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1 Introduction

This contribution considers residual aspects of CA operation, including:

a) Determination of semi-static HARQ-ACK codebook 
b) Determination of dynamic HARQ-ACK codebook 
c) TPC for PUCCH on Pscell 
2 Discussion 
2.1 Semi-static HARQ-ACK codebook determination 
RAN1 agreed to determine the semi-static HARQ-ACK codebook based on DL association set that is in turn partially based on the configured set of HARQ-ACK timings K1. No DAI fields are included in DL grants. However, the DL association set is the set of possible PDSCH transmissions associated with the same PUCCH. This set is not determined by the set of HARQ-ACK timings alone but it is also based on the configured set of PDSCH time domain resources (pdsch-symbolAllocation), PDCCH monitoring occasions, and valid slot/symbols for potential PDSCH transmissions (UL-DL-configuration-common and UL-DL-configuration-dedicated). 
The time domain resource of PDSCH is dynamically indicated by DCI from an RRC configured table pdsch-symbolAllocation, where each row of the table includes the slot offset K0, the start symbol S and duration L within a slot, and the PDSCH mapping type (slot or non-slot). In addition, multi-slot PDSCH can be configured by higher-layer parameter aggregation-factor-DL >1. Using non-slot based PDSCH design (PDSCH mapping type B), a gNB may schedule more than one PDSCHs within a slot. Considering the processing complexity, multiple PDSCHs in a slot for a UE are assumed to not overlap in time. Therefore, the valid candidate PDSCH reception occasions should be counted according to the number of non-overlapped PDSCH time domain resources from the pdsch-symbolAllocation table that may include overlapped PDSCH resources. Figure 1(a) shows an example for a 5-row pdsch-symbolAllocation table. For simplicity, 5 combinations are 
(a) K0 =1, starting symbol S =0, symbol duration L=10 and PDSCH mapping type A, 
(b) K0 =1, starting symbol S =3, symbol duration L=2 and PDSCH mapping type B, 
(c) K0 =1, starting symbol S =4, symbol duration L=7 and PDSCH mapping type B, 

(d) K0 =0, starting symbol S =6, symbol duration L=4 and PDSCH mapping type B, and 
(e) K0 =0, starting symbol S =10, symbol duration L=4 and PDSCH mapping type B. 
The potential PDSCH transmissions can be overlapped in time, e.g., (a) 10-symbol type A mapping and (b)/(c)/(d) type B mappings or partially overlapped PDSCH for type B mappings. However, the actually transmitted PDSCHs for a UE are not overlapped in time, e.g., the gNB can schedule (a) and (e), or (b), (d) and (e) as shown in figure 1(b). The maximum number of valid candidate PDSCH reception occasions per slot is 3 without assuming any other limitation on potential PDSCH transmissions.   
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Figure 1(a)                                                                          Figure 1(b)
If the limitations on potential PDSCH transmissions in a slot are considered, some of rows can be deleted so that the number of valid candidate PDSCH reception occasions per slot can be further reduced to reduce the HARQ-ACK codebook size that can be large for a semi-static HARQ-ACK codebook. Limitations factors include the following. 
· Valid slot and symbols for candidate PDSCH reception occasions 
The candidate PDSCH reception occasions are derived by the set of HARQ-ACK timings K1 and the pdsch-symbolAllocation table. However, not all these candidate PDSCH reception occasions are valid, because some slot 
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derived by HARQ-ACK timings in set K1 may fall into an UL slot and PDSCH time domain resource configured in table pdsch-symbolAllocation may fall into UL symbols. If at least one OFDM symbol of a candidate PDSCH reception occasion in slot 
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 is configured as UL by a semi-static DL/UL assignment, the candidate PDSCH reception occasion should be excluded from the semi-static HARQ-ACK codebook determination. As shown in Figure 2, assuming the last two symbols in the slot are configured as UL by a semi-static UL/DL configuration, PDSCH time domain resource (e) is not schedulable and the number of valid candidate PDSCH reception occasions in the slot is reduced to 2. In case of multi-slot PDSCH, the HARQ occasion is excluded only if all aggregation-factor-DL slots of this HARQ occasion fall in UL slot/symbols configured by higher-layers. 
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Figure 2













· PDCCH monitoring occasions
PDCCH monitoring occasions may occur once every several slots or occur more than once in a slot depending on gNB configuration. A UE shall monitor PDCCH in all PDCCH occasions in DL symbols and flexible symbols configured by a semi-static DL/UL assignment if the flexible symbols are not overridden by dynamic SFI as UL or flexible. To avoid HARQ-ACK codebook ambiguity due to miss-detection of dynamic SFI, PDCCH monitoring occasions for semi-static HARQ-ACK codebook determination should not depend on dynamic SFI.   
If multiple K0 values are configured to support both same and cross-slot scheduling, more than one DL slot can be the candidate PDCCH monitoring slot associated with one candidate PDSCH reception occasion. Therefore, candidate PDCCH occasions for semi-static HARQ-ACK codebook determination should be determined by both PDCCH to PDSCH slot offset K0  indicated by pdsch-symbolAllocation table and HARQ-ACK timing K1. Similar to candidate PDSCH reception occasions, not all candidate PDCCH monitoring occasions are valid because some slot 
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 may fall into an UL slot or may not belong to any configured PDCCH monitoring occasion. Obviously, the candidate PDSCH reception occasion in slot 
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is invalid if the associated PDCCH occasion in slot 
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 is invalid. As shown in Figure 3, assuming the PDCCH associated to PDSCH time domain resource (b) is not available (either a slot 
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 is an UL slot or no PDCCH search space configured in slot 
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), PDSCH time domain resource (b) is not schedulable and therefore the number of valid candidate PDSCH reception occasions in the slot is further reduced to 1.


[image: image11.emf]Slot

10 symbol

 duration

2 symbol 

duration

0 1 2 3 4 5 6 7 8 9 10 11 12 13

7 symbol 

duration

4 symbol 

duration

4 symbol 

duration

UL

PDCCH

No PDCCH available


Figure 3
Proposal 1: Determination of the semi-static HARQ-ACK codebook in slot n should consider the PDCCH monitoring occasions in slot n - K0 - K1, in addition to the valid candidate PDSCH reception occasions according to HARQ-ACK timings K1, the PDSCH time domain resource allocation pdsch-symbolAllocation, and the higher-layer configurations provided by UL-DL-configuration-common/UL-DL-configuration-common-Set2/UL-DL-configuration-dedicated. 
The above analysis is for a given BWP and a given DCI format. Generally, HARQ-ACK of PDSCHs in different BWPs or scheduled by different DCI formats can be transmitted in the same PUCCH or PUSCH, for example for CA operation and PUCCH transmission on the PCell. Therefore, the impact of multiple BWPs and multiple DCI formats on the semi-static HARQ-ACK codebook should also be considered. 
· The impact of different DCI formats 
The HARQ-ACK timings K1, the pdsch-symbolAllocation table, and the PDCCH occasion configuration can be configured separately for DCI format 1_0 and DCI format 1_1. Consequently, the HARQ-ACK codebook is a superset of the DL association sets per DCI format. The extreme case of HARQ-ACK payload would be up to 16 slots per serving cell, where a set for 8 slots is derived by a default set of K1 {1,2,3,4,5,6,7,8} for DCI format 1_0 and another set for 8 slots is derived by a RRC configured set of K1 for DCI format 1_1, e.g., {0,9,10,11,12,13,14,15}. Of course, such over-reserved HARQ-ACK payload leads to poor HARQ-ACK transmission efficiency, considering that the probability of such many PDSCH transmissions being scheduled by both DCI formats and aggregating HARQ-ACK for these PDSCHs in one PUCCH can be expected to be extremely low. To reduce the HARQ-ACK payload, restricting the HARQ-ACK timings K1 of DCI format 1_0 as a subset of DCI format 1_1 would be desirable with marginal impact of scheduling flexibility. A similar restriction can apply for the pdsch-symbolAllocation table. 
Moreover, the number of HARQ-ACK bits per PDSCH scheduled by DCI format 1_0 and DCI format 1_1 may be different, e.g., a single bit HARQ-ACK may be provided for DCI format 1_0 and two bits HARQ-ACK may be provided for DCI 1_1 if the value of higher layer parameter Number-MCS-HARQ-DL-DCI =2. For the HARQ occasion that can be scheduled by only one DCI format, the number of HARQ-ACK bits can be determined by the DCI format. For HARQ occasions schedulable by either DCI format 1_0 or 1_1, the number of HARQ-ACK bits should be determined by the maximum payload, e.g.,  two HARQ-ACK bits if Number-MCS-HARQ-DL-DCI =2.
· The impact of different BWP
RAN1 agreed that ‘A UE is not expected to transmit HARQ-ACK if a UE’s active UL BWP is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission at least for the paired spectrum’. If this agreement is also applicable for unpaired spectrum, the DL BWP shall not be switched within the DL association set. However, gNB can dynamically switch DL BWPs on serving cells not transmitting PUCCH or PUSCH with HARQ-ACK, which does not impact the UL BWP of serving cell transmitting HARQ-ACK. Therefore, unless the UE drops the HARQ-ACK transmission if the DL BWP on any cell changes, the semi-static HARQ-ACK codebook should support the case of DL BWP switching on a SCell. 
The configuration for HARQ-ACK timings K1, pdsch-symbolAllocation table, and PDCCH monitoring occasions are per BWP. Therefore, the possible HARQ occasions for HARQ-ACK determination can vary among BWPs. Moreover, the number of HARQ-ACK bits per PDSCH can vary per BWP since the value of Number-MCS-HARQ-DL-DCI or the value of codeBlockGroupTransmission is BWP specific. Furthermore, DL SPS configuration is per BWP. All these BWP specific parameters impact the semi-static HARQ-ACK codebook. 
To avoid any confusion between the UE and the gNB for the semi-static HARQ-ACK codebook size, the semi-static HARQ-ACK codebook has to be independent of the active BWP. This requires that the semi-static HARQ-ACK codebook is determined based on the superset of possible HARQ occasions over all configured BWPs. Then, the number of HARQ-ACK bits per HARQ occasion is determined by the maximum payload of the DCI formats for BWPs associated with the HARQ occasion. Alternatively, some reasonable restriction that a UE is not expected to include HARQ-ACK for PDSCH in different BWPs in a same HARQ-ACK codebook can be assumed. Then, the HARQ-ACK codebook is determined according to the single active BWP.  
Proposal 2: The semi-static HARQ-ACK codebook determinationconsiders multiple DCI formats and BWPs.
· If a UE is configured to monitor both DCI format 1_0 and DCI format 1_1, the UE can assume that the HARQ-ACK timings K1 and pdsch-symbolAllocation table for DCI format 1_0 are a subset of the ones for DCI format 1_1. 
· If a UE is configured with multiple BWPs, the superset of possible HARQ occasions of all configured BWP applies.

Another open issue for the semi-static HARQ-ACK codebook is the HARQ-ACK codebook determination when the UE receives only one PDSCH on the Pcell. The current working assumption is that the UE reports HARQ-ACK only for the one PDSCH and it is FFS whether additional constraints are necessary for such operation. The main concern is the potential ambiguity between gNB and UE when, for example, the gNB schedules one or more PDSCH on Pcell and one or more PDSCHs on other serving cells but UE only detect a single PDSCH on Pcell. As DCI format 1_0 includes a counter DAI, the probability of such ambiguity is lower when DCI format 1_0 is used than when DCI format 1_1 (that does not include DAI) is used. Therefore, the additional constraint is related to the robustness of the fall-back for the semi-static HARQ-ACK codebook which is achieved when the UE detects only DCI format 1_0 on the PCell. The fall-back operation could only apply when UE detects a single PDSCH on Pcell scheduled by a DCI format 1_0 with C-DAI=1. The UE can report HARQ-ACK according to semi-static HARQ-ACK codebook for other cases. 
Proposal 3: If a UE is configured with semi-static HARQ-ACK codebook, when the UE detects only one PDSCH on the PCell that is scheduled by a DCI format 1_0 with counter DAI value of 1, the UE reports HARQ-ACK only for the one PDSCH.
2.2 Dynamic HARQ-ACK codebook determination 
NR supports dynamic timing between DL assignment and PDSCH from a set of K0, which supports same-slot and cross-slot scheduling. In one PDCCH occasion, a UE can detect more than one PDCCHs scheduling PDSCHs on a serving cell, e.g., in different slots or in the same slot but different symbols as shown in Figure 4. According to the current specification in TS 38.213, there are two loops for the dynamic HARQ-ACK codebook determination, first in increasing order of serving cell index and then increasing order of the PDCCH monitoring occasion index. The case of multiple PDCCHs, for a same serving cell and same PDCCH monitoring occasion, scheduling respective multiple PDSCHs that do not overlap in time is not included. To complete the design of the dynamic HARQ-ACK codebook, one additional loop is needed within the loop of the serving cell index to account for multiple PDCCHs in a PDCCH monitoring occasion. One relevant issue is the DAI value determination. 
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Figure 4 Multiple PDCCHs in one PDCCH occasion
Proposal 4: The dynamic HARQ-ACK codebook supports the case of multiple PDCCHs scheduling respective PDSCHs for a serving cell from a same PDCCH occasion. 

Another issue for the dynamic HARQ-ACK codebook is how to determine the number of HARQ-ACK bits per PDSCH. The number of HARQ-ACK bits per PDSCH may vary with the number of TBs and the number of CBGs. Two sub-codebooks for CBG-based feedback and TB-based feedback avoid confusion between different feedback granularities. But there still exists HARQ-ACK codebook size ambiguity within a sub-codebook as the number of TBs per PDSCH is determined by the value of higher layer parameter Number-MCS-HARQ-DL-DCI that is configured per BWP. Considering that a UE may not realize in which BWP it is scheduled when the UE determines that it missed some PDCCH(s), the UE should always report two bits if at least one DL BWP of one serving cell is configured with Number-MCS-HARQ-DL-DCI =2 and HARQ-ACK-spatial-bundling-PUCCH = FALSE.  Similar as LTE, the DCI format is irrelevant to the number of HARQ-ACK bits (i.e. the UE reports 2 HARQ-ACK bits regardless of whether, for a PDCCH monitor occasion, the UE is configured to monitor DCI format 1_0, DCI format 1_1, or both). 
Proposal 5: UE reports two HARQ-ACK bits if the UE is configured with Number-MCS-HARQ-DL-DCI =2 and HARQ-ACK-spatial-bundling-PUCCH = FALSE for at least one DL BWP of one serving cell regardless of whether the UE detects DCI format 1_0 or DCI format 1_1. 

3 Conclusions

This contribution considered aspects for HARQ feedback, and proposes the following. 
Proposal 1: Determination of the semi-static HARQ-ACK codebook in slot n should consider the PDCCH monitoring occasions in slot n - K0 - K1, in addition to the valid candidate PDSCH reception occasions according to HARQ-ACK timings K1, the PDSCH time domain resource allocation pdsch-symbolAllocation, and the higher-layer configurations provided by UL-DL-configuration-common/UL-DL-configuration-common-Set2/UL-DL-configuration-dedicated. 
Proposal 2: The semi-static HARQ-ACK codebook determinationconsiders multiple DCI formats and BWPs.
· If a UE is configured to monitor both DCI format 1_0 and DCI format 1_1, the UE can assume that the HARQ-ACK timings K1 and pdsch-symbolAllocation table for DCI format 1_0 are a subset of the ones for DCI format 1_1. 
· If a UE is configured with multiple BWPs, the superset of possible HARQ occasions of all configured BWP applies.

Proposal 3: If a UE is configured with semi-static HARQ-ACK codebook, when the UE detects only one PDSCH on the PCell that is scheduled by a DCI format 1_0 with counter DAI value of 1, the UE reports HARQ-ACK only for the one PDSCH.
Proposal 4: The dynamic HARQ-ACK codebook supports the case of multiple PDCCHs scheduling respective PDSCHs for a serving cell from a same PDCCH occasion. 

Proposal 5: UE reports two HARQ-ACK bits if the UE is configured with Number-MCS-HARQ-DL-DCI =2 and HARQ-ACK-spatial-bundling-PUCCH = FALSE for at least one DL BWP of one serving cell regardless of whether the UE detects DCI format 1_0 or DCI format 1_1. 
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< Unchanged parts are omitted >
9.1.2
Type-1 HARQ-ACK codebook determination

This subclause applies if the UE is configured with HARQ-ACK-codebook=semi-static.
If a UE receives only a PDSCH on the PCell, the UE determines a HARQ-ACK codebook only for the PDSCH. The following procedures for a HARQ-ACK codebook determination apply when the UE does not receive only a PDSCH on the PCell.
9.1.2.1
Type-1 HARQ-ACK codebook in physical uplink control channel

For a serving cell 
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 and the active DL BWP and the active UL BWP, as described in Subclause 12, the UE determines a set of 
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 occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot 
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. The determination is based:

a) on a set of slot timing values 
provided by higher layer parameter DL-data-DL-acknowledgement for scheduling with DCI format 1_1; and
b) when provided, on a set of row indexes of a table provided by higher layer parameter pdsch-symbolAllocation and defining respective sets of slot offsets 
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, start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214]; and
c) when provided, on higher layer parameter UL-DL-configuration-common, higher layer parameter UL-DL-configuration-common-Set2 and higher layer parameter UL-DL-configuration-dedicated as described in Subclause 11.1; and
d) on a PDCCH monitoring periodicity, a PDCCH monitoring offset, and a PDCCH monitoring pattern within a slot for each search space in the set of search spaces configured to the UE for PDCCH candidates corresponding to DCI format 1_0 or DCI format 1_1 for serving cell 
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 as described in Subclause 10.1.

The UE determines 
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 occasions for candidate PDSCH receptions according to the following pseudo-code. 
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if the UE is provided higher layer parameter UL-DL-configuration-common, higher layer parameter UL-DL-configuration-common-Set2 or higher layer parameter UL-DL-configuration-dedicated and at least one OFDM symbol of the PDSCH time resource derived by row 
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, does not include at least one configured PDCCH monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 associated with 
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For rows of the superset of pdsch-symbolAllocation sets over all configured DL BWPs associated with a same value of 
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, the UE is not expected to receive more than one PDSCH in a same slot.  For a DL BWP, the UE is not expected to detect a DCI format 1_0 indicating a slot timing value 
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 that does not belong to the set of slot timing values provided by DL-data-DL-acknowledgement and indicated by DCI format 1_1, and the UE is not expected to detect a DCI format 1_0 with a PDSCH time resource not associated with a row of pdsch-symbolAllocation and indicated by DCI format 1_1.
If an occasion for a candidate PDSCH reception can be in response to a PDCCH with DCI format 1_1 and DCI format 1_0, or only in response to a PDCCH with DCI format 1_1,  and if higher layer parameter Number-MCS-HARQ-DL-DCI indicates reception of two transport blocks, when the UE receives a PDSCH with one transport block, the HARQ-ACK response is associated with the first transport block and the UE generates a NACK for the second transport block if spatial bundling is not applied (HARQ-ACK-spatial-bundling-PUCCH = FALSE) and generates HARQ-ACK value of ACK for the second transport block if spatial bundling is applied. 

If an occasion for a candidate PDSCH reception can be in response to a PDCCH with DCI format 1_1 or DCI format 1_0 from more than one DL BWPs, the UE determines the corresponding number of HARQ-ACK bits as the maximum number of HARQ-ACK bits over all the DL BWPs.   
A UE shall determine 
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 HARQ-ACK information bits of a HARQ-ACK codebook for transmission in a PUCCH according to the following pseudo-code. In the following pseudo-code, if the UE does not receive a transport block or a CBG, due to the UE not detecting a corresponding PDCCH with DCI format 1_0 or DCI format 1_1, the UE generates a NACK value for the transport block or the CBG. 
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if HARQ-ACK-spatial-bundling-PUCCH = FALSE, CBG-DL = OFF and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks on serving cell 
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 = HARQ-ACK bit corresponding to a second transport block of this cell;
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elseif HARQ-ACK-spatial-bundling-PUCCH = TRUE, and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in serving cell 
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 CBGs indicated by higher layer parameter CBGs-per-TB-DL for serving cell 
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9.1.2.2
Type-1 HARQ-ACK codebook in physical uplink shared channel

If a UE multiplexes HARQ-ACK in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by DCI format 0_0, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.2.1 except that HARQ-ACK-spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH.

If a UE multiplexes HARQ-ACK in a PUSCH transmission that is scheduled by DCI format 0_1, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.2.1 when a value of the DAI field in DCI format 0_1 is 
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