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1 Introduction

This contribution considers residual aspects of CA operation, including:

a) Candidate PDSCH occasions for semi-static HARQ-ACK codebook
b) Overlapping HARQ-ACK feedback in multiple HARQ-ACK codebooks

c) HARQ-ACK codebook for multi-slot PDSCH
2 Discussion 
2.1 Candidate PDSCH occasions for semi-static HARQ-ACK codebook
RAN1 agreed that a semi-static HARQ-ACK codebook is determined based on DL association set that is in turn partially based on the configured set of HARQ-ACK timings K1. To reduce the HARQ-ACK codebook size for a semi-static HARQ-ACK codebook, restricting HARQ-ACK timings for DCI format 1_0 to be a subset of ones configured for DCI format 1_1 for a given cell was also agreed [1]. 
The HARQ-ACK codebook is also determined by the number of PDSCH reception occasions per slot, i.e. a max number of non-overlapping candidate unicast PDSCH occasions per slot as determined by the SLIV in the configured pdsch-symbolAllocation table and UL/DL configuration(s). The table can be different for DCI formats transmitted in UE-specific search space (USS) and common search space (CSS). Similar to restricting HARQ-ACK timings for DCI format 1_0 for reducing the HARQ-ACK codebook size, the number of PDSCH reception occasions per slot can be restricted to be determined by the table for DCI formats in USS and HARQ-ACK information for PDSCHs scheduled by DCI formats in CSS can be placed within these PDSCH occasions. One approach is to restrict the pdsch-symbolAllocation table for DCI formats detected in CSS to include a subset of SLIV values configured for DCI formats detected in a USS. Alternatively, the HARQ-ACK information bits for PDSCH scheduled by a DCI format in the CSS (if applicable) can be placed in the first PDSCH occasion derived for DCI formats detected in a USS.  
Proposal 1: The number of PDSCH reception occasions per slot is determined by pdsch-symbolAllocation table for DCI formats in a USS. PDSCH reception occasions for PDSCHs scheduled by DCI formats in the CSS is a subset of the ones for PDSCHs scheduled by DCI formats in a USS. 
Another component for reducing the semi-static HARQ-ACK codebook size is the PDSCH processing timing. More specifically, if the time duration between the first symbol of a PUCCH or a PUSCH with the HARQ-ACK information and the last symbol of a candidate PDSCH reception occasion is less than the PDSCH processing timing Tproc,1 defined in TS 38.214 (equation 1 below), that candidate PDSCH reception occasion is removed from the HARQ-ACK codebook. However, the PDSCH processing timing Tproc,1 for each candidate PDSCH reception is not semi-statically determined and this is against the purpose of using a semi-static HARQ-ACK codebook. For example, as the value of d1,1  in equation (1) depends on the PUSCH or PUCCH transmission time, an ambiguity happens if the UE does not detect the UL grant scheduling the PUSCH. Also, the value of d1,2  depends on the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH, but the scheduling PDCCH location is not known until UE detects the corresponding DCI format. Additionally, as the gNB may not know the exact TA value that the UE applies, PDSCH occasions without sufficient Tproc,1  before the the first symbol of PUCCH or PUSCH carrying HARQ-ACK may be miss-aligned between the gNB and the UE. Therefore, considering the PDSCH processing timing is not robust for the purposes of the semi-static HARQ-ACK codebook.
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Observation: Consideration of the PDSCH processing timing Tproc,1  can result to HARQ-ACK codebook size ambiguity.  
To further reduce the HARQ-ACK codebook size, the validity of PDCCH monitoring occasions can be considered (this could not be agreed in RAN1#92bis but it is an important component considering support for cross-slot scheduling or configuration of PDCCH monitoring periodicities larger than one slot). 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 can 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 a 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. 
Proposal 2: Determination of the semi-static HARQ-ACK codebook in slot n considers the PDCCH monitoring occasions in slot n - K0 - K1. 
2.2 Overlapping HARQ-ACK feedback in multiple HARQ-ACK codebooks   
When the UE is configured with semi-static HARQ-ACK codebook, if more than one HARQ-ACK timings are configured, the DL association set for PUCCHs in different UL slots/symbols may overlap. For example, assuming K1= {1, 2, 3, 4, 5, 6, 7, 8} then, for #9 UL slot the associated bundling window consists of DL slots #1~8, for #8 UL slot the associated bundling window consists of DL slots #0~7, and for #6 UL slot the associated bundling window consists of DL slots #0~6. Therefore, HARQ-ACK for DL slots #0~6 is contained in the HARQ-ACK codebook for UL slots #6, #8 and #9, respectively. 
There are two alternatives for the HARQ-ACK value determination for a DL slot from DL slots #0~6. One is to report  the valid HARQ-ACK only in the HARQ-ACK codebook for the UL slot that is determined by the indicated HARQ-ACK timing in DL assignment and report NACK in the HARQ-ACK codebook for the other UL slots. The other is to report the same valid HARQ-ACK in every HARQ-ACK codebook for the corresponding UL slot. The latter approach results in an unnecessary increase of the UL transmission power when the HARQ-ACK codebook size is less than 12 bits. Hence, reporting valid HARQ-ACK only for the PUCCH/PUSCH transmission corresponding to the indicated HARQ-ACK timing is preferred. 


[image: image5.emf]DL

#1 #2 #3 #4 #5

UL

#1 #2 #3 #4 #5

#6 #7

#6 #7 #8

Bundling window for UL slot #7

#9

Bundling window for UL slot #9

#8

Bundling window for UL slot #6


Figure 1

A proposed text for [1] is provided below.
	9.1.2.1
Type-1 HARQ-ACK codebook in physical uplink control channel

….

A UE shall determine 
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 HARQ-ACK information bits, for a total number of 
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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. In the following pseudo-code, if the UE transmits HARQ-ACK for a transport block or CBG reception in a different PUCCH or PUSCH based on a corresponding PDSCH-to-HARQ feedback timing value, the UE generates a NACK value for the transport block or the CBG in the HARQ-ACK codebook the UE transmits in the PUCCH. The cardinality of the set 
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 of occasions for PDSCH reception or SPS PDSCH release 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, then 
-
if the UE has not received any PDSCH or SPS PDSCH release that the UE transmits corresponding HARQ-ACK in the PUSCH, based on respective PDSCH-to-HARQ feedback timing values, in any of the 
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 occasions for PDSCH reception or SPS PDSCH release on any serving cell 
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, as described in Subclause 9.1.2.1, the UE does not multiplex HARQ-ACK in the PUSCH transmission;
-
else the UE generates the HARQ-ACK codebook as described in Subclause 9.1.2.1 except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.
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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 except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH. The UE does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when 
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Proposal 3: For the semi-static HARQ-ACK codebook, a UE transmits valid HARQ-ACK for a reception of a PDSCH or of a SPS PDSCH release in a DL slot that belongs to multiple DL association sets only in the semi-static HARQ-ACK codebook that the UE transmits in the PUCCH indicated by the HARQ-ACK timing in the corresponding DL assignment; the UE transmits NACK  in HARQ-ACK codebooks transmitted in other PUCCHs. 

2.3 HARQ-ACK codebook determination for multi-slot PDSCH

For the UE procedure for reporting HARQ-ACK, TS 38.213 (section 9.2.3) specifies  that “With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception or a DCI format 1_0 indicating a SPS PDSCH release over a number of symbols where the last symbol is within slot 
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, the UE shall provide corresponding HARQ-ACK information in a PUCCH transmission within slot 
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 is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format”. The HARQ-ACK reporting for multi-slot PDSCH transmission, i.e. when the UE is configured with aggregationFactorDL > 1, can be embodied by the definition of slot 
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 that is determined by the last symbol of PDSCH, that can be interpreted as the last symbol of last aggregated slot of  aggregationFactorDL slots. 
For the case of semi-static HARQ-ACK codebook, the current wording in section 9.1.2 does not consider the impact of aggregationFactorDL > 1. To minimize the additional specification effort, a modification to ensure the candidate PDSCH reception occasions that can be actually scheduled to be included in the HARQ-ACK codebook can be considered. In current specification text, for the determination of candidate PDSCH reception occasions determined by slot timing values
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 is checked. For a multi-slot PDSCH transmission, if a UE determines symbols of a slot allocated for PDSCH as uplink symbols, the transmission on that slot is dropped. Therefore, the existing criterion of row deletion of pdsch-symbolAllocation (R) should be modified to support that the row r is deleted from R only if, for each slot 
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- (aggregationFactorDL-1) to slot 
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, there is at least one OFDM symbol of the PDSCH time resource derived by row 
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 that is configured as UL. 
A proposed text for section 9.1.2.1 in [2] is provided below.
	…
while 
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if the UE is provided higher layer parameter tdd-UL-DL-ConfigurationCommon, or higher layer parameter tdd-UL-DL- ConfigurationCommon2, or higher layer parameter TDD-UL-DL-ConfigDedicated  and, for each slot 
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,  at least one OFDM symbol of the PDSCH time resource derived by row 
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is configured as UL where 
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 is the k-th slot timing value in set 
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In RAN1#92bis, it was suggested to reduce the HARQ-ACK codebook by considering the number of non-overlapped PDSCH repetitions and HARQ-ACK timing. Taking Figure 2 as an example, K1= {0,1,…7} and aggregationFactorDL = 4.  According to the steps in [3], the PDSCH occasion 1 with smallest K1=0 is recorded and the PDSCH occasions associated with K1=1,2,3 are removed. The next recorded PDSCH occasion is PDSCH occasion 4 and the PDSCH occasions associated with K1=5,6,7 are removed. Finally, the DL association set only includes candidate PDSCH occasion 1 and PDSCH occasion 5. The HARQ-ACK feedback on other PDSCH occasions can be placed as in one of these two PDSCH occasions, e.g., if the PDSCH occasion 4 is scheduled, then HARQ-ACK for PDSCH occasion 4 is placed as in the PDSCH occasion 1. This approach appears efficient in reducing the HARQ-ACK codebook size. However, a problem is that, when determining the valid candidate PDSCH occasions after K1 deletion, i.e. the row deletion procedure, the PDSCH occasion 1 or 5 may be removed if R = Ø, which then leads to the removal of the associated PDSCH occasions 2/3/4 or 6/7/8, even if 
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 for these PDSCH occasions. As shown in Figure 2, if there are no valid PDSCH resources in slot n-3 to slot n according to UL/DL configuration, then, PDSCH occasion 1 is removed, thus PDSCH occasion 2/3/4 are also removed. However, a gNB may still schedule the PDSCH occasion 4 and transmit PDSCH in slot n-6 ~ slot n-4 while skipping slot n-3 if there are available resources in slot n-6 ~ slot n-4. However, unavailability of PDSCH occasion 1 would result to removal of PDSCH occasion 4. In addition to such scheduling problems, a UE configured for multi-slot PDSCH transmissions is not expected to require large HARQ-ACK payloads, even for a semi-static HARQ-ACK codebook, and scheduling robustness rather than optimization of the HARQ-ACK codebook is important as well as avoiding an unnecessarily complex HARQ-ACK codebook determination.     
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Figure 2
Proposal 4: Update the semi-static HARQ-ACK codebook determination as in the text proposal in section 2.2 to capture multi-slot PDSCH transmissions. 
3 Conclusions

This contribution considered the remaining aspects for CA operation, and proposes the following. 
Proposal 1: The number of PDSCH reception occasions per slot is determined by pdsch-symbolAllocation table for DCIs in USS. The HARQ-ACK feedback for PDSCHs scheduled by DCIs in CSS is within these PDSCH occasions. 

Proposal 2: Determination of the semi-static HARQ-ACK codebook in slot n also considers the PDCCH monitoring occasions in slot n - K0 - K1.
Proposal 3: For semi-static HARQ-ACK codebook, the UE transmits the valid HARQ-ACK for the DL slot that belongs to multiple DL association sets in the HARQ-ACK codebook in the UL slot indicated by the HARQ-ACK timing in the DL assignment and the UE transmits NACK  in other HARQ-ACK codebooks. 

Proposal 4: Update the semi-static HARQ-ACK codebook determination as in the text proposal in section 2.2 to capture multi-slot PDSCH transmissions. 
Observation: Removing the PDSCH occasions from semi-static HARQ-ACK codebook according to PDSCH processing timing Tproc,1 may incur codebook size ambiguity.  
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