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1 Introduction
In the RAN1 #90 meeting [1], some agreements about the HARQ codebook were given as follows:
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In the RAN1 NR #90bis meeting [2], some agreements about the HARQ codebook and CBG were given as follows:
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In this contribution, we give some considerations and proposals for operating dynamic and semi-static HARQ codebook configuration with CBG-based transmission and retransmission.
2 CBG number and dynamic HARQ codebook
From the agreement in RAN1 #90bis, both semi-static and dynamic codebook for multiple bits of HARQ ACK/NACK feedbacks are supported for both CA [1] and non-CA [2]. In operation of the dynamic codebook, the granularity of dynamicity can be an issue, starting 1 as baseline. Let we assume the situation that the CBG-based transmission is configured. If the semi-static mode is configured, the number of HARQ A/N bits for a corresponding TB configured with multiple CBGs must be semi-static. However, things can go different when dynamic codebook is configured.
The number of TBs corresponded to one HARQ A/N bitstream is generally variable with or without limitation. If the numbers of CBGs are same for all TBs, the number of corresponding HARQ A/N bits can be determined by the multiplication of the number of CBGs in a TB and the number of TBs. However, the number of actually transmitted CBGs is not always same among the TBs in practical. Supporting all the variance or giving segmentation is a matter of selection considering pros/cons of each approach. One basic approach is fixing the number of CBGs in a TB and indicating only the number of the TBs. 
Observation 1: The number of HARQ A/N bits for a TB configured with multiple CBGs can be semi-static even in dynamic codebook configuration.
If the number of HARQ A/N bits for a TB is also dynamic, it is desired to be the number of corresponding HARQ A/N bits without compression is nearly same with the number of actually transmitted/retransmitted CBGs of whole corresponding TBs. Note that if the compression is not supported, then the A/N bits number cannot be smaller than the CBG number.
Method for approaching the TB-CRC check failure case can also be different at the dynamic codebook case from the method of semi-static that is already been agreed in [2]. Adding 1 bit for reporting such case is the easiest and reasonable solution at least for the dynamic codebook case, still the other options like using another PUCCH format or inducing block failure are also considerable. When the maximum CBG number is configured to 2 and ‘adding 1 bit’ for the TB-CRC check failure is adopted for the dynamic codebook case, there is no merit to use dynamic bit number in a TB.
Proposal 1: Use semi-static number of HARQ A/N bits for a TB configured with maximum 2 CBGs even when dynamic codebook is configured, at least if adding 1 bit to HARQ feedback for TB-CRC check failure is adopted for the dynamic codebook case.
On the other hand, using variable HARQ A/N bit number with dynamic codebook has definite advantage when the configured CBG number is large enough. Assuming that the CBG error probability [image: image4.png]


 is near 1/10 as practical, the average number of retransmitted CBG is below 1 for any configurable CBG numbers, since the maximum configurable number is lower than 10. That is, the HARQ A/N bit number usually decreases substantially at the retransmission when the dynamic codebook is configured.
Proposal 2: Use dynamic number of HARQ A/N bits for a TB configured as the maximum number of CBGs is more than 2 when dynamic codebook is configured.
Now we focus on the single CW case. Things go much easier for this case, since the TBs can be well-organized. Every TB can share the same method, so configuring dynamicity can be determined at the same time with the CBG configuration. Regarding the former notification again, we give our final proposal as follows:
Proposal 3: Consider using dynamic HARQ A/N codebook always for a TB configured as the maximum number of CBGs is more than [2, 4] for the single CW case.
Using Proposal 3 and extension of Proposal 1 with the logic of exhaustion, the indication of semi-static/dynamic mode may be performed implicitly at single CW case. In this scenario, the configuration can be performed consequentially by configuring the maximum number of CBGs. The same manner can also be adopted at multiple CW case, controlling dynamicity of inside of a TB.
3 Summary
This contribution gives the following observations and proposals about the HARQ codebook modes when CBG-based transmission is configured.
Observation 1: The number of HARQ A/N bits for a TB configured with multiple CBGs can be semi-static even in dynamic codebook configuration.
Proposal 1: Use semi-static number of HARQ A/N bits for a TB configured with maximum 2 CBGs even when dynamic codebook is configured, at least if adding 1 bit to HARQ feedback for TB-CRC check failure is adopted for the dynamic codebook case.
Proposal 2: Use dynamic number of HARQ A/N bits for a TB configured as the maximum number of CBGs is more than 2 when dynamic codebook is configured.
Proposal 3: Consider using dynamic HARQ A/N codebook always for a TB configured as the maximum number of CBGs is more than [2, 4] for the single CW case.
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Agreements:


Confirm the WA at RAN1 NR AH#2


HARQ-ACK transmission related to multiple DL component carriers is supported for DL component carriers operating with the same and different numerology


The time granularity of a HARQ-ACK transmission on PUCCH, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission


FFS: For cross-carrier scheduling, support the following functionalities


Multi-slot scheduling (i.e., one DCI schedules N slots with N TBs)


For NR CA, for the scenario that all the carriers are 15Khz, around [32.47us] maximum uplink timing difference between two TAGs should be assumed in NR


Granularity of TA for SCS = 15kHz is same as LTE


Maximum number of TAGs is 4


Note: final decision of the maximum timing difference is up to RAN4


FFS: for other scenarios


For NR CA, both semi-static and dynamic HARQ-ACK codebook are supported


NR supports 2 cell groups for PUCCH for NR CA


NR supports at least the configuration of one carrier transmitting the PUCCH within the cell group


FFS The carrier transmitting the PUCCH is always PCC and/or carrier(s) transmitting the PUCCH can be SCC in a cell group containing PCC





Agreements:


For NR non-CA, both semi-static and dynamic HARQ-ACK codebook are supported by configuration


Note: the “by-configuration” is also applicable to the CA case





Agreements:


In single CW configuration, the maximum configurable number of CBGs per TB is 8


The possible max number of CBGs per TB is 2, 4, 6, 8


In multiple CW configuration, the maximum configurable number of CBGs per TB is 4


In multiple CW configuration, the configured maximum number of CBGs per TB is the same between TBs 





Agreements:


For the case when the semi-static HARQ-ACK codebook with HARQ-ACK multiplexing which includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s)) is used,


NACK is reported for all the CBGs if TB CRC check is not passed while CB CRC check is passed for all the CBs


NACK is mapped for the empty CBG index if the number of CBs for a TB is smaller than the configured maximum number of CBGs











