQ A/N bit number is always the number of transmitted CBGs +1. All the A/N bits are corresponded to the CBGs with certain order in the block, and the last bit is for the TB-CRC check failure notification.
· Alternation D-1-2. Similar with D-1-1, but the additional bit is adopted only at the retransmission case with the retransmission block has smaller number of CBGs than the number of CBGs of initial TB, like S-1-3. If TB-CRC check failure occurs at the case with the retransmission block has same number of CBGs with the number of CBGs of initial TB, then the feedback becomes all-NACK.
Alternation D-1-1 always adopt additional bit while D-1-2 adopt at only reduced retransmission block. On the other hand, we can consider only one alternation for the dynamic codebook and Option 2.
· Alternation D-2-1. The HARQ A/N bit number is always same with the number of transmitted CBGs. If the TB-CRC check failure occurs, then the feedback A/N bit is all-NACK. The transmitter cannot decide whether it is all CBGs error or TB error, so basically the last retransmitted block will retransmitted again. It is fortunate if some CBG’s decoding result is changed by the retransmission and TB-CRC check success. However, usually continual NACK will be repeated in this case. As a result, the transmitter sends whole TB again after certain time of repetition. The procedure may cause deterioration of performance. However, TB-CRC check failure may occur very rarely since it is agreed to make the CB-CRC to have sufficient length and so to ensure sufficient reliability.
To make simple explanation and understanding, we will consider the following example. See also Fig. 1.
(1) The indicated and transmitted CBG number is 4.
(2) All the CBGs are failed, so the receiver requested the retransmission of whole the CBGs.
(3) The transmitter retransmitted the whole the CBGs.
(4) The first and third CBGs are failed, so the receiver requested the retransmission of the first and third CBG.
(5) The transmitter retransmitted the first and third CBGs. 
(6) The third is failed again, so the receiver requested the retransmission of the third CBG.
(7) The transmitter retransmitted the third CBG.
(8) The third CBG succeed, however, the TB-CRC check does not passed.
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Figure 1. Example of CBG-based transmission scenario
We adopt the alternations with the example. We assume A as ACK and N as NACK. X is meaningless value for the procedure.
· Alternation S-1-1. HARQ A/N at (2) is NNNNX, at (4) is NANAX, at (6) is AANAX, and at (8) is AAAAN.
· Alternation S-1-2. HARQ A/N at (2) is NNNNX, at (4) is NANAX, at (6) is ANXXX, and at (8) is AXXXN.
· Alternation S-1-3. HARQ A/N at (2) is NNNN, at (4) is NANA, at (6) is ANXX, and at (8) is AXXN.
· Alternation S-2-1. HARQ A/N at (2) is NNNN, at (4) is NANA, at (6) is AANA, and at (8) is NNNN.
· Alternation S-2-2. HARQ A/N at (2) is NNNN, at (4) is NANA, at (6) is ANXX, and at (8) is NNNN.
· Alternation D-1-1. HARQ A/N at (2) is NNNNX, at (4) is NANAX, at (6) is ANX, and at (8) is AN.
· Alternation D-1-2. HARQ A/N at (2) is NNNN, at (4) is NANA, at (6) is ANX, and at (8) is AN.
· Alternation D-2-1. HARQ A/N at (2) is NNNN, at (4) is NANA, at (6) is AN, and at (8) is N.
Now, we consider the restriction types at each alternation.
Observation 3: Followings are observed.
· Alternation S-1-1, S-2-1 uses Type R-4 and Type R2-2.
· Alternation S-1-2, S-1-3, S-2-2, D-1-1, D-1-2, D-2-1 uses Type R-1 or R-2 and Type R2-1.
If the performance is same, we do not need to introduce longer A/N bit. If the bit length is same, it may be better to use procedure with more meaningless value for latter expansion of function. From these observations and considerations, we propose following.
Proposal 1: Alternation S-1-1, S-1-2, D-1-1 is not adopted.
Proposal 2: Alternation S-1-2 or S-2-2 is adopted for the semi-static codebook cases.
Proposal 3: Alternation D-1-2 or D-2-1 is adopted for the dynamic codebook cases.
4 Summary
This contribution gives an issue related with HARQ procedure for CBG-based transmission, and we give some proposals as follow:
Observation 1: Type R-2, R-3, R-4, T-2 and T-4 do not need to be supported.
Observation 2: Type R2-2 does not need to be supported.
Observation 3: Followings are observed.
· Alternation S-1-1, S-2-1 uses Type R-4 and Type R2-2.
· Alternation S-1-2, S-1-3, S-2-2, D-1-1, D-1-2, D-2-1 uses Type R-1 or R-2 and Type R2-1.
Proposal 1: Alternation S-1-1, S-1-2, D-1-1 is not adopted.
Proposal 2: Alternation S-1-2 or S-2-2 is adopted for the semi-static codebook cases.
Proposal 3: Alternation D-1-2 or D-2-1 is adopted for the dynamic codebook cases.
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Agreement:


Number of bits for TB-level CRC is: LTB,CRC =24 bits, at least for TBs larger than a threshold (e.g. around 512 bits)


FFS the value of LTB,CRC for TBs smaller than the threshold, and the value of the threshold (0 is not precluded)


If a TB is segmented into 2 or more CBs after code block (CB) segmentation,


CB-level CRC is applied, i.e., CRC bits are attached to each code block individually (as in LTE)


Number bits for CB-level CRC is: 0 < LCB,CRC <= 24 bits


Exact value(s) LCB,CRC are to be agreed after base graph(s) are agreed, taking into account inherent LDPC PC capability


FFS whether for a code block group (CBG) containing 2 or more CBs but not all CBs of the TB, any additional CRC bits are attached to the CBG


To be decide after decision on the value(s) of LCB,CRC 








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 





Agreement: 


CBG-level CRC is not adopted





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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