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1 Introduction

The following was agreed on multiplexing short PDCCH and PUSCH transmissions [1].
Agreements:
· For PUCCH in short-duration,

· At least following is supported for PUCCH in 1-symbol duration:

· UCI and RS are multiplexed in the given OFDM symbol in FDM manner if RS is multiplexed.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
· At least a PUCCH in short-duration spanning 2-symbol duration of a slot is supported.

· FFS actual structure and waveform.

· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.

· At least semi-static configuration for the following is supported.

· A PUCCH resource of a given UE within a slot.

· i.e., short-PUCCHs of different UEs can be TDM’ed within the given duration in a slot.

· The PUCCH resource includes time, frequency and, when applicable, code domains.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot
· PUCCH in short-duration can span until the end of a slot from UE perspective
· No explicit gap symbol is necessary after the PUCCH in short-duration.

· For a slot having short UL-part (i.e., DL-centric slot):

· ‘Short UCI’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.

· For a slot having long UL-part (i.e., UL-centric slot or UL-only slot), following are FFS:

· Whether/how a UL data in the long UL-part can be extended until the end of the slots.

· Whether/how a UL data can be scheduled on the short-duration.

This contribution considers FDM/TDM aspects between short PUCCH and UL data channels (PUSCH) or SRS.

2 Partial BW Utilization for PUSCH Transmissions
2.1 Multiplexing short PUCCH and PUSCH
Utilizing BW in symbols with potential short PUCCH transmissions for PUSCH transmissions has similarities with utilizing BW in symbols with potential PDCCH transmissions for PDSCH transmissions [2]. Nevertheless, there are also differences.

PDCCH transmissions are frequent and essential for the system operation. BW occupancy can be tens of PRBs per symbol and variations can correspond to a material portion of resources. For example, for scheduling over 14 symbols, system BW of 20 MHz, 2 DL control resource sets (CORESETs) of 10 MHz each, and PDCCH transmissions over 3 symbols, the ability to use for PDSCH transmissions the time/frequency resources of one DL CORESET when it is not used for PDCCH transmissions results to a material gain of 11% in PDSCH spectral efficiency (the percentage is actually larger when other signaling overhead such as DMRS or CSI-RS is considered). 

Use of short PUCCH is primarily (although not exclusively) associated with the fastest possible HARQ-ACK feedback that can be supported by some UEs. Therefore, a short PUCCH may not often exist (e.g. for UEs not capable or not requiring immediate HARQ-ACK feedback), and its use is primarily associated a DL-centric slot and not an UL-centric or a full UL slot transmissions. FDM of PDSCH and short PUCCH transmissions is irrelevant in this release as full-duplex is not supported. Therefore, only FDM of PUSCH and PUCCH transmissions (from different UEs) is applicable and, as previously mentioned, respective slot structures do not represent a primary use case for use of short PUCCH.  

Further, for HARQ-ACK transmissions of 1-2 bits, the total number of required PRBs is small (and some UE multiplexing per PRB is also supported). For SR or periodic CSI transmissions, the total number of PRBs can be configured by higher layer signaling. Therefore, any meaningful variability in number of PRBs used for short PUCCH transmissions can be only due to multi-bit HARQ-ACK transmissions. 

Observation 1: Dynamic rate matching of PUSCH transmissions over configured sets of PRBs for short PUCCH transmissions is less meaningful than dynamic rate matching of PDSCH transmissions over configured sets of PRBs for PDCCH transmissions.

To determine whether short PUCCH resources used in a slot need to be indicated for PUSCH rate matching, the tradeoff between DL signaling overhead and resource savings, on average, needs to be considered. If the network does not support use of short PUCCH for multi-bit HARQ-ACK transmissions, it is preferable to have only semi-static configuration of short PUCCH resources; otherwise, dynamic indication similar to the indication of CORESETs can be considered (deprioritized over resource sharing for PDCCH and PDSCH transmissions) using similar mechanisms. Then, higher layer signaling can indicate sets of PRBs (for short PUCCH transmission) and configurable dynamic signaling by UL DCI and/or UE-group common DCI can be used to indicate which of the sets of PRBs are used (or not used) in a given slot. 

Proposal 1: Higher layer signaling indicates sets of symbols and PRBs that can be used for short PUCCH transmissions. 
Proposal 2: Configurable DCI-based signaling indicates sets of PRBs, from configured sets of PRBs, not used for short PUCCH transmissions in a slot. 
The existence of SRS transmissions needs to also be considered for PUSCH rate matching. From a UE perspective, TDM between SRS and short PUCCH transmissions has been agreed while FDM is FFS. While periodic SRS transmissions can be handled by higher layer signaling for PUSCH rate matching, dynamic and possibly semi-persistent SRS transmissions can require dynamic signaling at least when A-SRS is triggered in symbols without configured periodic SRS transmissions (similar to A-CSI and P-CSI, A-SRS transmission can require more resources for more refined information than P-SRS transmissions). 

Dynamic SRS transmissions may or may not exist over one or more symbols. Therefore, to avoid resource underutilization if SRS transmissions are not full BW ones, it can be considered to indicate PRBs where a PUSCH transmission needs to apply rate matching (depending on whether or not it overlaps in BW with the configuration of PRBs for dynamic SRS transmissions) by UL DCI and/or by UE-group common DCI. It is assumed that a UE does not simultaneously transmit more than one of a PUSCH, short PUCCH, or SRS.
There are a few aspects that need to be considered for PUSCH rate matching in PRBs that may be used for dynamic short PUCCH or SRS transmissions. A first issue is that resource utilization can be obtained by scheduling separate PUSCH transmissions in resources not utilized by short PUCCH or SRS transmissions. However, this is an inefficient solution due to DCI overhead and the practicality of relying on an existence of such short PUSCH transmissions where DMRS represents large overhead. A second issue is that SRS transmissions, particularly A-SRS ones, are likely to be wideband in the BW part of a PUSCH transmission and available PRBs that can be utilized for PUSCH transmissions are expected to be few (PUSCH duration can be adjusted by DCI) – this mitigates a need for dynamic rate matching of PUSCH and SRS transmissions. A third issue is that in order to utilize for PUSCH transmissions PRBs that may be used for short PUCCH transmissions, SRS transmissions need to occur after short PUCCH transmissions; otherwise, a UE needs to pause a PUSCH transmission in symbols with SRS transmissions and resume the PUSCH transmission in available PRBs that are not used for short PUCCH transmissions (it is feasible, as a PUSCH power transient can be avoided, but it is also undesirable in terms of UE/gNB implementation).    

Observation 2: Dynamic signaling for utilizing PRBs that may be used for A-SRS transmissions is expected to be less meaningful than dynamic signaling for utilizing PRBs that may be used for short PUCCH transmissions.

Observation 3: Although not required, it is generally beneficial for dynamic utilization of PRBs that may be used short PUCCH transmissions for SRS transmissions to occur after short PUCCH transmissions in a slot.

2.2 Multiplexing short PUCCH and SRS
SRS can be transmitted over multiple symbols and therefore TDM of short PUCCH and SRS was agreed from a UE perspective (FDM is FFS). 
From a network perspective, in symbols with short PUCCH transmissions, BW not configured for short PUCCH can be used for SRS transmissions (from a UE perspective, simultaneous short PUCCH transmission and SRS transmission from a UE is considered a collision – short PUCCH transmission can be prioritized). BW configured for short PUCCH transmissions can be considered as representing reserved resources for SRS transmissions. Puncturing of wideband SRS transmissions in PRBs configured for short PUCCH transmissions does not preserve the single carrier property for SRS transmissions but this is not an issue for wideband SRS transmissions (e.g. respective UEs are also expected to use CP-OFDM for other transmissions).
Observation 4: There is no need for frequency hopping of the BW configured for short PUCCH transmissions. Resources configured for short PUCCH transmissions can be reserved resources for SRS transmissions.
3 Conclusions

This contribution considered multiplexing of PUSCH transmissions with short PUCCH or SRS transmissions and proposes the following. 
Proposal 1: Higher layer signaling indicates sets of symbols and PRBs that can be used for short PUCCH transmissions. 
Proposal 2: Configurable DCI-based signaling indicates sets of PRBs, from configured sets of PRBs, not used for short PUCCH transmissions in a slot. 

In addition, the following observations are made.

Observation 1: Dynamic rate matching of PUSCH transmissions over configured sets of PRBs for short PUCCH transmissions is less meaningful than dynamic rate matching of PDSCH transmissions over configured sets of PRBs for PDCCH transmissions.

Observation 2: Dynamic signaling for utilizing PRBs that may be used for A-SRS transmissions is expected to be less meaningful than dynamic signaling for utilizing PRBs that may be used for short PUCCH transmissions.

Observation 3: Although not required, it is generally beneficial for dynamic utilization of PRBs that may be used short PUCCH transmissions for SRS transmissions to occur after short PUCCH transmissions in a slot.

Observation 4: There is no need for frequency hopping of the BW configured for short PUCCH transmissions. Resources configured for short PUCCH transmissions can be reserved resources for SRS transmissions.
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