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1 Introduction

The short PDCCH transmission and structure were discussed in the last RAN1 ad-hoc meeting on NR and the following were agreed [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 Utilizing Leftover BW in Short PUCCH Symbols
Multiplexing short PUCCH and UL data

Utilizing BW in short PUCCH symbols for PUSCH transmissions has similarities with utilizing BW in NR-PDCCH symbols for PDSCH transmission. Nevertheless, the relative importance is different.

NR-PDCCH transmissions are frequent and essential for the system operation. BW occupancy can be tens of RBs per slot symbol and variations can correspond to a material portion of the slot resources. For example, for a slot with 7 or 14 symbols, system BW of 20 MHz, 2 DL control resource sets of 10 MHz each, and NR-PDCCH transmissions over 1 or 3 symbols, the ability to use one DL control resource set when it is not used for NR-PDCCH transmissions in a slot results to 13% or 8% more resources, respectively, for data transmission for a full DL slot and without considering other signaling overhead such as for CSI-RS. 

Use of short PUCCH is primarily (although not exclusively) associated with the fastest possible HARQ-ACK feedback that can be supported by some UEs for enabling ‘self-contained slot’ operation. Therefore, a short PUCCH may not exist in many slots, if at all (e.g. for a FDD system), and its use is primarily associated with DL-centric slots. Further, although the exact payloads are FFS, the number of PRBs occupied by short PUCCH is expected to be much smaller than for NR-PDCCH. This is because UCI payloads are expected to be significantly smaller than DCI payloads and a maximum number of UEs that need to transmit short PUCCH in a slot is expected to also be smaller than a maximum number of UEs that need to receive NR-PDCCH in a slot. Further, as short PUCCH may not be used in many slots, potential DCI format fields associated with utilizing BW in symbols with short PUCCH transmissions for PUSCH transmissions will often serve no purpose and represent overhead.  

For a DL-centric slot, a PUSCH transmission in symbol(s) with short PUCCH transmissions can be scheduled in a similar manner as for an UL-centric slot, as described below, regardless of whether or not all UL symbols are used for short PUCCH (or SRS) transmissions. In that sense, a distinction between ‘DL-centric’ slot and ‘UL-centric’ slot is not necessary, specifications are simplified, and PUSCH transmission duration can in general be represented by a number of slot symbols. The case of all UL symbols in a DL-centric slot being used for short PUCCH (and possibly SRS) transmission is just one realization of a general case for PUSCH transmissions. It is noted that such scheduling can be inefficient in terms of the ratio of control resources to data resources (relative control overhead) considering the lower BLER requirements for control information.  

For an ‘UL-centric’ slot, it is FFS whether/how a ‘long’ PUSCH transmission can be extended until the end of the slot. As previously mentioned, the maximum number of PRBs used for short PUCCH transmissions is not expected to be large. Then, UL grants should not be optimized to capture variability in the actual number of PRBs by increasing signaling overhead to either (explicitly or implicitly) indicate PRBs not available for PUSCH transmissions or to provide separate frequency resource allocation fields for slot symbols with and without short PUCCH transmissions. Also as previously mentioned, unlike other fields in UL grants, new fields to capture PRBs not available for PUSCH transmissions serve no purpose when there is no short PUCCH transmission. The existence of SRS transmissions needs to also be considered, both for FDM and TDM with short PUCCH transmissions, requiring a more complex mechanism to dynamically allocate PRBs for PUSCH transmissions in symbols with short PUCCH or SRS transmissions. Therefore, similar to PUSCH and SRS multiplexing in LTE (and possibly in NR), it is sufficient to provide UEs with a semi-static configuration of PRBs for potential short PUCCH transmissions. Such configuration is also generally needed for FDM of short PUCCH and SRS. A UE can then rate match a PUSCH transmission according to whether or not it overlaps in BW with the configuration of PRBs for potential short PUCCH transmissions. 
Proposal 1: Higher layer signaling indicates frequency resources used for short PUCCH transmission. 
As short PUCCH transmissions may or may not exist in a slot, may be over one or two symbols, and there may also be SRS transmission over one or more symbols (SRS may also be FDM with short PUCCH), the number of slot symbols that a PUSCH transmission does not need to apply rate matching, or its functional equivalent number of symbols from the end of the slot that a PUSCH transmission may need to apply rate matching (depending on whether or not it overlaps in BW with the configuration of short PUCCH PRBs), should be indicated in the UL grant and/or in the DCI format transmitted by the UE-group common PDCCH. Avoiding rate matching when there are no short PUCCH (or SRS) transmissions also reduces any potential need for dynamic indication of PRBs when there are respective short PUCCH (or SRS) transmissions.
Proposal 2: UL grant or DCI format of UE-group common PDCCH indicates number of symbols that a PUSCH transmission may need to apply rate matching. 
Multiplexing short PUCCH and SRS
SRS can in general be transmitted over multiple symbols and therefore TDM of short PUCCH and SRS needs to be supported. 
If short PUCCH can only be placed at the last one or two slot symbols, meaning that it cannot be placed before SRS transmission, and if in symbols with short PUCCH transmissions the BW that is not occupied by short PUCCH is to be utilized, FDM of short PUCCH and SRS needs to also be supported. Otherwise, the BW not occupied by short PUCCH transmissions cannot be utilized for PUSCH transmissions when there are SRS transmissions in a slot because of the phase discontinuity introduced as the PUSCH transmission may need to stop in symbols with SRS transmission and resume in symbols with short PUCCH transmission.
FDM of short PUCCH and SRS can largely be a network implementation issue but some specification impact seems unavoidable. A first issue is that, assuming use of CAZAC sequences, SRS transmissions over a large BW that includes short PUCCH sub-bands cannot be supported while maintaining the single carrier property. As UEs with large SRS transmission BW are unlikely to be power limited, a CM increase may be tolerated and it can be up to the network to configure such SRS transmissions - there is no meaningful impact on UE complexity. 

A second issue is for SRS transmissions over sub-bands that do not include the short PUCCH sub-bands. In case SRS transmissions are without frequency hopping or are over multiple slot symbols and the hopping pattern is such that SRS sub-bands are not short PUCCH sub-bands in symbols with potential short PUCCH transmissions, FDM of SRS and short PUCCH can be supported by network implementation without other specification support. In case SRS hopping pattern alignment with short PUCCH sub-bands cannot be generally assumed possible, there are two options. 
The first option is to not transmit SRS in sub-bands that include BW for short PUCCH transmissions. The BW of short PUCCH sub-bands is not sounded but, as for the case of SRS transmissions with large BW, the unsounded BW is expected to be small and can be sounded on another symbol without short PUCCH transmissions. The second option is to treat short PUCCH sub-bands as SRS sub-bands and also apply to them the frequency hopping pattern of SRS sub-bands. This option has the problem that, unless SRS transmission is only in short PUCCH symbols, BW corresponding to short PUCCH sub-bands according to the frequency hopping pattern in symbols without short PUCCH transmissions cannot be used sounded and is wasted. This nullifies any BW utilization benefit of FDM between short PUCCH and SRS. Also, unless there is coordination of hopping patterns across the network, the interference experienced by short PUCCH transmissions may be more difficult to predict compared to the case of semi-statically allocated frequency resources. Further, FDM of PUSCH and short PUCCH may become more complicated or may require additional signaling particularly if short PUCCH symbols are not fixed to be one or two in all slots. 
Observation 1: There is no need for the BW configured for short PUCCH transmissions to frequency hop in time.

FDM of short PUCCH and SRS transmissions can be avoided without BW loss if short PUCCH symbols are placed, by network configuration, before SRS symbols in a slot. Then, BW in short PUCCH symbols that is not configured for short PUCCH transmissions can be used for PUSCH transmissions. This is a simpler approach than FDM of SRS and short PUCCH and a network should have the ability to configure.  
Proposal 3: NR supports either FDM of SRS and short PUCCH or placement of SRS symbols after short PUCCH symbols in a slot. In case of FDM, sub-bands configured for short PUCCH do not frequency hop per symbol and SRS is not transmitted in sub-bands configured for short PUCCH.
3 Conclusions

This contribution considered multiplexing of short PUCCH transmissions with PUSCH or SRS transmissions and proposes the following. 
Proposal 1: Higher layer signaling indicates frequency resources used for short PUCCH transmission. 
Proposal 2: UL grant or DCI format of UE-group common PDCCH indicates number of symbols that a PUSCH transmission may need to apply rate matching. 
Proposal 3: NR supports either FDM of SRS and short PUCCH or placement of SRS symbols after short PUCCH symbols in a slot. In case of FDM, sub-bands configured for short PUCCH do not frequency hop per symbol and SRS is not transmitted in sub-bands configured for short PUCCH.
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