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1. Introduction

In RAN1#87, RAN1#NR Ad-Hoc, and RAN1#88, the following agreements were made related with UL control channel for NR [1-3].

	Agreements:

· Physical uplink control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests
· Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data

· Support ‘simultaneous PUSCH and PUCCH at least for the long PUCCH format’, i.e. transmit uplink control on PUCCH resources even in presence of data

· At least a low PAPR/CM design should be supported for the ‘long PUCCH’

· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.

Agreements:
· Support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping

· FFS: PUSCH in the short UL duration can be scheduled independently
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
· FFS: Support of dynamic indication
· 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. 
Agreements:

· Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot


In this contribution, we provide our view on how to efficiently support the multiplexing between UL channels and signals for NR. Hereafter, UL control channels transmitted in short and long duration are simply denoted as “short UCI” and “long UCI” respectively.

2. Multiplexing between short UCI and UL data/SRS
For the case with resource overlapping between short UCI and UL data for a same UE within a slot, puncturing of UL data resource overlapped with the short UCI can be applied. Considering the possibility that the DCI indicating short UCI transmission is missed in the UE, the puncturing operation is more reasonable rather than the rate-matching operation. Depending on the waveform applied to UL data, different puncturing alternatives (i.e., RE/RB/symbol level puncturing) can be considered (e.g. RE/RB level puncturing for CP-OFDM, symbol level puncturing for DFT-s-OFDM). If RE/RB level puncturing is applied for UL data with DFT-s-OFDM, DFT size can be reduced according to the portion of punctured resource. In addition, conditional (short) UCI piggyback on UL data channel can also be considered. For example, the piggyback operation can be conditionally allowed only when the processing time budget for (short) UCI (e.g. according to the HARQ timing indicated by DL scheduling grant DCI) is sufficient even with piggybacking on the UL data channel which may start earlier in time. 
For the case with short UCI and UL data for different UEs within a slot, rate-matching of UL data resource around the short UCI can be applied. The rate-matching operation can be performed by symbol level or RB level (for example, in case when UL control subband or region is configured), and can be done based on semi-static configuration or dynamic indication. Specifically, in order to support the multiplexing of UL data transmission and UL control region configured for the short UCI transmission, following three options can be considered.
· Option 1: Semi-static configuration of UL control region
· Option 2: Dynamic indication of UL data ending symbol (or UL data rate-matching)
· Option 3: Dynamic indication of UL control region
For Option 1, it can be defined that the UL data is always rate-matched around semi-statically configured UL control region regardless of whether the actual short UCI transmission is existed in the UL control region (from the network perspective) or not. Therefore, this option might be able to result in the useless rate-matching of UL data. In Option 2, the UL data rate-matching can be achieved by non-overlapping between UL data and UL control region in the time domain. In other words, the ending symbol of UL data is indicated by DCI (e.g. UL grant) in order that the UL data is not overlapped with UL control region. Compared with Option 1, it seems beneficial that the UL control region can be utilized for UL data if the short UCI transmission is not existed (or not occurred) in the UL control region. However, for Option 2, additional mechanisms to utilize (or schedule) the remaining resource which is FDMed with the UL control region for same time duration needs to be further investigated. For Option 3, the UL control region which needs to be rate-matched is dynamically indicated by DCI (e.g. UL grant) based on the similar manner with ARI in the LTE system. Here, for example, the multiple candidates of UL control region can be preconfigured via higher layer signalling from eNB, and then one of the candidates can be indicated by DCI. This option may be preferable in terms of resource utilization while it may require DCI overhead for the indication of UL control region. 

Proposal #1: For the case with resource overlapping between short UCI and UL data for a same UE within a slot, puncturing of the UL data resource overlapped with the short UCI or (conditional (short) UCI piggyback on UL data channel) can be applied. For the case with short UCI and UL data for different UEs within a slot, rate-matching of UL data resource around the short UCI (by symbol or RB level) can be applied. 
For short UCI and SRS, basically, multiplexing between short UCI and SRS within a same slot is to be supported for efficient UL resource utilization, and further study may be necessary on which multiplexing scheme (e.g. FDM) is used for short UCI and SRS. For example, for 2-symbol NR-PUCCH, if DMRS and UCI are TDMed, DMRS symbol and SRS can be multiplexed within the same symbol with FDM manner (e.g., by using different subcarrier).

On the other hand, for the case with resource overlapping between short UCI and SRS for a same UE within a slot, dropping of SRS (with lower priority than UCI) can be considered. For the case with short UCI and SRS for different UEs within a slot, the resource overlapping can be avoided by gNB scheduling.
Porposal#2: Multiplexing between short UCI and SRS within a same slot is to be supported for efficient UL resource utilization. For the case with resource overlapping between short UCI and SRS for a same UE within a slot, dropping of SRS can be considered. For the case with short UCI and SRS for different UEs within a slot, the resource overlapping can be avoided by gNB scheduling.
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Figure 1: An example of multiplexing between short UCI and UL data/SRS in a slot
Considering various UL channel/signal combinations including the above cases, it may be necessary to devise a principle to handle the collision between those UL channels and signals. One potential approach of prioritization rule is that the channels/signals able to be multiplexed with multiple UEs (e.g., NR-PUCCH) are prioritized over others, and then short duration channels/signals are prioritized over long duration channels/signals. For example, if long duration NR-PUSCH and short duration NR-PUCCH are collided within a slot as in the above case, short duration NR-PUCCH can be prioritized over long duration NR-PUSCH by puncturing the NR-PUSCH resource over NR-PUCCH. Note that the collision handling (e.g., as proposed in this Section 2) can be also applied for the power limitation case even without resource collision in frequency domain with similar manner.

3. Multiplexing between long UCI and UL data/SRS

For the case with both long UCI and UL data for a same UE within a slot, the multiplexing method between long UCI and UL data can be determined based on the waveform used for UL data. If DFT-s-OFDM is applied for UL data, (long) UCI piggyback on UL data channel can be considered as baseline, and simultaneous transmission of long UCI and UL data can be considered as UE capability and can be configurable by gNB as in LTE. On the other hand, CP-OFDM is applied for UL data, simultaneous long UCI and UL data transmission can be considered as a default UE behaviour, and (long) UCI piggyback on UL data channel can be configurable by gNB.
For the case with resource overlapping between long UCI and SRS for a same UE within a slot, the symbol level rate-matching of long UCI (e.g. like shortened PUCCH format in LTE) or dropping of SRS can be considered.
Proposal #3: For the case with both long UCI and UL data for a same UE, different default UE behaviour (between UCI piggyback on UL data and simultaneous UCI/UL data transmission) can be considered according to the waveform applied for UL data.
Proposal #4: For the case with resource overlapping between long UCI and SRS for a same UE, symbol level rate-matching of long UCI or dropping of SRS can be considered. 
Besides, in order to support different UE coverage and different type/size of UCI in a same slot for UL resource utilization efficiency, multiple NR-PUCCH formats with different symbol duration (e.g. short NR-PUCCH and long NR-PUCCH) can be configured in a same slot. Furthermore, considering that suitable NR-PUCCH format can rely on UCI payload size, it is to be supported that short duration and long duration NR-PUCCH formats are configured within a same slot for a same UE. 
Proposal #5: It can be considered to configure both short and long duration NR-PUCCH formats within a same slot for a same UE for efficient resource utilization in NR.
4. Conclusion
In this contribution, we discussed and provided our view on the multiplexing between UL channels and signals for NR, and the followings are proposed: 
Proposal #1: For the case with resource overlapping between short UCI and UL data for a same UE within a slot, puncturing of the UL data resource overlapped with the short UCI or (conditional (short) UCI piggyback on UL data channel) can be applied. For the case with short UCI and UL data for different UEs within a slot, rate-matching of UL data resource around the short UCI (by symbol or RB level) can be applied. 
Porposal#2: Multiplexing between short UCI and SRS within a same slot is to be supported for efficient UL resource utilization. For the case with resource overlapping between short UCI and SRS for a same UE within a slot, dropping of SRS can be considered. For the case with short UCI and SRS for different UEs within a slot, the resource overlapping can be avoided by gNB scheduling.
Proposal #3: For the case with both long UCI and UL data for a same UE, different default UE behaviour (between UCI piggyback on UL data and simultaneous UCI/UL data transmission) can be considered according to the waveform applied for UL data.
Proposal #4: For the case with resource overlapping between long UCI and SRS for a same UE, symbol level rate-matching of long UCI or dropping of SRS can be considered. 
Proposal #5: It can be considered to configure both short and long duration NR-PUCCH formats within a same slot for a same UE for efficient resource utilization in NR.
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