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Introduction
In RAN1#95, it was agreed to allow for reporting eURLLC HARQ-ACK in multiple occasions per slot:
Agreements:
· Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.

Further, based on the following conclusion, the companies are encouraged to report the following details for the proposed solutions: 
Conclusion:
· For supporting multiple PUCCHs for HARQ-ACK within a slot, companies are encouraged to provide following details when proposing a solution:
1. How to separate HARQ-ACK multiplexing windows for different PUCCHs?
2. How to indicate the starting symbol of different PUCCHs?
3. How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?
4. How to determine dynamic HARQ codebook?
5. How to determine semi-static HARQ-ACK codebook?
6. How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?
7. How to determine PUCCH resource for each PUCCH?
8. How to do PUCCH resource overriding for HARQ-ACK multiplexing?
9. Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot?

In the next section of this paper, we provide detailed responses to the abovementioned questions.
Solution for Enabling Multiple eURLLC HARQ-ACK Reporting per Slot
Description of the Proposed Solution:
Consider the UE that is configured to support X number of PUCCH transmissions carrying HARQ-ACK per slot for eURLLC. For this UE, the gNB, semi-statically, splits each slot into X “virtual” sub-slot (Note that these sub-slots are “virtual”, put no limitation on scheduling, and should not be confused with the sub-slot definition introduced for LTE-sTTI.) In particular, in terms of PDSCH allocation, there is no limitation as compared to the Rel. 15 approach, i.e., a given PDSCH can start at any symbol and with any length allowed by the mapping type. In terms of PUCCH resource configuration, the gNB needs to guarantee that there is at least one PUCCH resource of a proper format starting within each subslot (This is also the same as the NR Rel. 15, where each slot needs to have a proper PUCCH resources.)
Further, it should be noted that the length of different sub-slots need not be the same; in terms of configuration, the gNB has all the needed flexibility. In addition, in case of TDD cell and in flexible slots, the division accounts for all symbols, but the actual PUCCH transmission can take place only over the uplink portion of the slot.

For codebook size determination, each sub-slot plays the exact role played by slot in Rel. 15 for HARQ-ACK codebook determination. Hence, as needed in Rel. 15 NR to determine which PDSCH is in which slot or which PUCCH resource is available in which slot, for the proposed solution, the PDSCH-to-subslot and PUCCH-to-subslot association should be determined. The association can be performed as follows: 

Since N1 is defined as the gap between the end of the PDSCH to the starting symbol of PDCCH, we define the associations as follows:
· PDSCH j is in sub-slot k if its last symbol is in sub-slot k
· PUCCH j is in sub-slot k if its starting symbol is in sub-slot k
· Note: X number of sub-slot are configured per slot of the UL Pcell. The configuration also includes the boundaries of the sub-slot in terms of the SCS of the UL BWP where HARQ-ACK is sent. Then, for all DL CCs, regardless of their SCS, the PDSCH to sub-slot association is performed by considering the UL sub-slot configuration. An example is illustrated in Figure 1.


Figure 1: PDSCH-to-subslot and PUCCH-to-subslot association under the proposed solution.

Proposal 1: For Rel. 16 eURLLC HARQ-ACK reporting with X PUCCHs per slot, semi-statically, split each slot into X “virtual” sub-slots. 
Proposal 2: When the subslots are configured, the UE assumes:
· PDSCH j is in sub-slot k if its last symbol is in sub-slot k
· PUCCH j is in sub-slot k if its starting symbol is in sub-slot k
The last parameter to set before explaining the details of type-1 and type-2 codebook size determination schemes is K1. As mentioned earlier, each virtual subslot plays the exact role of slot in Rel. 15 NR for codebook size determination. Now, in Rel. 15, the granularity of K1 is at slot level. Thus, for the proposed solution, the granularity of K1 for eURLLC codebook size determination is at subslot level.

Proposal 3: K1 for eURLLC HARQ-ACK reporting is indicated in the unit of sub-slot.
  
One final note is that here, for codebook size determination, we assume that eURLLC PDSCH can be differentiated from the eMBB PDSCH at the PHY layer. Similarly, we assume that eURLLC has a separate set of PUCCH resource sets and PUCCH resources configured for it.
Proposal 4: Support PHY-layer differentiation between PDSCH and PUCCH associated with different traffic types. 
In the remainder of this section, we present how the proposed solution can be applied to type-1 and type-2 codebook size determination. As it will become evident, after the virtual subslots are defined, the procedures are exactly the same as those of the Rel. 15 NR. 
Proposed Solution for Type-1 Codebook Size Determination:
Similar to NR Rel. 15, the type-1 codebook size determination is based on the “PDSCH occasions”. The size can be determined by following the steps below:
· For determining the codebook size for the PUCCH to be sent in sub-slot n, the UE considers the set of K1 values configured for the UL BWP (in units of sub-slots.)
· For a given K1 value, the UE considers all the PDSCH occasions associated with sub-slot n-K1 using a TDRA table configured for eURLLC.
· Within the set of occasions, the UE removes the occasions that conflicts with the DL/UL configuration.
· Then, the UE partitions the remaining occasions into subgroups as follows:
· Set m to be smallest last OFDM symbol index for all TDRA candidates
· Loop over all TDRA candidates  
· If candidate starts no later than OFDM symbol m
· Put the TDRA candidate into group  
· Remove TDRA candidate  
· Consider one HARQ-ACK bit for the formed group.
· Continue the above steps until all the occasions associated with sub-slot n-K1 are consumed. 
Proposal 5: For the type-1 codebook size determination, follow the NR Rel. 15 approach for PUCCH transmission carrying HARQ-ACK in a given subslot.

Proposed Solution for Type-2 Codebook Size Determination:
Similar to NR Rel. 15 procedure, the type-2 codebook size determination is based on the PDCCH monitoring occasions and DAI received in the DCI. The size can be determined by following the steps below:
· For determining the codebook size for the PUCCH to be sent in sub-slot n, the UE considers the max. K1 value configured for the UL BWP (in units of sub-slots.)
· Then, the UE runs through the sub-slots [n-K1,max,…, n], and determines the codebook size by relying on the counter DAI and total DAI received for eURLLC operation. 
Proposal 6: For type-2 codebook size determination, follow the NR Rel. 15 approach for PUCCH transmission carrying HARQ-ACK in a given subslot.

Responses to the Questions 
In this section, we respond to the remaining questions from the RAN1 #95 conclusion:
Responses:
1. How to separate HARQ-ACK multiplexing windows for different PUCCHs?
· Explained in the preceding section.
2. How to indicate the starting symbol of different PUCCHs?
· For eURLLC, it is more efficient to configure a separate pool of resources (resource sets and resources per set). Similar to the NR Rel. 15, the starting symbol of each PUCCH resource is configured by RRC.
3. How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?
· In units of sub-slots. The number of sub-slots per slot is dependent on the number of HARQ-ACK reports per slot for eURLLC.
4. How to determine dynamic HARQ codebook?
· Explained in the preceding section.
5. How to determine semi-static HARQ-ACK codebook?
· Explained in the preceding section.
6. How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?
· Separate PUCCH resource and PUCCH resource sets may be configured for eURLLC. The same PUCCH resource set configuration procedure as that of NR Rel. 15 can be used. In particular, the maximum of four resource sets with a number of resources per set can be configured for eURLLC. 
7. How to determine PUCCH resource for each PUCCH?
· The resource set is determined based on the payload size. The PRI in the last DL DCI is used to select one PUCCH resource in a given set if the number of resources is no more than 8. Otherwise, besides PRI, the number of CCEs forming the CORESET where the DCI is detected and the index of the first CCE are also used for resource selection within the determined set. 
8. How to do PUCCH resource overriding for HARQ-ACK multiplexing?
· As explained in response to Question 7, the last DCI whose HARQ-ACK is mapped to PUCCH in subslot k of slot n determines the PRI.
9. Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot?
· Since PDSCH type B is more suitable for eURLLC, the number of PUCCHs for eURLLC HARQ-ACK reporting could be selected from {2,4,7}. 
Conclusion
Proposal 1: For Rel. 16 eURLLC HARQ-ACK reporting with X PUCCHs per slot, semi-statically, split each slot into X “virtual” sub-slots. 
Proposal 2: When the subslots are configured, the UE assumes:
· PDSCH j is in sub-slot k if its last symbol is in sub-slot k
· PUCCH j is in sub-slot k if its starting symbol is in sub-slot k
Proposal 3: K1 for eURLLC HARQ-ACK reporting is indicated in the unit of mini-slot.
Proposal 4: Support PHY-layer differentiation between PDSCH and PUCCH associated with different traffic types. 
Proposal 5: For the type-1 codebook size determination, follow the NR Rel. 15 approach for PUCCH transmission carrying HARQ-ACK in a given subslot.

Proposal 6: For type-2 codebook size determination, follow the NR Rel. 15 approach for PUCCH transmission carrying HARQ-ACK in a given subslot.
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