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1 Introduction
At the RAN1 AH 1801 meeting, the following agreements were reached on CA [1]:
	Agreements:

· Place HARQ-ACK bit(s) in response to SPS PDSCH after ones in response to dynamic PDSCH in the HARQ-ACK codebook

· For semi-static HARQ-ACK codebook, the UE provides CBG-based HARQ-ACK in response to detecting DCI format 1_0 for PDSCH reception on a cell with configuration for CBG-based HARQ-ACK

· No additional bundling for HARQ-ACK is supported when the actual coding rate for UCI on PUCCH exceeds the configured coding rate

· In this case, no dropping of HARQ-ACK

· If the actual coding rate on PUCCH carrying HARQ-ACK/SR only exceeds the configured coding rate, the UE is expected to proceed with the PUCCH transmission carrying the HARQ-ACK/SR

· DCI 0-0 doesn’t contain DAI

· DCI 1-0 contains a 2-bit counter DAI but doesn’t contain total DAI

· Regarding how to select PUSCH for piggybacking UCI 

· Follows the LTE-approach

· FFS whether or not there are any specific issues

Working assumption:

· In case a UE is configured for semi-static HARQ-ACK codebook determination, when the UE detects to receive only one PDSCH on the Pcell, the UE reports HARQ-ACK only for the one PDSCH

· FFS whether additional constraints are necessary for the above operation


In this contribution, we discuss several remaining issues on HARQ-ACK feedback for CA.
2 Discussion
Fallback PUCCH

As the semi-static HARQ-ACK codebook size grows with the set of possible PDSCH receptions corresponding to a given HARQ-ACK feedback occasion, a working assumption was agreed on a so-called fallback PUCCH resource. Specifically, if a UE configured for semi-static codebook determination, detects a single PDSCH on the PCell, the UE reports HARQ-ACK only for this PDSCH. This avoids possibly large UL control overhead depending on the number of candidate PDSCH reception occasions associated with a PUCCH. 
How to determine the PUCCH resource in case of a single detected PDSCH is still an open question considering the error cases of one or more missing PDCCHs. To see this, consider a simple case where the gNB configures two PUCCH resource sets for a UE, for up to and greater than 2 bits respectively. The set of PDSCH receptions for serving cell c with corresponding HARQ-ACK (K1) timings in the same PUCCH slot is denoted as Mc. If within Mc, the UE only detects a PDSCH (or PDCCH indicating SPS release) in the first candidate reception occasion, the ARI in the corresponding PDCCH indicates a PUCCH resource from the first PUCCH resource set. On the other hand if multiple PDSCHs (including a or PDCCH indicating SPS release) were scheduled by the gNB but the UE only detected one, there could be ambiguity about which PUCCH resource, and from which PUCCH resource set, is selected by the UE. 

The problem may be described by the following example of a set size Mc of 4 candidate receptions in different slots. The gNB schedules PDSCH in the second and third slots but the UE only detected the third slot (this can be generalized to mini-slots). The the gNB has to reserve resources in up to two PUCCH resource sets corresponding to the following three hypotheses of UE reception where the symbols {x,(} denote respectively DTX and PDSCH detection.

1. Case 1: [x, (, (, x]

2. Case 2: [x, x, (, x]

3. Case 1: [x, (, x, x]

Different resources corresponding to single PUCCH detection are reserved for Cases 2 and 3 to indicate to the gNB which PDCCH was detected, while only one PUCCH resource is needed if UE detects both PDSCHs (Case 1). This resource reservation increases with the size of Mc. Therefore, additional mechanisms are required in order to support the fallback PUCCH resource for semi-static codebook determination.

To solve the issue, either of the following options can be considered:
· Option 1: Given the set of candidate PDSCH receptions (HARQ timings) corresponding to an PUCCH slot, if the UE detects a single PDSCH (or PDCCH indicating DL SPS release) in the first candidate slot, the UE assumes the ARI indicates a resource in a PUCCH resource set supporting up to 2 bits. Otherwise if a UE detects a single PDCCH in any other slot in the set of candidate PDSCH receptions, the UE determines the HARQ-ACK codebook based on the size of the set, Mc. 
· Option 2: It was agreed that DCI format 1_0 contains a 2-bit counter DAI but doesn’t contain total DAI. For semi-static codebook this field can be reserved. However, if the UE misses the first PDCCH, a subsequent PDCCH could indicate to the UE that a previous PDCCH was missed if the DAI field is used. Then the procedure becomes straightforward and similar to LTE in that for the first scheduled PDCCH, ARI indicates a PUCCH resource for up to 2 bits and for subsequent transmitted PDCCHs the C-DAI indicates multiple PDCCHs need to be acknowledged and the ARI may indicate a PUCCH resource for more than 2 bits. But as either DCI formats 1_0 or 1_1 can be used to schedule PDSCH, and DCI format 1_1 does not contain DAI when semi-static codebook is configured, Option 1 is preferred.
Observation: a mechanism is required to correctly identify the PUCCH resource if a UE is configured to transmit a HARQ-ACK corresponding to only one detected PDCCH when the UE is configured for semi-static HARQ-ACK codebook determination. 
Proposal 1: to enable fallback PUCCH resource selection when a UE is configured for semi-static HARQ codebook determination, either consider restrictions to where the single PDSCH can be received or support use of DAI field.

Necessity of a default HARQ-ACK codebook
It was agreed that only PUCCH format 0 and 1 are supported for HARQ-ACK before RRC connection setup, so 1 or 2 HARQ-ACK bits can be transmitted. 
Firstly, we should consider whether to support HARQ-ACK multiplexing for two PDSCHs before the UE is configured with semi-static or dynamic HARQ-ACK codebook. Before RRC connection establishment, a UE needs to feedback HARQ-ACK for RA Msg.4 and for any other PDSCH used to transmit dedicated RRC configuration information. From a chronological perspective we assume that the gNB may receive HARQ-ACK corresponding to RA Msg4 before transmitting dedicated RRC configuration to the UE. In this case, it is straightforward by implementation that the HARQ-ACK corresponding to RA Msg4 and PDSCH carrying dedicated RRC configuration are not multiplexed on the same PUCCH. 
If prior to RRC configuration of the HARQ-ACK codebook, only one PDSCH can be acknowledged in a PUCCH slot, both semi-static and dynamic codebook procedures are equivalent. However, there is no need to mandate such a scheduling restriction at the gNB if it is not needed. PUCCH formats 0/1 support up to two bits. It should be clarified whether the 2 bits may correspond to different PDSCHs or whether the 2 bits can only come from a single PDSCH if two spatial codewords are configured. Our understanding is that both cases are possible in general although only the former is possible before the UE receives dedicated RRC configuration. Therefore, a single PUCCH Format 0/1 resource can be selected to transmit HARQ-ACK corresponding to up to two PDSCHs. Some reception scenarios need to be addressed:

1. Case 1: both PDSCHs are detected. The UE generates two HARQ-ACK bits for transmission on the PUCCH resource indicated by the ARI in the second PDCCH.

2. Case 2: first PDCCH missed, second one detected. Since there is a C-DAI field in DCI format 1_0 it can be used to indicate the missing PDCCH and a NACK is generated for the first PDSCH.

3. Case 3: first PDCCH detected, second one missed. This is the perennial problem of missing last PDCCH. One solution is that the ARI in each PDCCH points to a different PUCCH resource. The gNB can determine whether the UE missed the second PDCCH by performing DTX detection on up to two resources. 

The benefit of this approach is that it allows some scheduling flexibility since the gNB is not constrained to first wait for a HARQ-ACK feedback before it can schedule a second PDSCH to a UE. This flexible scheduling approach, if deemed beneficial, implies that the default codebook is dynamic since the DAI field is used.
Proposal 2: HARQ-ACK multiplexing of two PDSCHs may be supported before a UE is configured with the higher layer parameter HARQ-ACK-codebook by using the DAI field in DCI format 1_0 as counter DAI. 
Multiple PDCCHs in one PDCCH monitoring occasion 

For PDSCH scheduling in NR, four scheduling timing values can be indicated by the PDCCH including same-slot and cross-slot scheduling. There were no agreements whether a gNB can transmit more than one PDCCH scheduling PDSCH in different slots in one PDCCH monitoring occasion. One possible use case is for UE energy saving as the number of PDCCH blind detections may be reduced when the UE is not configured to monitor the PDCCH in every DL slot. Another possible use case is that when two serving cells are configured with different UL-DL configurations and cross-carrier scheduling is used, more DL slots can be scheduled if gNB could transmit more than one PDCCH scheduling PDSCH in different slots. Hence, we consider that it is a possible scenario that may be supported.

The issue is how we determine the HARQ-ACK codebook in case of multiple PDCCHs in one PDCCH monitoring occasion which schedule different PDSCHs. As shown in figure 1, there is one PDCCH monitoring occasion in every two slots, the two PDCCHs in slot k schedule PDSCH in slot k+2 and slot k+3 respectively. 


[image: image1.emf]slot

n n+1 n+2 n+3 n+4 n+5 n+6

DL transmission in a same 

feedback window

HARQ-ACK feedback

Feedback window

n+7 n+8 n+9 n+10 n+11 n+12 n+13

PDCCH-PDSCH 

scheduling timing

PDSCH-HARQ-ACK 

feedback timing

PDCCH monitoring 

occasion


Figure 1 Multiple PDCCHs in one PDCCH monitoring occasion
Per TS 38.213 if Type1 (semi-static) HARQ-ACK codebook is configured, the UE determines the HARQ-ACK codebook size based on 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. Given the preceding discussion, the maximum number of PDCCHs scheduling PDSCH that can be transmitted in one PDCCH monitoring occasion should also be taken into account when computing the codebook size. As a possible option, the maximum number of PDCCHs scheduling PDSCH that can be transmitted in one PDCCH monitoring occasion can be determined by the number of search spaces used for transmitting PDCCH scrambled by C-RNTI or SPS C-RNTI, and at most one PDCCH can be transmitted in one search space.
If dynamic codebook is used, the definition of C-DAI and T-DAI (if present) should also consider the number of PDCCHs transmitted in one carrier and one PDCCH monitoring occasion. For example, C-DAI and T-DAI can be indexed based on the search space index in one PDCCH monitoring occasion.
Proposal 3: If multiple PDSCHs in different slots can be scheduled by PDCCHs transmitted in the same PDCCH monitoring occasion, the number of PDCCHs can be transmitted in one PDCCH monitoring occasion should be determined by the number of search spaces used for transmitting PDCCH scrambled by C-RNTI or SPS C-RNTI, and at most one PDCCH can be transmitted in one search space.
Dynamic HARQ-ACK codebook
For dynamic codebook in CA case if CBG based HARQ-ACK and TB based HARQ-ACK are configured for different carriers, it was agreed that 2 HARQ-ACK sub-codebooks (sub-CBs) are supported, where the first sub-CB is for transmissions with TB-based HARQ-ACK, the second sub-CB is for transmissions with CBG-based HARQ-ACK, and the sub-CBs are combined into a single HARQ-ACK codebook. However, there are no agreements on how to define the C-DAI and T-DAI. For example, three carriers are configured for a UE, where CC1 is configured with CBG based HARQ-ACK and the CBG size equals to 2, CC2 is configured with TB based HARQ-ACK and CC3 is configured with CBG based HARQ-ACK and the CBG size equals to 4, in slot n+2 of CC3, a PDSCH is scheduled by fallback DCI. As shown in figure 2, different colors are used for DL transmission with TB-based or CBG based HARQ-ACK. C-DAI and T-DAI are numbered based on the number of scheduled PDSCHs with CBG based HARQ-ACK or based on the number of scheduled PDSCHs with CBG based HARQ-ACK.
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Figure 2 C-DAI and T-DAI determination with two sub-codebooks
Proposal 4: For dynamic codebook if CBG based HARQ-ACK is configured for at least one carrier, 

· For a PDCCH monitoring occasion with TB based PDSCH transmission, 
· C-DAI is the accumulative number of TB based PDSCHs up to the present serving cell and current PDCCH monitoring occasion, first in increasing order of serving cell index and then in increasing order of  current PDCCH monitoring occasion index
· T-DAI is the total number of TB based PDSCHs up to the current PDCCH monitoring occasion and shall be updated from PDCCH monitoring occasion to PDCCH monitoring occasion.

· For a PDCCH monitoring occasion with CBG based PDSCH transmission, 
· C-DAI is the accumulative number of CBG based PDSCHs up to the present serving cell and current PDCCH monitoring occasion, first in increasing order of serving cell index and then in increasing order of  current PDCCH monitoring occasion index
· T-DAI is the total number of CBG based PDSCHs up to the current PDCCH monitoring occasion and shall be updated from PDCCH monitoring occasion to PDCCH monitoring occasion.
The proposal for dynamic codebook is reflected in a text proposal to 38.213 V15.0.0 as below:
----------------------------------- Start of Text proposal to 38.213 ------------------------------------------------------------

9.1.3.1
Type-2 HARQ-ACK codebook in physical uplink control channel
Based on maximum and minimum PDSCH-to-HARQ_feedback timing values provided to a UE by higher layer parameter DL-data-DL-acknowledgement, the UE determines monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or DL SPS release on a serving cell 
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 and for which the UE transmits HARQ-ACK in a same PUCCH based on respective PDSCH-to-HARQ_feedback timing values. The PDCCH monitoring occasions for PDSCH scheduling on serving cell 
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 are determined based on the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the 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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. The set of PDCCH monitoring occasions is defined as the union of PDCCH monitoring occasions across configured cells, ordered in ascending order of start time of the search space associated with a PDCCH monitoring occasion. The cardinality of the set of PDCCH monitoring occasions defines a total number 
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 of PDCCH monitoring occasions.

For a PDCCH monitoring occasion with TB based PDSCH transmission, 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 TB based 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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For a PDCCH monitoring occasion with TB based PDSCH transmission, the value of the total DAI, when present [5, TS 38.212], in DCI format 1_1 denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which TB based 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. 
For a PDCCH monitoring occasion with CBG based PDSCH transmission, a value of the counter downlink assignment indicator (DAI) field in DCI format 1_1 denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which CBG based PDSCH reception(s) associated with DCI format 1_1 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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For a PDCCH monitoring occasion with CBG based PDSCH transmission, the value of the total DAI, when present [5, TS 38.212], in DCI format 1_1 denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which CBG based PDSCH reception(s) associated with DCI format 1_1 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. 
----------------------------------- End of Text proposal to 38.213 ------------------------------------------------------------
3 Conclusions
Based on the above discussion, we have the following observation and proposals:
Observation: a mechanism is required to correctly identify the PUCCH resource if a UE is configured to transmit a HARQ-ACK corresponding to only one detected PDCCH when the UE is configured for semi-static HARQ-ACK codebook determination. 
Proposal 1: to enable fallback PUCCH resource selection when a UE is configured for semi-static HARQ codebook determination, either consider restrictions to where the single PDSCH can be received or support use of DAI field.

Proposal 2: HARQ-ACK multiplexing for two PDSCHs should not be supported in NR. But if it is supported, then C-DAI in fallback DCI can be used and different PUCCH resources should be indicated.

Proposal 3: If multiple PDSCHs in different slots can be scheduled by PDCCHs transmitted in the same PDCCH monitoring occasion, the number of PDCCHs can be transmitted in one PDCCH monitoring occasion should be determined by the number of search spaces used for transmitting PDCCH scrambled by C-RNTI or SPS C-RNTI, and at most one PDCCH can be transmitted in one search space.
Proposal 4: For dynamic codebook if CBG based HARQ-ACK is configured for at least one carrier, 

· For a PDCCH monitoring occasion with TB based PDSCH transmission, 
· C-DAI is the accumulative number of TB based PDSCHs up to the present serving cell and current PDCCH monitoring occasion, first in increasing order of serving cell index and then in increasing order of  current PDCCH monitoring occasion index
· T-DAI is the total number of TB based PDSCHs up to the current PDCCH monitoring occasion and shall be updated from PDCCH monitoring occasion to PDCCH monitoring occasion.

· For a PDCCH monitoring occasion with CBG based PDSCH transmission, 
· C-DAI is the accumulative number of CBG based PDSCHs up to the present serving cell and current PDCCH monitoring occasion, first in increasing order of serving cell index and then in increasing order of  current PDCCH monitoring occasion index
· T-DAI is the total number of CBG based PDSCHs up to the current PDCCH monitoring occasion and shall be updated from PDCCH monitoring occasion to PDCCH monitoring occasion.
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