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[bookmark: _Ref228947482]In this contribution, we share some views on HARQ-ACK codebook and HARQ feedback timing determination. We discuss how to generate dynamic HARQ-ACK codebook for CA with CBG configuration. For HARQ-ACK feedback timing, both slot and non-slot based operations are discussed. Section 2 in this contribution is revised from [1]. Section 3 in this contribution is a new part.
Dynamic HARQ-ACK codebook determination
For dynamic HARQ-ACK codebook determination in CA without CBG configuration, the following agreement has been achieved in the last meeting [2].
For dynamic HARQ-ACK codebook determination in CA with CBG configuration, there is no consensus but some alternatives have been summarized (but not limited to these) in [3]. In this section, we share some views on dynamic HARQ-ACK codebook for the case with CBG configuration. Agreements:
· Dynamic HARQ-ACK codebook (per PUCCH group) for the case without CBG configuration
· HARQ-ACK codebook determination based on counter DAI and total DAI
· Use LTE as starting point
· FFS details


In LTE release 13 eCA, counter DAI and total DAI have been introduced to facilitate a UE in generating the dynamic HARQ-ACK codebook. DAI actually counts the number of PDCCH, and HARQ-ACK bits will be reserved according to the maximum number of TBs (i.e. two TBs) if at least one of the CCs is configured with spatial multiplexing. 


Figure 1. An example based on LTE DAI principles
In NR, CBG-based configuration is a new dimension to be addressed. To generate the dynamic HARQ-ACK codebook, the most straightforward way is reusing LTE DAI principles as aforementioned. As an example shown in Figure 1, a UE needs to feedback HARQ-ACK for PDSCHs received within the HARQ-ACK multiplexing window. It is assumed that only 1 TB is scheduled by a PDCCH in a colored slot, and different CCs have different maximum numbers of CBGs. “CBG=1” here represents TB-based HARQ-ACK feedback. Assuming 1 bit HARQ-ACK per CBG, and that the HARQ-ACK bits are reserved according to the maximum number of CBGs for any CC, then each TB will correspond to 4 HARQ-ACK bits. In Figure 1, (x/y) denotes the counter DAI and total DAI with true values (before “mod” operation). Under these assumptions, the dynamic HARQ-ACK codebook size is 78 in Figure 1. However, ideally a 38-bit HARQ-ACK payload would be sufficient. Therefore, purely reusing LTE DAI principles will lead to some unwanted payload increase. 


         
 Figure 2. An example based on LTE DAI principles                 Figure 3. An example with DAI counting CBGs
The increased payload comes from the redundant HARQ-ACK bits reserved according to the maximum number of CBGs, and the redundant HARQ-ACK bits will be reserved for all the CCs. A simple CC-grouping method can be used to further reduce the HARQ-ACK codebook size. 
An example is shown in Figure 2, where CC grouping is performed onto CCs in Figure 1 based on the maximum number of CBGs for each CC. In Figure 2, CCs with the same maximum number of CBGs are within a group, and CCs with different maximum number of CBGs are within another group. The counter DAI and total DAI are transmitted per group. LTE DAI principles (i.e. reserving HARQ-ACK bits according to the maximum number of CBGs) are used within each group to generate an individual HARQ-ACK codebook. The final HARQ-ACK codebook will be obtained by concatenating the HARQ-ACK codebooks from all the groups. For the group containing CCs with the same maximum number of CBGs, there will be no redundant HARQ-ACK bits at all. For the group containing CCs with different maximum numbers of CBGs, redundant HARQ-ACK bits may be reserved only for CCs within that group but not for all the 8 CCs. Therefore, HARQ-ACK feedback overhead can be reduced. In Figure 2, the size of the dynamic HARQ-ACK codebook is 42 which has been reduced compared with the HARQ-ACK codebook size 78 in Figure 1. 
Another example is shown in Figure 3. For the group containing CCs with the same maximum number of CBGs, LTE DAI principles with DAI counting PDCCHs are used. However, for the group containing CCs with different maximum numbers of CBGs, DAIs are redesigned to count the number of CBGs. For instance, counter DAI and total DAI are used to indicate the starting position and total number of CBGs respectively. In this way, the size of the dynamic HARQ-ACK codebook will achieve the desired value 38. But some DCI overhead increase would be expected due to the larger DAI size. However, the DCI overhead increase is introduced only for a subset of CCs but not for all the CCs.
In Figure 1, to combat missing PDCCHs the same total DAI can be repeated over all the CCs. CC grouping may have fewer CCs within each group and thus have fewer opportunities to repeat the total DAI. To keep a similar robustness against missing PDCCHs, it can be considered to use higher aggregation levels for these PDCCHs. 
CC grouping can apply to the case where a CC is configured with TB-based HARQ-ACK feedback. As shown in Figure 2, it is counted as “CBG=1” for TB-based HARQ-ACK feedback. CC grouping can also be extended to the case with two TB transmission (spatial multiplexing). In this case, the maximum number of CBGs can be counted as twice the maximum for a single TB. To be more generic, CCs should actually be grouped based on the maximum total required number of HARQ-ACK bits. Based on all the above analyses, we give the following proposal.
Proposal 1: Dynamic HARQ-ACK codebook in CA with CBG configuration is determined by following steps.
1) CCs are grouped based on the maximum required number of HARQ-ACK bits corresponding to a PDCCH (DL assignment)
2) For the group only containing CCs with the same maximum number of HARQ-ACK bits 
· Counter DAI and total DAI in LTE are used to generate an individual HARQ-ACK codebook
3) For the group containing CCs with different numbers of HARQ-ACK bits, FFS the following options:
· Option1: Counter DAI and total DAI in LTE are used to generate an individual HARQ-ACK codebook. HARQ-ACK bits are reserved according to the maximum number of HARQ-ACK bits among the CCs within the group
· Option 2: counter DAI and total DAI counting CBGs are used to generate an individual HARQ-ACK codebook
4) The final HARQ-ACK codebook is obtained by concatenating the HARQ-ACK codebooks from all the groups

HARQ-ACK feedback timing determination
HARQ-ACK timing for slot based operation
In RAN1#90bis meeting, the following agreements are given:
· The timing between DL data transmission and acknowledgement is determined based on 0 or [2] bits in DCI 
· For both slot and non-slot scheduling, the timing provides the indication to determine the slot and the symbol(s) for the HARQ-ACK transmission
· In case of [2]-bits, FFS the actual set of values for slot-based scheduling and non-slot based scheduling, respectively
· In case of 0-bit, FFS how to determine the single timing (e.g., UE capability dependent, whether or not to have RRC configuration, the interactions with different cases (e.g., initial access), etc.)
· FFS whether or not to have separate information fields or a same information field for HARQ-ACK resource determination and HARQ-timing determination
This section gives our opinion on the above FFS first. 
In RAN1 NR Ad-Hoc #1, it was agreed that delay between DL data (PDSCH) reception and corresponding acknowledgement transmission in UL (K1) is indicated by a field in the DCI from a set of values.
In case of [2]-bits, the actual set of values for slot-based scheduling can be configured as {2, 3, 6, 8} slots by higher layers, and a 2-bit field in DCI could be used to indicated the actual value of K1. 
In case of 0-bit, the HARQ timing can be determined by RRC configuration only or based on UE capability. For example, the minimal and maximum of HARQ timing values (at least include K1 and K2) can be separately configured for different subcarriers spaces and/or data transmission durations by higher signaling. The actual value of K1 and K2 are checked by UE from the configured minimal value to maximal value in the case of 0-bit scenario. 
Proposal 2: In case of [2]-bits timing indication in the DCI, the actual set of values for slot-based scheduling can be configured as {2, 3, 6, 8} slots by higher layer, and a 2-bit field in DCI could be used to indicated the actual value of K1. 
Proposal 3: In case of 0-bit timing indication in the DCI, the HARQ timing can be determined by RRC configuration only or based on UE capability.
An open issue related to dynamic timing indication of the HARQ-ACK timing involving higher layer configuration is the operation in the cases when RRC connection has not yet been established. Timing must be defined according to a conservative approach since the gNB is not yet aware of the processing capability of the UE. 
A default value can be predefined or configured by system information to solve this problem. The default value can be mapped to one of the values which are indicated by [2] bits in DCI. After that, the set of values include this default value.
Proposal 4: For the case when RRC connection has not yet been established and the timings are unknown to UE, a default value can be predefined or configured by system information, and the default value is mapped to one of the values which are indicated by [2] bits in DCI. 

If two separate information fields are designed for HARQ-ACK resource determination and HARQ-timing determination, it results in the decoding complexity for UE. Hence, the HARQ-ACK resource determination and the HARQ-timing determination can be indicated by a same information field. 

Proposal 5: The HARQ-ACK resource determination and the HARQ-timing determination can be indicated by the same information field.

HARQ-ACK timing for non-slot based operation
The physical layer signaling (e.g. [2] bits in DCI) will be used to notify UE which slot the PUCCH is transmitted for indicating the HARQ feedback timing. The starting position of PUCCH transmission with symbol level granularity can be supported by DCI as well. This can be indicated dynamically from the set of values configured by higher layer signaling. The DCI indicate the actual start symbol for PUCCH. The length of the PUCCH transmission with symbol level granularity can be indicated by DCI as well. Therefore, the HARQ feedback timing is determined by two delay parameters: one in the unit of slots, and another in the unit of OFDM symbols. These two parameters are notified to the UE by L1 signaling DCI. The HARQ feedback timing and PUCCH resource allocation information are included in the same DCI. 
Proposal 6: The HARQ feedback timing is determined by two delay parameters for non-slot based operation: one with the unit of slots, and another with the unit of OFDM symbols. These two parameters are notified to UE by L1 signaling, DCI. The HARQ feedback timing and PUCCH resource allocation information for non-slot based operation are included in the same DCI.

Conclusions
In this contribution, we share some views on dynamic HARQ-ACK codebook determination in CA with CBG configuration and HARQ-ACK feedback timing for both slot and non-slot based operations. Based on the analyses, the following proposals are provided.
Proposal 1: Dynamic HARQ-ACK codebook in CA with CBG configuration is determined by following steps.
1) CCs are grouped based on the maximum required number of HARQ-ACK bits corresponding to a PDCCH (DL assignment)
2) For the group only containing CCs with the same maximum number of HARQ-ACK bits 
· Counter DAI and total DAI in LTE are used to generate an individual HARQ-ACK codebook
3) For the group containing CCs with different numbers of HARQ-ACK bits, FFS the following options:
· Option1: Counter DAI and total DAI in LTE are used to generate an individual HARQ-ACK codebook. HARQ-ACK bits are reserved according to the maximum number of HARQ-ACK bits among the CCs within the group
· Option 2: counter DAI and total DAI counting CBGs are used to generate an individual HARQ-ACK codebook
4) The final HARQ-ACK codebook is obtained by concatenating the HARQ-ACK codebooks from all the groups

Proposal 2: In case of [2]-bits timing indication in the DCI, the actual set of values for slot-based scheduling can be configured as {2, 3, 6, 8} slots by higher layer, and a 2-bit field in DCI could be used to indicated the actual value of K1. 
Proposal 3: In case of 0-bit timing indication in the DCI, the HARQ timing can be determined by RRC configuration only or based on UE capability.
Proposal 4: For the case when RRC connection has not yet been established and the timings are unknown to UE, a default value can be predefined or configured by system information, and the default value is mapped to one of the values which are indicated by [2] bits in DCI.
[bookmark: _GoBack]Proposal 5: The HARQ-ACK resource determination and the HARQ-timing determination can be indicated by the same information field.
Proposal 6: The HARQ feedback timing is determined by two delay parameters for non-slot based operation: one with the unit of slots, and another with the unit of OFDM symbols. These two parameters are notified to UE by L1 signaling, DCI. The HARQ feedback timing and PUCCH resource allocation information for non-slot based operation are included in the same DCI.
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