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1 Introduction

This contribution considers residual aspects regarding HARQ feedback, including:

a) Determination of DL association set for semi-static HARQ-ACK codebook 
b) Determination of semi-static HARQ-ACK codebook with CBG-based transmission 
c) Determination of dynamic HARQ-ACK codebook with CBG-based transmission 
2 Discussion 
2.1 DL association set for Semi-static HARQ-ACK codebook 
RAN1 agreed to determine the semi-static HARQ-ACK codebook based on DL association set which is based on the configured set of HARQ-ACK timings K1 and no DAI in DL grants. However, essentially, the DL association set should be determined by the set of possible PDSCH transmissions associated with the same PUCCH, which is not determined by the set of HARQ-ACK timings alone. More specifically, the DL association set is also based on the configured set of PDSCH time domain resource allocations, PDCCH monitoring occasions, and valid slot/symbols for potential PDSCH transmissions. 
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 with higher-layer parameter aggregation-factor-DL >1.

· PDCCH monitoring occasions
PDCCH occasions may appear once every several slots or appear more than one time within one slot depending on gNB configuration. UE shall monitor PDCCH in all PDCCH occasions in DL symbols and flexible symbols configured by higher-layer signaling (UL-DL-configuration-common and UL-DL-configuration-dedicated, if provided), if it is not overridden by dynamic SFI as UL or flexible. To avoid HARQ-ACK codebook ambiguity due to miss-detection of dynamic SFI, PDCCH occasion for semi-static HARQ-ACK codebook determination should not be impacted by dynamic SFI.   
If multiple K0 are configured to support both self and cross-slot scheduling, then, more than one DL slot can be the candidate PDCCH monitoring slot associated with one PDSCH. Therefore, PDCCH occasions for HARQ-ACK codebook determination should be determined by both PDCCH to PDSCH slot offset K0 and HARQ-ACK timing K1. For example, for simplicity, consider only slot-based PDSCH, a set of configured K0  = 0,1,2,3, a set of configured K1 =0,1,2,…7,   and PDCCH periodicity of 2 slots. Then, as shown in Figure 1, for the HARQ-ACK codebook to be transmitted in slot n, PDCCH occasions in slot n-1, n-3, n-5 and n-7 with possible self and cross-slot scheduling K0  and slot n-9 with possible cross-slot scheduling K0 =2 or 3 should be counted in. In the case of multi-slot PDSCH, the PDCCH occasion is slot n- K0 - K1 - aggregation-factor-DL, because K1 is the slot offset between the last symbol of PDSCH and PUCCH.    
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Figure 1 PDCCH occasions determined by K0 and K1
· Valid slot and symbols for potential PDSCH transmission  
A UE is not expected to receive a PDCCH scheduling PDSCH transmission in an UL slot or a set of UL symbols (regardless of whether the UL slot is configured by higher-layer signaling or by SFI). It is possible that some PDSCH time domain resource configured in table pdsch-symbolAllocation falls into UL slot or UL symbols, while the gNB can find at least one proper PDSCH time domain resource to avoid scheduling direction conflict. HARQ occasions associated with PDSCH time domain resource falling in UL slot/symbols configured by higher-layers should be excluded for semi-static HARQ-ACK codebook determination. In the 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. 
· Possible HARQ occasions within a slot  

The slot and non-slot based PDSCH (PDSCH mapping type A/B) can be dynamically switched by DCI. If at least one row of pdsch-symbolAllocation is configured for PDSCH mapping type B, a UE may receive single or multiple PDSCHs in a single DL slot. The multiple non-slot based PDSCHs in the same DL slot can be scheduled by PDCCHs (indicating the same K0 but different starting symbol S) in a single PDCCH occasion. Figure 2(a) shows an example for a 4-row pdsch-symbolAllocation table. For simplicity, assuming the same K0, 4 combinations are (a) starting symbol S =0, symbol duration L=10 and PDSCH mapping type A, (b) starting symbol S =3, symbol duration L=2 and PDSCH mapping type B, (c) starting symbol S =4, symbol duration L=7 and PDSCH mapping type B, and (d) starting symbol S =10, symbol duration L=4 and PDSCH mapping type B. The potential PDSCH transmissions can be overlapped in time domain, e.g., (a) 10-symbol type A mapping and (b)/(c) type B mappings or partially overlapped PDSCH for type B mappings, but the actually transmitted PDSCH for a UE is not overlapped except the pre-emption case. Generally, gNB may consider the following scheduling options:

(1) Single type A PDSCH according to time resource allocation (a).
(2) Single or multiple type B PDSCH according to time resource allocation (b)/(c)/(d).
(3) One type A PDSCH according to (a) and one or multiple type B PDSCHs according to time resource allocation (b)/(c)/(d). Type A and type B PDSCHs can be non-overlapped, such as (a) and (d), or partially overlapped, such as (a) and (b), if gNB has to pre-empt eMBB for URLLC as shown in Figure 2(b). 
     To cover all possible scheduling options, determining the number of HARQ-ACK bits per slot according to the number of non-overlapped type B PDSCH time domain resources (=2 in Figure 2a/2b) plus one for type A PDSCH is a clean approach at the cost of over-reserved HARQ-ACK payload, because the probability of multiple type B PDSCH transmissions within a slot (as Figure 2 (c)) and aggregating HARQ-ACK of these PDSCHs in one PUCCH can be expected to be extremely low. To reduce the HARQ-ACK payload, generating one bit HARQ-ACK for type A PDSCH (if configured) and one bit HARQ-ACK for type B PDSCH (if configured) would be sufficient, with the restriction of at most one type B PDSCH can be scheduled within a slot for a PUCCH. Alternatively, if more than one type B PDSCHs are scheduled, the bundling can be performed to generate just one bit. If CBG-based transmission is configured, UE generates at most
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 bits for type B PDSCH for a slot. If Number-MCS-HARQ-DL-DCI indicates reception of two transport blocks, the number of HARQ-ACK bits is further doubled.   
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Figure 2(a)                                                                          Figure 2(b)
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Figure 2(c)  
Moreover, both PDCCH/PDSCH resources as well as CBG parameters are configured per BWP independently. The possible HARQ occasions for HARQ-ACK determination would vary from BWP to BWP.  To avoid any confusion of HARQ-ACK codebook size, the semi-static HARQ-ACK codebook has to be independent of active BWP, e.g., the semi-static HARQ-ACK codebook should be determined based on the superset of possible PDSCH occasions of all configured BWP. 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 1: The semi-static HARQ-ACK codebook in slot n should be determined by valid PDSCH time domain resource according to HARQ-ACK timing K1, PDCCH occasion in slot n- K0- K1, PDSCH time domain resource allocation pdsch-symbolAllocation, and higher-layer DL/UL configuration UL-DL-configuration-common/UL-DL-configuration-dedicated. 
2.2 semi-static HARQ-ACK codebook with CBG-based transmission

Another unclear point in [4] for semi-static HARQ-ACK codebook is the HARQ-ACK feedback for 2nd TB when the UE is configured by higher-layer CBG-DL = ON and Number-MCS-HARQ-DL-DCI with reception of two transport blocks. According to RAN1 agreement, in the case of CBG-based transmission for a serving cell c (CBG-DL = ON), the UE is configured by higher layer parameter CBGs-per-TB-DL for the serving cell c a maximum number 
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 of CBGs for generating respective HARQ-ACK information bits for a transport block reception.  If UE is configured Number-MCS-HARQ-DL-DCI with reception of two transport blocks, for each transport block, UE generates 
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 bits HARQ-ACK for a PDSCH. The description in spec [4] is only always feedback 
[image: image10.wmf]max

CBG/TB,

c

ACK,

HARQ

-

N

 for a PDSCH regardless of Number-MCS-HARQ-DL-DCI with reception of one or two transport blocks. It needs to be updated to separately treat the single and two transport blocks transmission mode. 
Proposal 2: Update the the corresponding text in [4] to capture  2*
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 bits HARQ-ACK per PDSCH when UE is configured Number-MCS-HARQ-DL-DCI with reception of two transport blocks. 
< Unchanged parts are omitted >
9.1
HARQ-ACK codebook determination 
9.1.2
Type-1 HARQ-ACK codebook determination
If a UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static and, based on maximum and minimum slot timing values provided to a UE by higher layer parameter DL-data-DL-acknowledgement and on a number of possible slot timing values, the UE determines a number 
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 of PDCCH monitoring occasion(s) for PDCCH with DCI format 1_0 or DCI format 1_1, for which the UE transmits a corresponding HARQ-ACK codebook in a same PUCCH or PUSCH. The determination for the number 
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 of PDCCH monitoring occasion(s) is based on the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot for each control resource set in the set of control resource sets configured to the UE as described in Subclause 10.1. For a serving cell and for a HARQ-ACK codebook determination, PDCCH monitoring occasions are indexed in an ascending order in time.  
For a UE monitoring occasion of 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 or HARQ-ACK-spatial-bundling-PUSCH = FALSE) and generates HARQ-ACK value of ACK for the second transport block if spatial bundling is applied. 

If a UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, the 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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 is a monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 on serving cell 
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,
if HARQ-ACK-spatial-bundling-PUCCH = FALSE, CBG-DL = OFF, 
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 is a monitoring occasion for PDCCH with DCI format 1_1, 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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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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elseif CBG-DL = ON, and 
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 CBGs indicated by higher layer parameter CBGs-per-TB-DL for serving cell 
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, and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of single transport block in serving cell 
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elseif CBG-DL = ON, and 
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 CBGs indicated by higher layer parameter CBGs-per-TB-DL for serving cell 
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, and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport block in serving cell 
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For HARQ-ACK transmission in a PUSCH, the UE shall determine a HARQ-ACK codebook according to the previous pseudo-code except that HARQ-ACK-spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH. 
< Unchanged parts are omitted >
2.3 Dynamic HARQ-ACK codebook 
When a UE is configured by higher-layer CBG-DL = ON for at least one serving cell, two HARQ-ACK sub-codebooks are generated for dynamic HARQ-ACK codebook. The first sub-CB is for PDSCHs with TB-based HARQ-ACK including PDSCH on serving cell with higher-layer CBG-DL = OFF or PDSCH scheduled by DCI format 1_0, and the second sub-CBs is for transmissions with CBG-based HARQ-ACK. To avoid any ambiguity of HARQ-ACK bits caused by missing PDCCH, the HARQ-ACK bit per PDSCH should be the same for all PDSCHs within one sub-CB. 

For sub-CB with TB-based HARQ-ACK, same mechanism as LTE is used. That is, spatial bundling is applied if UE is configured HARQ-ACK-spatial-bundling-PUCCH = TURE, or always feedback 2 bits per PDSCH if HARQ-ACK-spatial-bundling-PUCCH = FALSE and UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in at least one configured serving cell. 
For sub-CB with CBG-based HARQ-ACK, the HARQ-ACK bit per PDSCH is fixed, though higher layer parameter 
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 per transport block and higher layer parameter Number-MCS-HARQ-DL-DCI may be different for different serving cells. The HARQ-ACK bit per PDSCH can be determined as the maximum number of Number-MCS-HARQ-DL-DCI *
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 of all PDSCHs within the same sub-CB. The description in the spec [4] is not very clear and needs to be updated. 
Proposal 3: Update the corresponding text in [4] to capture the HARQ-ACK bit per PDSCH for sub-CB with CBG-based HARQ-ACK is the maximum number of (Number-MCS-HARQ-DL-DCI *
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< Unchanged parts are omitted >
9.1.3
Type-2 HARQ-ACK codebook determination 

9.1.3.1
Type-2 HARQ-ACK codebook in physical uplink control channel

If a UE is configured with higher layer parameter HARQ-ACK-codebook=dynamic, with higher layer parameter CBG-DL = OFF or is not configured higher layer parameter CBG-DL, a value of the counter downlink assignment indicator (DAI) field in DCI format 1_0 or DCI format 1_1 denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) associated with DCI format 1_0 or DCI format 1_1 or DCI format 1_0 indicating downlink SPS release is present, up to the current serving cell and current PDCCH monitoring occasion, first in increasing order of serving cell index and then in increasing order of PDCCH monitoring occasion index 
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 as described in Subclause 9.1.2 except that the maximum slot timing value is replaced by the slot timing value indicated in a first DCI format 1_0 or DCI format 1_1 that the UE detects and the minimum slot timing value is replaced by the slot timing value indicated in a last DCI format 1_0 or DCI format 1_1 that the UE detects and for which the UE transmits HARQ-ACK in a same PUCCH.
The value of the total DAI in DCI format 1_0 or DCI format 1_1 denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) associated with DCI format 1_0 or DCI format 1_1 or associated with DCI format 1_0 indicating downlink SPS release is present, up to the current PDCCH monitoring occasion 
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and shall be updated from PDCCH monitoring occasion to PDCCH monitoring occasion. 
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 as the value of the counter DAI in DCI format 1_0 or DCI format 1_1 scheduling PDSCH reception or indicating downlink SPS release for serving cell 
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 in PDCCH monitoring occasion 
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 according to Table 9.1.3-1. The UE shall assume a same value of total DAI in all DCI formats 1_0 or DCI format 1_1 scheduling PDSCH reception(s) and DCI format 1_0 indicating downlink SPS release in PDCCH monitoring occasion 
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If the UE transmits HARQ-ACK using PUCCH format 2 or PUCCH format 3 or PUCCH format 4, the UE shall determine the 
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if there is a PDSCH on serving cell 
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if the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = FALSE and 
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 is a monitoring occasion for PDCCH with DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in at least one configured serving cell,
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elseif the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = TRUE and 
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 is a monitoring occasion for PDCCH with DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in at least one configured serving cell,
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if the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = FALSE and 
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 is a monitoring occasion for PDCCH with DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in at least one configured serving cell,
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if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot within the 
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 monitoring occasions
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end if
For a monitoring occasion of a PDCCH with DCI format 1_1 in at least one serving cell, when a UE receives a PDSCH with one transport block and the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 2, 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 or HARQ-ACK-spatial-bundling-PUSCH = FALSE) and generates HARQ-ACK value of ACK for the second transport block if spatial bundling is applied. 

If a UE transmits HARQ-ACK using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and the UE is configured with
-
higher layer parameter HARQ-ACK-codebook=dynamic;
-
higher layer parameter CBG-DL = ON for 
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 serving cells; and
-
higher layer parameter CBG-DL = OFF, or is not configured with higher layer parameter CBG-DL, for 
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the UE shall determine the 
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 according to the previous pseudo-code with the following modifications
-
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 is used for the determination of a first HARQ-ACK sub-codebook for TB-based PDSCH receptions;
-
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 for the determination of a second HARQ-ACK sub-codebook corresponding to the 
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 serving cells for CBG-based PDSCH receptions, and

-
Instead of generating one HARQ-ACK information bit per transport block for a serving cell from the 
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 serving cells, the UE generates 
[image: image121.wmf]max

CBG/TB,

max

ACK,

HARQ

-

N

 HARQ-ACK information bits if a monitoring occasion includes PDCCH with DCI format 1_1 
, where 
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 it is Number-MCS-HARQ-DL-DCI =2 and 2*
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 HARQ-ACK information bits for the serving cell 
[image: image130.wmf]c

. If for a serving cell 
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 it is Number-MCS-HARQ-DL-DCI =1 and 
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 HARQ-ACK information bits for the serving cell 
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;
-
The pseudo-code operation for HARQ-ACK-spatial-bundling-PUCCH = TRUE is not applicable;

-
The UE generates the HARQ-ACK codebook by appending the second HARQ-ACK sub-codebook to the first HARQ-ACK sub-codebook.

Table 9.1.3-1: Value of counter DAI and total DAI in DCI format 1_0 or DCI format 1_1
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	Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating downlink SPS release is present, denoted as 
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< Unchanged parts are omitted >
3 Conclusions

This contribution considered aspects for HARQ feedback, and proposes the following. 
Proposal 1: The semi-static HARQ-ACK codebook in slot n should be determined by valid PDSCH time domain resource according to HARQ-ACK timing K1, PDCCH occasion in slot n- K0- K1, PDSCH time domain resource allocation pdsch-symbolAllocation, and higher-layer DL/UL configuration UL-DL-configuration-common/UL-DL-configuration-dedicated.
Proposal 2: Update the the corresponding text in [4] to capture  2*
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 bits HARQ-ACK per PDSCH when UE is configured Number-MCS-HARQ-DL-DCI with reception of two transport blocks. 
Proposal 3: Update the corresponding text in [4] to capture the HARQ-ACK bit per PDSCH for sub-CB with CBG-based HARQ-ACK is the maximum number of (Number-MCS-HARQ-DL-DCI *
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