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1 Introduction
In this document, we discuss multiplexing of slot-based long PUSCH/PUCCH with mini-slot based short PUSCH/PUCCH and related UE behaviours. 
2 Discussion
UEs which are not limited by uplink transmit (Tx) power or have sufficient power headroom (above a certain threshold) may be able to use both long PUCCH and short PUCCH depending on UCI types, traffic types, and/or applications. For example, UE may be semi-statically configured with a long PUCCH resource for periodic transmission of large payload UCI (e.g. a periodic CSI report including narrow beam related information), while a short PUCCH resource is used for SR or HARQ-ACK transmission. In another example, mini-slot based short PUSCH/PUCCH are used for ultra-reliable ultra-low-latency (URLLC) traffics, and slot-based long PUSCH/PUCCH are employed for normal traffics (e.g., regular latency).  

When multiplexing slot-based and mini-slot based uplink transmissions within a UE, potential issues on inter-modulation and power amplifier (PA) output power back-off should be taken into account. For example, simultaneous transmission of long PUSCH/PUCCH and short PUSCH/PUCCH from one UE with non-continuous PRB allocation in frequency domain may cause significant signal distortion and/or in-band/out-of-band emissions. Furthermore, when multiplexing long PUSCH/PUCCH and short PUSCH/PUCCH from different UEs or from the same UE, different scheduling frequencies (i.e. mini-slot vs slot level scheduling, semi-static vs dynamic scheduling), different HARQ processing timelines,  and different processing delays for UL transmission upon reception of UL grant should be considered to determine UE behaviours.  

Case 1: Multiplexing of semi-statically configured short PUCCH/PUSCH with dynamically scheduled long PUSCH/PUCCH

For multiplexing semi-statically configured short PUCCH/PUSCH (e.g. URLLC SR, grant-free UL data transmission) with dynamically scheduled long PUSCH/PUCCH (e.g. grant-based UL data transmission, aperiodic CSI report), UE may operate according to the following descriptions: 
· Semi-static URLLC SR or grant-free PUSCH resources may be UE-specifically or cell-specifically configured. Even with UE-specific configuration, the time-frequency resources may still be shared by multiple UEs via e.g. CDM. 

· Rate-matching indication in UL DCI: For multiplexing different UEs, UL DCI scheduling long PUSCH/PUCCH can include an indication on the semi-statically configured short PUSCH/PUCCH resource for other UEs, which fully or partially overlaps with the long PUSCH/PUCCH resource in time and in frequency, as shown in Figure 2 (a). UE determines the overlapped resource elements (REs) based on the indication, and performs rate-matching around the overlapped REs for the long PUSCH/PUCCH. If the semi-static short PUSCH/PUCCH resource is selected from a predefined set of resources or if the short PUSCH/PUCCH resource is determined by combination of one of predefined configuration and a few configurable parameters, a signaling overhead in UL DCI for indicating the semi-statically configured short PUCCH/PUSCH resource can be reduced.    

· Rate matching: For multiplexing within a single UE, if, in a given symbol, long PUCCH/PUSCH resource allocation includes or partially includes the semi-statically configured short PUCCH/PUSCH resources, UE considers the configured short PUCCH/PUSCH resources not available for long PUSCH/PUCCH and performs rate-matching around the configured short PUCCH/PUSCH resources. Although the UE may not transmit URLLC SR or grant-free data transmission on the configured short PUCCH/PUSCH resources, other UEs may use the configured short PUCCH/PUSCH resources. Thus, the UE does rate-matching irrespective of whether it actually transmits short PUCCH/PUSCH on the configured resources. 
· UCI multiplexing in PUSCH with puncturing of PUSCH: For multiplexing within a single UE, if, in a given symbol, long PUCCH/PUSCH resource allocation does not include the semi-statically configured short PUCCH/PUSCH resources and if the UE is not capable of simultaneous transmissions on non-contiguous PRBs for example, due to emission issues or UE capability, and UE needs to transmit short PUCCH/PUSCH, the short PUCCH/PUSCH transmission is moved into the allocated long PUCCH/PUSCH resource, as shown in Figure 2 (b). If the actual short PUCCH/PUSCH transmission from the UE may or may not occur (e.g. for URLLC SR or grant-free transmission) and whether to transmit short PUCCH/PUSCH or not is determined in a mini-slot level (a mini-slot is a transmission duration smaller than a slot), it is difficult for UE to perform rate-matching around the moved short PUCCH/PUSCH resources in advance by taking into account the actual transmission. Thus, the UE may puncture the long PUSCH/PUCCH for the moved short PUCCH/PUSCH resources, if short PUCCH(s)/PUSCH(s) are actually transmitted.  
Proposal 1: NR supports rate-matching indication in UL DCI scheduling long PUSCH/PUCCH, if semi-statically configured short PUSCH/PUCCH resource for other UEs fully or partially overlaps with the long PUSCH/PUCCH resource in time and in frequency.

Proposal 2: If, in a given symbol, long PUCCH/PUSCH resource allocation fully or partially includes semi-statically configured short PUCCH/PUSCH resources for the same UE, the UE performs rate-matching around the configured short PUCCH/PUSCH resources irrespective of whether it actually transmits short PUCCH/PUSCH on the configured resources.
Proposal 3: If, in a given symbol, long PUCCH/PUSCH resource allocation does not include semi-statically configured short PUCCH/PUSCH resources for the same UE, if the UE is not capable of simultaneous transmissions on non-contiguous PRBs, and if UE needs to transmit short PUCCH/PUSCH, UE moves the short PUCCH/PUSCH transmission into the allocated long PUCCH/PUSCH resource and punctures the long PUCCH/PUSCH. 
Case 2: Multiplexing of semi-statically configured short PUCCH/PUSCH with semi-statically configured long PUSCH/PUCCH

If a UE has semi-statically configured short PUCCH/PUSCH (e.g. URLLC SR) resources and semi-statically configured long PUSCH/PUCCH (e.g. periodic CSI report) resources, if the short PUCCH/PUSCH and long PUSCH/PUCCH resources occur on non-contiguous PRBs in the same slot, and if the UE does not support an UL transmission on non-contiguous PRBs in the frequency domain, UE does not use the semi-statically configured short PUCCH/PUSCH resources but move short PUCCH/PUSCH transmissions within the long PUSCH/PUCCH resources. Further, the UE punctures the long PUSCH/PUCCH on the resource elements where short PUCCH(s)/PUSCH(s) are actually transmitted. 
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(b) Multiplexing of semi-statically configured short PUCCH and slot-based PUSCH from one UE
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Figure 2 Examples for multiplexing semi-statically configured short PUCCH with slot-based PUSCH 

3 Conclusion
In summary, we propose the followings for multiplexing of slot-based long PUSCH/PUCCH with mini-slot based short PUSCH/PUCCH:

Proposal 1: NR supports rate-matching indication in UL DCI scheduling long PUSCH/PUCCH, if semi-statically configured short PUSCH/PUCCH resource for other UEs fully or partially overlaps with the long PUSCH/PUCCH resource in time and in frequency.

Proposal 2: If, in a given symbol, long PUCCH/PUSCH resource allocation fully or partially includes semi-statically configured short PUCCH/PUSCH resources for the same UE, the UE performs rate-matching around the configured short PUCCH/PUSCH resources irrespective of whether it actually transmits short PUCCH/PUSCH on the configured resources.

Proposal 3: If, in a given symbol, long PUCCH/PUSCH resource allocation does not include semi-statically configured short PUCCH/PUSCH resources for the same UE, if the UE is not capable of simultaneous transmissions on non-contiguous PRBs, and if UE needs to transmit short PUCCH/PUSCH, UE moves the short PUCCH/PUSCH transmission into the allocated long PUCCH/PUSCH resource and punctures the long PUCCH/PUSCH. 
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(a) Multiplexing of semi-statically configured short PUCCH and slot-based PUSCH from different UEs
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(b) Multiplexing of semi-statically configured short PUCCH and slot-based PUSCH from one UE
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