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1. Introduction
In the RAN1 #95 meeting, following agreements and conclusions related to UCI enhancements for the URLLC were achieved [1]:

	Agreements: 
· Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.
Conclusion:
For supporting multiple PUCCHs for HARQ-ACK within a slot, companies are encouraged to provide following details when proposing a solution:
· How to separate HARQ-ACK multiplexing windows for different PUCCHs?
· How to indicate the starting symbol of different PUCCHs?
· How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?
· How to determine dynamic HARQ codebook?
· How to determine semi-static HARQ-ACK codebook?
· How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?
· How to determine PUCCH resource for each PUCCH?
· How to do PUCCH resource overriding for HARQ-ACK multiplexing?
· Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot?



In this contribution,we discuss both semi-static and dynamic HARQ-ACK codebook determination together with supporting more than one PUCCH for HARQ-ACK within a slot.
2. Discussions
In Rel.15, the HARQ-ACKs transmitted in one slot are multiplexed into one HARQ-ACK codebook and the HARQ-ACK codebook is transmitted using the PUCCH resource indicated by a PUCCH resource indicator field in the last DL DCI among the DL DCIs that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, as shown in Fig.1. 
[image: ]
Fig.1	HARQ-ACK feedback in Rel.15
In the RAN1#95 meeting, it was agreed that multiple PUCCHs for HARQ-ACK within a slot should be supported in R16. Therefore, multiple HARQ-ACK codebook within one slot should be supported. UE procedure for reporting HARQ-ACK for URLLC with/without eMBB needs to be enhanced. In the following, HARQ-ACK codebook determination is discussed.
2.1. Semi-static HARQ-ACK codebook determination
In Rel.15, the semi-static HARQ-ACK codebook is determined based on the following factors:
· PDSCH-to-HARQ_feedback timing values K1
· PDSCH time domain resource allocation (TDRA) table
· The ratio  between the downlink SCS configuration  and the uplink SCS configuration  if different numerology between DL and UL is configured
· TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated as described in Subclause 11.1 of TS38.213 [2].
Combining K1 timing which is defined in a unit of slot and PDSCH time domain resource allocation table, the HARQ-ACK bit for each candidate PDSCH reception (except those overlapped with UL symbols) which can be multiplexed into one PUCCH resource in a UL slot is determined. For example, assuming RRC configured K1 values are {5,6,7} and the PDSCH TDRA table is configured as shown in Fig.1. Then based on Rel.15 HARQ-ACK codebook determination, the HARQ-ACK codebook is determined as follows:
[image: ]
Fig.1 Example of PDSCH TDRA table. 

· Step1: Determine the HARQ-ACK window size based on the HARQ-ACK timing values K1 as shown in Fig.2:
[image: ]
Fig.2 Example of HARQ-ACK feedback window size based on K1 granularity of slot

· Step2: For each K1, determine the candidate PDSCH reception occasions in each slot:
· [bookmark: _Hlk534901170]Step 2-1: Candidate PDSCH reception occasions in the time domain RA table overlapped with UL configured by TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated are excluded 
· [bookmark: _Hlk534901218]Step 2-2: For overlapped candidate PDSCH reception occasions, only one HARQ-ACK bit is generated based on a particular rule.
· For K1=7, no candidate PDSCH reception occasions are excluded from the set of HARQ-ACK bits generation since no candidate PDSCH reception occasions are overlapped with UL
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Fig.3 Procedure on Step 2-1 and 2-2 for K1=7.

· For K1=6, candidate PDSCH reception occasions corresponding to row index 2,3,8 are excluded from the set of HARQ-ACK bits generation since these candidate PDSCH reception occasions are overlapped with UL.
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Fig.4 Procedure on Step 2-1 and 2-2 for K1=6.

· For K1=5, all candidate PDSCH reception occasions are excluded from the set of HARQ-ACK bits generation since the candidate PDSCH reception occasions are overlapped with UL.
We can see that based on Rel.15 HARQ-ACK codebook determination, only one HARQ-ACK CB will be generated in a slot. To enable multiple HARQ-ACK codebook in a slot, following enhancement can be considered:
· [bookmark: _Hlk534901730]Support finer K1 granularity
· Divide UL slot into multiple sub-slot based on the finer K1 granularity and each HARQ-ACK codebook is constructed in one sub-slot;
· Divide the PDSCH time domain resource allocation table into multiple sub tables based on K1 granularity and for each sub-slot, there is a corresponding sub table that can be used to determine the candidate PDSCH reception occasions within the sub-slot;
For example, K1 granularity can be defined as half-slot. RRC configures K1 values as {1,2,3} and the time domain resource allocation table is configured same as in Fig.1. Then the semi-static HARQ-ACK codebook for Rel.16 URLLC can be determined as follows:
· Step1’: determine the HARQ-ACK window size based on the HARQ-ACK timing values K1 as shown in Fig. 5, where K1 is defined based on finer granularity, e.g., half-slot
[image: ]
Fig.5 Example on HARQ-ACK feedback window size based on K1 granularity of half-slot

· Step2’: time domain RA (TDRA) table is divided into multiple sub tables based on K1 granularity, the no. of sub tables = floor/ceil {(slot duration) / (duration of K1 granularity)}. 
· which sub table the candidate PDSCH reception occasions in time domain RA belong to can be determined based on the ending position of candidate PDSCH reception occasions. 
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Fig.6 Procedure on Step 2’ that generates sub tables.

· Step3’: For each K1, determine the candidate PDSCH reception occasions in each sub slot:
· Step 3’-1: Candidate PDSCH reception occasions in the time domain RA table corresponding to the sub-slot overlapped with UL configured by TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated are excluded;
· Step 3’-2: For overlapped candidate PDSCH reception occasions, only one HARQ-ACK bit is generated based on a particular rule;
· For K1=3, no candidate PDSCH reception occasions in sub-table 1 are excluded from the set of HARQ-ACK bits generation since no candidate PDSCH reception occasions are overlapped with UL;
[image: ]
Fig.7 Procedure on Step 3’ for HARQ-ACK CB generation for K1=3.

· For K1=2, some candidate PDSCH reception occasions as indicated by Row Index (RI), RI1, RI2, RI6 in sub-table 2 are excluded from the set of HARQ-ACK bits generation since these candidate PDSCH reception occasions are overlapped with UL;
[image: ]
Fig.8 Procedure on Step 3’ for HARQ-ACK CB generation for K1=2.

· For K1=1, all candidate PDSCH reception occasions in sub-table 1 are excluded from the set of HARQ-ACK bits generation since all candidate PDSCH reception occasions are overlapped with UL.
Using the proposed method, multiple semi-static HARQ-ACK codebooks can be generated in a slot and in each sub-slot, one semi-static HARQ-ACK codebook will be generated. Therefore, we have the following proposal:
Proposal 1: 
· Support finer K1 granularity for Rel.16 URLLC to enable more than one PUCCH within HARQ-ACK in a slot.
· Support semi-static HARQ-ACK codebook determination as following:
· UL slot is divided in multiple sub-slots based on the K1 granularity and each HARQ-ACK codebook is constructed in one sub-slot;
· The PDSCH time domain resource allocation table is divided into multiple sub tables based on K1 granularity and for each sub-slot, the corresponding sub table is used to determine the candidate PDSCH reception occasions within the sub-slot.
2.2. Dynamic HARQ-ACK codebook determination 
In Rel.15, the dynamic HARQ-ACK codebook is determined based on counter DAI and total DAI in scheduling DCI, where the HARQ-ACKs for PDSCHs scheduled by DCI pointing to the same slot for PUCCH transmission are mapped into the same HARQ-ACK codebook and the HARQ-ACK codebook is transmitted in the PUCCH resource indicated by a PUCCH resource indicator field in the last DL DCI among the DL DCIs that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, as shown in Fig.9. 
[image: ]
Fig.9	Dynamic HARQ-ACK codebook in Rel.15
As such, only one HARQ-ACK codebook is allowed with Rel.15 dynamic codebook determination. For Rel.16, as agreed in RAN1#95 meeting, multiple HARQ-ACK codebook in a slot should be supported. In this case, enhancement for dynamic HARQ-ACK codebook determination are needed. Generally, the following options can be considered:
· Option 1: HARQ-ACK codebook is per PUCCH resource. HARQ-ACKs for PDSCHs scheduled by DCI pointing to the same slot and same PUCCH resource in the slot are mapped into the same HARQ-ACK codebook.
[image: ]
Fig.10 HARQ-ACK feedback codebook is per PUCCH resource.
· Option 2: HARQ-ACK codebook is per sub-slot. HARQ-ACKs for PDSCHs scheduled by DCI pointing to the same sub-slot (e.g., half-slot) for PUCCH transmission are mapped into the same HARQ-ACK codebook.
[image: ]
Fig.11 HARQ-ACK codebook is per sub-slot.
· Option 3: HARQ-ACK codebook is per PUCCH resource per sub-slot. HARQ-ACKs for PDSCHs scheduled by DCI pointing to the same unit and same PUCCH resource in the sub-slot (e.g., half slot) are mapped into the same HARQ-ACK codebook.
[image: ]
Fig.12 HARQ-ACK codebook is per PUCCH resource per sub-slot.
Option 1 doesn’t require finer granularity while option 2 and option 3 requires finer K1 granularity. As discussed in section 2.1, finer K1 granularity is necessary for semi-static HARQ-ACK codebook to enable multiple PUCCHs with HARQ-ACKs in a slot, therefore, to keep the commonality, option 2 or option 3 is preferred. The difference between option 2 and option 3 is the no. of PUCCHs with HARQ-ACK in a slot. For option 2, the no. of PUCCHs with HARQ-ACK in a slot is the same as the no. of sub-slots within a slot. For semi-static HARQ-ACK codebook, as discussed in section 2.1, the no. of PUCCHs with HARQ-ACK in a slot is also the same as the no. of sub-slots within a slot. Therefore, option 2 can be a unified solution for semi-static and dynamic HARQ-ACK codebook determination. Therefore, we have the following proposal:

Proposal 2:
· Support dynamic HARQ-ACK codebook determination as following:
· HARQ-ACK codebook is per sub-slot. HARQ-ACKs for PDSCHs scheduled by DCI pointing to the same sub-slot (e.g., half-slot) for PUCCH transmission are mapped into the same HARQ-ACK codebook.
2.3. HARQ-ACK codebook for eMBB and URLLC multiplexing
Section 2.1 and 2.2 discussed the HARQ-ACK codebook determination for URLLC-only UEs, while for Rel.16 URLLC, in some scenarios, a UE will support both eMBB and URLLC services. For example, a UE may receive PDSCH with the target BLER = 10% with the target performance of HARQ-ACK feedback for the PDSCH of (A-to-N, N-to-A, D-to-A) = (1%, 0.1%, 1%), while the UE may also receive PDSCH with the target BLER such as 0.0001%. Besides, following should be realized:
Case A: PDSCH for eMBB and PDSCH for URLLC are received in the same carrier
Case B: PDSCH for eMBB and PDSCH for URLLC are received in different carriers in the same cell-group/PUCCH-group
Case C: PDSCH for eMBB and PDSCH for URLLC are received in different carriers in different cell-groups/PUCCH-groups
In Case A and Case B, how a UE should determine the HARQ-ACK codebook for eMBB and URLLC needs to be discussed. In general, there are following alternatives:
· Alternative 1: separate HARQ-ACK codebook for eMBB and URLLC
· Alternative 2: unified HARQ-ACK codebook for eMBB and URLLC
· Alternative 3: drop HARQ-ACK for eMBB and send only HARQ-ACK for URLLC for collision case
For Alternative 1 and alternative 3, different PUCCH formats/length/frequency domain resource, code rate, power control, etc. can be configured for eMBB and URLLC services so that different performance requirements of HARQ-ACK feedback can be achieved with proper parameter settings. On the other hand, having separate HARQ-ACK codebooks may require additional condition; PDSCH for eMBB and PDSCH for URLLC need to be differentiated by the UE. The differentiation method may need to take into account potential support of more than 2 services (e.g., eMBB + Rel.15 enabled AR/VR + factory motion control).
For Alternative 2, HARQ-ACKs for eMBB and URLLC will be generated into one HARQ-ACK codebook. In this case, the PUCCH formats/length/frequency domain resource, code rate, power control, etc. needs to be configured based on URLLC requirement whenever necessary. It is not clear yet what should be the target performance of URLLC HARQ-ACK; in some URLLC scenarios (e.g., factory automation at TDD carrier), it may not be possible to rely on HARQ re-transmission [3], while in some scenarios where HARQ re-transmission can be used to achieve reliability requirement within latency bound, the HARQ-ACK requirements for URLLC can be relaxed. 
Proposal 3:
· Following alternatives can be considered for HARQ-ACK codebook determination for eMBB and URLLC:
· Alt.1: Separate HARQ-ACK codebook for eMBB and URLLC
· Alt.2: Unified HARQ-ACK codebook for eMBB and URLLC
· Alt.3: drop HARQ-ACK for eMBB and send only HARQ-ACK for URLLC for collision case
· [bookmark: _GoBack]For HARQ-ACK codebook determination for eMBB and URLLC, following cases should be considered
· Case A: PDSCH for eMBB and PDSCH for URLLC are received in the same carrier
· Case B: PDSCH for eMBB and PDSCH for URLLC are received in different carriers in the same cell-group/PUCCH-group
· Case C: PDSCH for eMBB and PDSCH for URLLC are received in different carriers in different cell-groups/PUCCH-groups
 
3. Conclusion
In this contribution, we discussed the HARQ-ACK codebook determination to support more than one PUCCH for HARQ-ACKs within a slot. Proposals are summarized as following: 
Proposal 1: 
· Support finer K1 granularity for Rel.16 URLLC to enable more than one PUCCH within HARQ-ACK in a slot.
· Support semi-static HARQ-ACK codebook determination as following:
· UL slot is divided in multiple sub-slots based on the K1 granularity and each HARQ-ACK codebook is constructed in one sub-slot;
· The PDSCH time domain resource allocation table is divided into multiple sub tables based on K1 granularity and for each sub-slot, the corresponding sub table is used to determine the candidate PDSCH reception occasions within the sub-slot.
Proposal 2:
· Support dynamic HARQ-ACK codebook determination as following:
· HARQ-ACK codebook is per sub-slot. HARQ-ACKs for PDSCHs scheduled by DCI pointing to the same sub-slot (e.g., half-slot) for PUCCH transmission are mapped into the same HARQ-ACK codebook.
Proposal 3:
· Following alternatives can be considered for HARQ-ACK codebook determination for eMBB and URLLC:
· Alt.1: Separate HARQ-ACK codebook for eMBB and URLLC
· Alt.2: Unified HARQ-ACK codebook for eMBB and URLLC
· Alt.3: drop HARQ-ACK for eMBB and send only HARQ-ACK for URLLC for collision case
· For HARQ-ACK codebook determination for eMBB and URLLC, following cases should be considered
· Case A: PDSCH for eMBB and PDSCH for URLLC are received in the same carrier
· Case B: PDSCH for eMBB and PDSCH for URLLC are received in different carriers in the same cell-group/PUCCH-group
· Case C: PDSCH for eMBB and PDSCH for URLLC are received in different carriers in different cell-groups/PUCCH-groups
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