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1 Introduction
PUCCH partial overlap issues have been discussed for a long time. One focus problem is how to handle PUCCH colliding with other UL channels when URLLC is taking into account. In our opinion, once URLLC transmission is configured, the latency requirement must be satisfied. In this contribution, we discuss the uplink channel overlap for the UE supporting URLLC transmission.
2 Discussion
2.1 SR with short periodicity + PUCCH/PUSCH
To discuss the multiplexing of URLLC SR and other uplink channels, the following two problems, referring to the latency of SR, should be considered:

(1). Transmission latency

Positive SR should be immediately transmitted after the data arriving. Otherwise, the latency requirement (i.e. 1ms) cannot be satisfied. One example is shown in Figure 1, when URLLC data is arriving during the transmission time of a 14-symbol PUCCH/PUSCH, if SR cannot be transmitted until the end of the PUCCH/PUSCH, only the SR latency will be close to 1ms.
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Figure 1: Large transmission latency of SR
(2). Decoding latency
Based on the current agreements, when a SR transmission occasion has a same first symbol as another uplink channel, SR will be multiplexed in the uplink channel. However, if the duration of the uplink channel is 1ms, the decoding latency of SR will exceed 1ms.
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Figure 2: Large decoding latency of SR

In order to solve the above problems, URLLC SR should be transmitted with a higher priority when URLLC SR overlaps with an uplink channel for eMBB. In NR Rel-15, there is no physical layer singling to indicate the URLLC transmission. Therefore, how to determine an uplink channel refers to URLLC or eMBB is an essential issue. We propose the following option can be used to support SR transmission for the UE supporting URLLC:
· When a SR transmission occasion overlaps with a PUCCH/PUSCH in slot n,
· If SR periodicity is shorter than the duration of PUCCH/PUSCH, 
· PUCCH/PUSCH is stopped if SR is positive;
· PUCCH/PUSCH is transmitted if SR is negative.
· If SR periodicity is no shorter than the duration of PUCCH/PUSCH, the transmission is discussed in following sections.
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Figure 3: SR transmission for the UE supporting URLLC

Proposal 1: For the UE supporting URLLC, when a SR transmission occasion overlaps with a PUCCH/PUSCH in slot n,

· If SR periodicity is shorter than the duration of PUCCH/PUSCH, 
· PUCCH/PUSCH is stopped if SR is positive;
· PUCCH/PUSCH is transmitted if SR is negative.
2.2 GF-PUSCH with short periodicity + PUCCH/PUSCH
The transmission of GF-PUSCH is very similar to SR. Therefore, the principle (i.e. comparing the periodicity and duration) for determining URLLC SR can be reused for GF-PUSCH. When the periodicity of GF-PUSCH is shorter than the duration of PUCCH/PUSCH, GF-PUSCH can be transmitted and the other channel can be stopped [4].
Proposal 2: For the UE supporting URLLC, when a GF-PUSCH occasion overlaps with a PUCCH/PUSCH in slot n,

· If the periodicity of GF-PUSCH is shorter than the duration of PUCCH/PUSCH, GF-PUSCH can be transmitted, and the other channel can be stopped.
2.3 Collision between P-CSI/SPS-CSI/HARQ-ACK for SPS-PDSCH/SR or GF-PUSCH with long periodicity 
If the overlapped channels satisfy the multiplexing conditions [3], UCIs are multiplexed in one PUCCH, using the existing UCI multiplexing rule. If the overlapped channels not satisfy the multiplexing conditions, the channel with the highest priority should be transmitted. The priority can be A/N > SR > CSI > GF-PUSCH with long periodicity.

Proposal 3: For the UE supporting URLLC transmission, in case of the collision between P-CSI/SPS-CSI/HARQ-ACK for SPS-PDSCH/SR or GF-PUSCH with long periodicity,

· If the overlapped channels satisfy the multiplexing conditions [3], UCIs are multiplexed in one PUCCH or PUSCH, using the existing UCI multiplexing rule
· Otherwise, the channel with the highest priority is transmitted.
· The priority is A/N > SR with long periodicity > CSI > GF-PUSCH with long periodicity.
· Note: SR/GF-PUSCH with long periodicity refers to the periodicity of SR/GF-PUSCH is no shorter than the duration of the other overlapped channel.
2.4 P-CSI/SPS-CSI/HARQ-ACK for SPS-PDSCH/SR or GF-PUSCH with long periodicity + PUCCH/PUSCH with a DCI
For the UE supporting URLLC transmission, once a PUSCH or a PUCCH corresponding to a dynamic PDSCH, overlapped with the transmission of P-CSI/SPS-CSI/HARQ-ACK for SPS-PDSCH/SR or GF-PUSCH with long periodicity, is scheduled by gNB, it means that the priority of PUSCH/PDSCH with a DCI is higher. Otherwise, gNB should avoid such scheduling. When a PUSCH/PUCCH with a DCI overlaps with the transmission of P-CSI/SPS-CSI/HARQ-ACK for SPS-PDSCH/SR or GF-PUSCH with long periodicity in slot n:
· If the overlapped channels satisfy the multiplexing conditions [3], UCIs are multiplexed in one PUCCH or PUSCH, using the existing UCI multiplexing rule;

· Otherwise, PUSCH/PUCCH with a DCI is transmitted, and P-CSI/SPS-CSI/HARQ-ACK for SPS-PDSCH/SR or GF-PUSCH with long periodicity is dropped.
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Figure 4: The transmission of P-CSI/SPS-CSI/HARQ-ACK for SPS-PDSCH/SR or GF-PUSCH with long periodicity overlaps with a PUCCH/PUSCH with a DCI

Proposal 4: For the UE supporting URLLC transmission, if a PUSCH/PUCCH with a DCI overlaps with the transmission of P-CSI/SPS-CSI/HARQ-ACK for SPS-PDSCH/SR or GF-PUSCH with long periodicity in slot n, 
· If the overlapped channels satisfy the multiplexing conditions [3], UCIs are multiplexed in one PUCCH or PUSCH, using the existing UCI multiplexing rule;

· Otherwise, PUSCH/PUCCH with a DCI is transmitted, and P-CSI/SPS-CSI/HARQ-ACK for SPS-PDSCH/SR or GF-PUSCH with long periodicity is dropped.

· Note: SR/GF-PUSCH with long periodicity refers to the periodicity of SR/GF-PUSCH is no shorter than the duration of the other overlapped channel.
2.5 PUSCH with a DCI + PUCCH with a DCI
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 overlapped channels can satisfied the multiplexing conditions [3], UCIs are piggybacked in dynamic PUSCH. Otherwise, the channel scheduled by the later DCI is transmitted, and the other channel is punctured/dropped.
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Figure 5: PUSCH with a DCI overlaps with PUCCH with a DCI
Proposal 5: For the UE supporting URLLC transmission, if PUSCH with a DCI overlaps with a PUCCH with a DCI, 

· If the overlapped channels satisfy the multiplexing conditions, UCIs are multiplexed in one channel, using the existing UCI multiplexing rule.

· Otherwise, the channel scheduled by the later DCI is transmitted, and the other channel is punctured/dropped.
3 Conclusions
In this contribution, we show our views on the uplink channel overlap for the UE supporting URLLC transmission with following proposals:
Proposal 1: For the UE supporting URLLC, when a SR transmission occasion overlaps with a PUCCH/PUSCH in slot n,

· If SR periodicity is shorter than the duration of PUCCH/PUSCH, 
· PUCCH/PUSCH is stopped if SR is positive;
· PUCCH/PUSCH is transmitted if SR is negative.
Proposal 2: For the UE supporting URLLC, when a GF-PUSCH occasion overlaps with a PUCCH/PUSCH in slot n,

· If the periodicity of GF-PUSCH is shorter than the duration of PUCCH/PUSCH, GF-PUSCH can be transmitted, and the other channel can be stopped.
Proposal 3: For the UE supporting URLLC transmission, in case of the collision between P-CSI/SPS-CSI/HARQ-ACK for SPS-PDSCH/SR or GF-PUSCH with long periodicity,

· If the overlapped channels satisfy the multiplexing conditions [3], UCIs are multiplexed in one PUCCH or PUSCH, using the existing UCI multiplexing rule
· Otherwise, the channel with the highest priority is transmitted.
· The priority is A/N > SR with long periodicity > CSI > GF-PUSCH with long periodicity.
· Note: SR/GF-PUSCH with long periodicity refers to the periodicity of SR/GF-PUSCH is no shorter than the duration of the other overlapped channels.
Proposal 4: For the UE supporting URLLC transmission, if a PUSCH/PUCCH with a DCI overlaps with the transmission of P-CSI/SPS-CSI/HARQ-ACK for SPS-PDSCH/SR or GF-PUSCH with long periodicity in slot n, 
· If the overlapped channels satisfy the multiplexing conditions [3], UCIs are multiplexed in one PUCCH or PUSCH, using the existing UCI multiplexing rule;

· Otherwise, PUSCH/PUCCH with a DCI is transmitted, and P-CSI/SPS-CSI/SR with long periodicity/A/N for SPS-PDSCH is dropped.

· Note: SR/GF-PUSCH with long periodicity refers to the periodicity of SR/GF-PUSCH is no shorter than the duration of the other overlapped channel.
Proposal 5: For the UE supporting URLLC transmission, if PUSCH with a DCI overlaps with PUCCH with a DCI, 

· If the overlapped channels satisfy the multiplexing conditions, UCIs are multiplexed in one channel, using the existing UCI multiplexing rule.

· Otherwise, the channel scheduled by the later DCI is transmitted, and the other channel is punctured/dropped.
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