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Introduction
In RAN1 NR #96bis meeting [1], the following agreements and conclusions were reached for UCI enhancements.
Agreements:
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure.
· A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
· PDSCH transmission is not subject to sub-slot restrictions (if any)
· FFS: PDSCH-to-sub-slot association. 
· FFS: Allowing PUCCH across sub-slot boundary or not.
· R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type II HARQ-ACK codebook. 
· FFS for Type I HARQ-ACK codebook.
· R15 PUCCH resource overriding procedures is applied in unit of sub-slot.
· Number or length of UL sub-slots in a slot is UE-specifically semi-statically configured.
· FFS: Limit of number of PUCCH transmissions carrying HARQ-ACKs in a slot.
· FFS: K1 definition.
· FFS: Details of PUCCH resource configuration and determination.
FFS: Use “Codebook-less HARQ” as a complementary or not.
FFS: If HARQ-ACK can be omitted in case latency requirement cannot be met. 
FFS: PDSCH groupings and PHY identification for separate HARQ-ACK constructions for different service types.

In R1-1901768, discussions and proposals of the unit of K1 and semi-static HARQ-ACK codebook design are as follows.
Keeping the unit of k1 as one slot has better compatibility. PRI field in DCI can be used to select a PUCCH resource with a proper time location within the indicated slot. Essentially, NR Rel-15 scheme can be reused in NR Rel-16. The PUCCH resource indication can allow supporting more than one PUCCH in a slot. This can achieve multiple PUCCH feedbacks in one slot and avoid multiplexing problem for different schemes. In this sense, schemes keeping Rel-15 k1 definition as one slot for more than one PUCCH for HARQ-ACK transmission in a slot should be prioritized.
Proposal 2: The unit of k1 should be kept as one slot. In supporting more than one PUCCH for HARQ-ACK transmission in one slot, schemes based on one-slot k1 unit assumption should be prioritized.
Proposal 5: Overhead of semi-static HARQ-ACK codebook should be reduced and feedback window splitting method can be considered.
In this contribution, we mainly discuss the impact of the unit of K1 on the design of sub-slot-based semi-static HARQ-ACK and semi-static HARQ-ACK codebook design for slot-based K1 indication. 
Comparison of different units of K1
2.1 Subslot-based K1 indication

In Rel-15, the size of the HARQ-ACK codebook depends on the set of K1 values and the PDSCH opportunities within the time window defined by these K1 values. For Type 1 HARQ-ACK codebook, i.e. semi-static codebook, the size of the codebook would enable all PDSCH opportunities that fall within the time window to be acknowledged, where a NACK is indicated for unscheduled PDSCH opportunities, i.e. As shown in Figure 3, each slot contains two subslots and K1={3,4,5} is configured. In this simplified example there is 1 PDSCH opportunity in each subslot thereby giving a codebook size of 3 bits for each semi-static HARQ-ACK codebook (HARQ1, HARQ2). In this example, the whole codebook size of semi-static codebooks in slot 3 is 6 bits.
[bookmark: _Ref536807772]Figure 1: Time window of HARQ-ACK codebook for subslot-based K1 indication
2.2 Slot-based K1 indication
Keeping k1 unit as one slot, the R15 semi-static HARQ-ACK codebook scheme is still workable when there are multiple HARQ-ACK opportunities in one slot. As shown in Figure 2, In order to be consistent with the HARQ feedback of Figure 1, the feedback window for each HARQ-ACK opportunity is configured by K1={1,2,3} thereby giving a codebook size of 6 bits for each semi-static HARQ-ACK codebook, and the whole codebook size of semi-static codebooks in slot 3 is 12 bits which is twice the size of subslot-based K1 indication.
It is observed the feedback windows of different semi-static HARQ-ACK codebooks in the same slot are completely overlapping. That results in a larger semi-static HARQ-ACK codebook overhead which related to the number of HARQ-ACK transmissions in one slot. 


Figure 2: Time window of HARQ-ACK codebook for slot-based K1 indication
Observation 1: The size of semi-static HARQ-ACK codebook for slot-based K1 indication is larger than that for subslot-based K1 indication in the case of the same feedback situation. 
Observation 2: For subslot-based K1 indication, semi-static HARQ-ACK codebook in the same slot have the same codebook size since each HARQ-ACK codebook addresses the same feedback window, which can lead to a larger semi-static HARQ-ACK codebook overhead.
Proposal 1: Overhead of semi-static HARQ-ACK codebook should be reduced for slot-based K1 indication.
Splitting the K1 set
[bookmark: OLE_LINK5]In order to achieve sub-slot-based HARQ-ACK feedback procedure and keep the per-slot K1 unit , a possible way to reduce the overhead is to split the K1 set and assign to each subslot. That is, the K1 set of each subslot in a slot do not need to be exactly the same but the union of all K1 sets is equal to the original K1 set. In this case, the feedback windows of each semi-static HARQ-ACK codebook in a slot won’t be overlapped but cover a separate period of the feedback window for the slot. Thus the size of each semi-static HARQ-ACK codebook is eliminated. Figure 3, Figure 4, and Figure 5 illustrate three K1 set splitting schemes corresponding to different feedback requirements.
In Fig 3, if the PDSCH1 is indicated to have feedback in HARQ1 in subslot6, and the PDSCH2 and the PDSCH3 is indicated to have feedback in HARQ2 in subslot7 which is the same as Fig2. To reduce the overhead of HARQ codebook, K1={1,2,3} is split into two parts with the first subslot is configured by K1={3} and the second subslot is configured by K1={1,2}. The HARQ1 will feedback for all PDSCH opportunities in the feedback window of HARQ1 (slot 0) thereby giving a codebook size of 2 bits for HARQ1 codebook, and the HARQ2 will feedback for all PDSCH opportunities in the feedback window of HARQ2 (slot 1 and slot 2) thereby giving a codebook size of 4 bits for HARQ2 codebook. Thus the whole codebook size of semi-static codebooks in slot 3 is 6 bits which is half the size of semi-static codebooks without splitting the K1 set.
In Fig 4, if the PDSCH1 and the PDSCH2 is indicated to have feedback in HARQ1 in subslot6, and the PDSCH3 is indicated to have feedback in HARQ2 in subslot7. To reduce the overhead of HARQ codebook, K1={1,2,3} is split into two parts with the first subslot is configured by K1={2,3} and the second subslot is configured by K1={1}. The HARQ1 will feedback for all PDSCH opportunities in the feedback window of HARQ1 (slot 0 and slot 1) thereby giving a codebook size of 4 bits for HARQ1 codebook, and the HARQ2 will feedback for all PDSCH opportunities in the feedback window of HARQ2 (slot 2) thereby giving a codebook size of 2 bits for HARQ2 codebook. Thus the whole codebook size of semi-static codebooks in slot 3 is 6 bits which is half the size of semi-static codebooks without splitting the K1 set.
In Fig 5, if the PDSCH1 and the PDSCH3 is indicated to have feedback in HARQ1 in subslot6, and the PDSCH2 and the PDSCH4 is indicated to have feedback in HARQ2 in subslot7. To reduce the overhead of HARQ codebook, K1={1,2,3} is split into two parts with the first subslot is configured by K1={2,3} and the second subslot is configured by K1={1,2}. The HARQ1 will feedback for all PDSCH opportunities in the feedback window of HARQ1 (slot 0 and slot 1) thereby giving a codebook size of 4 bits for HARQ1 codebook, and the HARQ2 will feedback for all PDSCH opportunities in the feedback window of HARQ2 (slot 1 and slot 2) thereby giving a codebook size of 4 bits for HARQ2 codebook. Thus the whole codebook size of semi-static codebooks in slot 3 is 8 bits which is one third the size of semi-static codebooks without splitting the K1 set.



Figure 3: Split K1 set of semi-static HARQ-ACK codebook for feedback requirement 1



Figure 4: Split K1 set of semi-static HARQ-ACK codebook for feedback requirement 2




Figure 5: Split K1 set of semi-static HARQ-ACK codebook for feedback requirement 3

Observation 3: The size of semi-static HARQ-ACK codebook can be eliminated for slot-based K1 indication by splitting the K1 set and assigning to each subslot. 
Observation 4: The splitting schemes of K1 set are various corresponding to different feedback requirements.
Observation 5: The K1 set for each subslot is restricted by the original K1 set since the union of all K1 sets has to equal to the original K1 set. 
Proposal 2: K1 set splitting method can be considered to reduce the overhead of semi-static HARQ-ACK codebook.
Proposal 3: Different splitting schemes of K1 set corresponding to different feedback requirements can be considered.
Proposal 4: Configuring the K1 set separately for each subslot instead of splitting the original K1 set to be more flexible. 
Conclusions
In this contribution, we discuss the comparison of the size of semi-static HARQ-ACK codebook for slot-based K1 indication and subslot-based K1 indication. Furthermore, K1 set splitting method are discussed to reduce the overhead of semi-static HARQ-ACK codebook. Observation and proposals are given as follows.

Observation 1: The size of semi-static HARQ-ACK codebook for slot-based K1 indication is larger than that for subslot-based K1 indication in the case of the same feedback situation. 
Observation 2: For subslot-based K1 indication, semi-static HARQ-ACK codebook in the same slot have the same codebook size since each HARQ-ACK codebook addresses the same feedback window, which can lead to a larger semi-static HARQ-ACK codebook overhead.
Observation 3: The size of semi-static HARQ-ACK codebook can be eliminated for slot-based K1 indication by splitting the K1 set and assigning to each subslot. 
Observation 4: The splitting schemes of K1 set are various corresponding to different feedback requirements.
Observation 5: The K1 set for each subslot is restricted by the original K1 set since the union of all K1 sets has to equal to the original K1 set. 
Proposal 1: Overhead of semi-static HARQ-ACK codebook should be reduced for slot-based K1 indication.
Proposal 2: K1 set splitting method can be considered to reduce the overhead of semi-static HARQ-ACK codebook.
Proposal 3: Different splitting schemes of K1 set corresponding to different feedback requirements can be considered.
Proposal 4: Configuring the K1 set separately for each subslot instead of splitting the original K1 set to be more flexible. 
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