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1 Introduction
In RAN1 AH 1801, there is no consensus agreement for the transmission when PUCCH partially overlaps with PUSCH. In this contribution, we show our views on this issue.
2 Discussion
The following cases of partial overlap between PUSCH and PUCCH, should be considered:
· Case 1: SPS PUSCH + PUCCH for SPS-CSI/P-CSI/SPS-HARQ-ACK/SR
If the starting symbol of PUSCH is before PUCCH, SPS-CSI/P-CSI/SPS-HARQ-ACK/SR cannot be piggybacked on PUSCH, since the generation of SPS-CSI/P-CSI/SPS-HARQ-ACK/SR may be not finished yet. The following options can be considered:

1) Option 1: PUSCH is dropped.

2) Option 2: PUSCH is punctured by PUCCH.

Option 2 is preferred for the gain of HARQ combination with the retransmission. On the other hand, SPS-CSI/P-CSI/SPS-HARQ-ACK/SR is piggybacked on PUSCH.
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Figure 1: Case 1

Proposal 1: When a SPS PUSCH partially overlaps with a PUCCH for SPS-CSI/P-CSI/SPS-HARQ-ACK/SR:

· If the starting symbol of PUSCH is before PUCCH, PUSCH is punctured by PUCCH.
· Otherwise, SPS-CSI/P-CSI/SPS-HARQ-ACK/SR is piggybacked on PUSCH.

· Case 2: Dynamic PUSCH + PUCCH for SPS-CSI/P-CSI/SPS-HARQ-ACK/SR
Once a dynamic PUSCH partially overleaped with a PUCCH for SPS-CSI/P-CSI/SPS-HARQ-ACK/SR is scheduled by gNB, it means that the priority of PUSCH (i.e. URLLC) is higher than SPS-CSI/P-CSI/SPS-HARQ-ACK/SR. Otherwise, gNB should avoid such scheduling. 
When the starting symbol of PUSCH is before PUCCH, the following options can be considered for case 2:

1) Option A: PUCCH for SPS-CSI/P-CSI/SPS-HARQ-ACK/SR is dropped.

2) Option B: PUCCH for SPS-CSI/P-CSI/SPS-HARQ-ACK/SR is punctured by the PUSCH.

Considering the punctured PUCCH almost cannot be correctly decoded, option A is proposed for case 2.

When the starting symbol of PUCCH is before PUSCH, SPS-CSI/P-CSI/SPS-HARQ-ACK/SR is piggybacked on PUSCH.
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Figure 2: Case 2

Proposal 2: When a dynamic PUSCH partially overlaps with a PUCCH for SPS-CSI/P-CSI/SPS-HARQ-ACK/SR:

· If the starting symbol of PUSCH is before PUCCH, PUCCH is dropped.

· Otherwise, SPS-CSI/P-CSI/SPS-HARQ-ACK/SR is piggybacked on PUSCH.

· Case 3: SPS PUSCH + PUCCH for dynamic HARQ-ACK
The priority of PUCCH for dynamic HARQ-ACK is higher than SPS PUSCH. Therefore, PUSCH is punctured by PUCCH.
Proposal 3: When a SPS PUSCH partially overlaps with a PUCCH for dynamic HARQ-ACK, PUSCH is punctured by PUCCH.
· Case 4: Dynamic PUSCH + PUCCH for dynamic HARQ-ACK
When both the PUSCH and PUCCH are dynamically scheduled, gNB knows the priority of each channel. Therefore, the channel, scheduled by the later DCI, has higher priority. 
If the channel scheduled by the later DCI is PUCCH, PUCCH is transmitted. Similar as case 3, PUSCH is punctured by PUCCH.
If the channel scheduled by the later DCI is PUSCH, PUSCH is transmitted. Furthermore, if the starting symbol of PUCCH is before PUSCH, dynamic HARQ-ACK is piggybacked on PUSCH. If the starting symbol of PUSCH is before PUCCH, dynamic HARQ-ACK is dropped.
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Figure 3: Case 4

Proposal 4: When a dynamic PUSCH partially overlaps with a PUCCH for dynamic HARQ-ACK, the channel scheduled by the later DCI is transmitted.

· If PUCCH is transmitted, PUSCH is punctured by PUCCH.
· If PUSCH is transmitted and the starting symbol of PUCCH is before PUSCH, dynamic HARQ-ACK is piggybacked on PUSCH.
· If PUSCH is transmitted and the starting symbol of PUSCH is before PUCCH, dynamic HARQ-ACK is dropped.
3 Conclusions
In this contribution, we show our views on the transmission when PUCCH partially overlaps with PUSCH with following proposals:
Proposal 1: When a SPS PUSCH partially overlaps with a PUCCH for SPS-CSI/P-CSI/SPS-HARQ-ACK/SR:

· If the starting symbol of PUSCH is before PUCCH, PUSCH is punctured by PUCCH.

· Otherwise, SPS-CSI/P-CSI/SPS-HARQ-ACK/SR is piggybacked on PUSCH.

Proposal 2: When a dynamic PUSCH partially overlaps with a PUCCH for SPS-CSI/P-CSI/SPS-HARQ-ACK/SR:

· If the starting symbol of PUSCH is before PUCCH, PUCCH is dropped.

· Otherwise, SPS-CSI/P-CSI/SPS-HARQ-ACK/SR is piggybacked on PUSCH.

Proposal 3: When a SPS PUSCH partially overlaps with a PUCCH for dynamic HARQ-ACK, PUSCH is punctured by PUCCH.
Proposal 4: When a dynamic PUSCH partially overlaps with a PUCCH for dynamic HARQ-ACK, the channel scheduled by the later DCI is transmitted.

· If PUCCH is transmitted, PUSCH is punctured by PUCCH.
· If PUSCH is transmitted and the starting symbol of PUCCH is before PUSCH, dynamic HARQ-ACK is piggybacked on PUSCH.
· If PUSCH is transmitted and the starting symbol of PUSCH is before PUCCH, dynamic HARQ-ACK is dropped.
Table 1: Summary of partial overlap between PUSCH and PUCCH

	
	SPS PUSCH
	Dynamic PUSCH

	SPS PUCCH

(SPS-CSI/P-CSI/SPS-HARQ-ACK/SR)
	· If the starting symbol of PUSCH is before SPS PUCCH, 
· SPS PUSCH is punctured by SPS PUCCH.
· Dynamic PUSCH is transmitted, and SPS PUCCH is dropped.
· Otherwise, SPS-CSI/P-CSI/SPS-HARQ-ACK/SR is piggybacked on SPS PUSCH.

	Dynamic PUCCH

(dynamic HARQ-ACK)
	SPS PUSCH is punctured by dynamic PUCCH.
	The channel scheduled by the later DCI is transmitted:
· If dynamic PUCCH is transmitted, dynamic PUSCH is punctured by dynamic PUCCH.
· If dynamic PUSCH is transmitted,

· If the starting symbol of dynamic PUCCH is before dynamic PUSCH, dynamic HARQ-ACK is piggybacked on dynamic PUSCH.
· Otherwise, dynamic PUCCH is dropped.
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