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1. Introduction
In this contribution, we discuss Type-1 HARQ-ACK codebook determination.

2. Type-1 HARQ-ACK codebook determination
In TS 38.213 section 9.1.2, Type-1 HARQ-ACK codebook determination is specified. With this type, a UE generates HARQ-ACK bit(s) on a UCI transmission occasion corresponding to all the possible PDSCH candidates in order to avoid any ambiguity on the HARQ-ACK codebook. For example, if a UE is configured with K1 (i.e., HARQ-ACK timing) of {1, 2, 3, 4, 5, 6, 7, 8} slots, at a slot #n, the UE generates HARQ-ACK bits for possible PDSCH candidates at slots # {n-8, n-7, n-6, n-5, n-4, n-3, n-2, n-1}. As such, DCI detection does not impact on the HARQ-ACK bit generation. 
Current TS 38.213 further avoids over dimension of the HARQ-ACK codebook: HARQ-ACK bit(s) corresponding to invalid PDSCH candidate(s) are excluded from the codebook. For this, two cases are taken into account.
· Case 1: PDSCH candidate(s) overlapped with UL symbols configured by semi-static UL/DL assignment is/are considered as invalid.
· Case 2: PDSCH candidate(s) overlapped with another PDSCH candidate(s) starting from the same timing area (more specifically, starting symbol(s) of the two PDSCH candidates are before the end symbol of the early PDSCH candidate) is/are considered as invalid.
With the current description, the UE shall generate HARQ-ACK bit(s) for all the PDSCH candidates in each slot unless the candidate is in the above case 1 or case 2. For example, in the following example figure, the UE shall generate 7 HARQ-ACK bits per slot, regardless of how PDSCH(s) is/are scheduled in the slot (note: for the two PDSCHs having number #0, only one HARQ-ACK bit is generated, since the UE is not scheduled with two PDSCHs having number #0 in the same slot).
[image: ]
Fig.1.	HARQ-ACK codebook generation for a slot.
However, it does not take into account how many PDSCH(s) the UE can receive per slot. Advanced UE may receive all the PDSCH candidates (#0~#7) in one slot. A basic UE may receive only one PDSCH candidate in one slot, e.g., it may not be possible to receive PDSCH candidates #1~#7. Taking into account for such UE capability difference, the current HARQ-ACK codebook generation can still be improved.
So far, simultaneous reception of multiple PDSCHs in the same carrier has not been agreed. On the other hand, from the list of feature groups, it is natural to consider that some UE may not be able to receive more than one PDSCH per slot. For such UE, up to one HARQ-ACK bit for all PDSCH candidates in a slot is sufficient. We propose to take this into account in the spec. If simultaneous reception of multiple PDSCHs in the same carrier is supported, the HARQ-ACK codebook determination can further be adjusted.
Proposal 1:
· For Type-1 HARQ-ACK codebook determination, if the UE is capable of receiving up to one PDSCH per slot, the number of HARQ-ACK bit over the PDSCH candidates in a slot is one.

3. Conclusion
[bookmark: _GoBack]In this contribution, we discussed details of Type-1 HARQ-ACK codebook determination, and proposed following.
Proposal 1:
· For Type-1 HARQ-ACK codebook determination, if the UE is capable of receiving up to one PDSCH per slot, the number of HARQ-ACK bit over the PDSCH candidates in a slot is one.
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At a slot where the HARQ-ACK bit(s) for the above slot can be mapped,

the UE generate HARQ-ACK codebook as:

- 1-bit for either 14-symbol PDSCH or 2-symbol PDSCH with number 0

- 1-bit for each 2-symbol PDSCH with number 1, 2, 3, 4, 5, 6
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