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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Following agreements had been made on UCI and data multiplexing for uplink control channel.
Agreements: (RAN1#86bis)
· Study at least the following operations to be supported in NR, from a single UE perspective.
· Case 1: UL data and UCI are FDMed where the resource for UCI is not a part of the resource allocated for UL data.
· Case 2: UL data and UCI are TDMed where the resource for UCI is not a part of the resource allocated for UL data.
· Case 3: UL data and UCI are multiplexed where the resource for UCI is a part of the resource allocated for UL data.
· FFS: how different types of UCI are handled.
· Further study on other possibilities is not precluded.

Agreements: (RAN1#87)
· 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.

Agreements: (RAN1#87)
· 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: (RAN1#Jan. AH)
· For 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: (RAN1#Jan. AH)
· For PUCCH in long-duration,
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
This contribution further discusses UCI and data multiplexing for uplink control channel.
Discussion
How to transmit UL data in the UL control channel duration for a DL-centric slot
It was agreed that in DL-centric slot, PUCCH in short-duration and data can be FDMed by one UE if data is scheduled on the short UL-part. In this case mini-slot could be used. 
In addition, these symbols should be allowed to be used by SRS and grant-free UL transmission such as BSR, TCP initial request. The time/frequency resource for UL control channel in short-duration, SRS, and grant-free UL transmission is semi-statically configured or dynamically indicated by group common PDCCH [1, 2].
Proposal 1: For UL control channel in short-duration, FDM with SRS should be considered.
Proposal 2: For UL control channel in short-duration, FDM with BSR, TCP initial request via grant-free based mechanism should be considered.

How to transmit UL data in the UL control channel duration for an UL-centric slot or UL-only slot
For UL data in long duration, time/frequency resource not used by UL data is semi-statically indicated similar to LTE SRS resource reservation or dynamically indicated by group common PDCCH [1, 2]. In the time/frequency resource not used by UL data, short UL control channel, SRS, and UL data in short duration are transmitted. The time/frequency resource not used by UL data is further split for time/frequency resource for short UL control, SRS, and UL data in short duration. Whether such total resource separation is required to know and, if required, how to indicate such separation is FFS.
Proposal 3: For UL data in long duration, time/frequency resource not used by UL data is semi-statically reserved or dynamically indicated by group common PDCCH.

Multiplexing approach for UCI and UL data
[bookmark: _GoBack]On multiplexing between UCI and UL data of the same UE, both UCI on PUSCH (UCI is piggy-backed) and simultaneous PUCCH and PUSCH are agreed to support. For both options, wide data transmission is lower PSD should be taken into account. Assuming UL control channel is usually higher PSD than UL data channel, multiplexing UCI with wideband data transmission results in lower PSD transmission. This might cause large overhead for UCI transmission such as more repetition of UCI.
Proposal 4: PSD different between UL control channel and data channel should be taken into account when considering multiplexing of UCI and UL data.

On simultaneous PUCCH in long-duration and PUSCH transmission, simultaneous adjacent transmission similar to the waveform in LTE based D2D [3] was discussed. Uplink control channel is within the resource allocated for UL data. It might be beneficial to suppress PAPR/CM and MPR. However, simultaneous PUCCH and PUSCH are non-power limited usage and UCI on PUSCH could be used for similar scenario/purpose. Whether low PAPR design is essential for simultaneous PUCCH and PUSCH transmission case should be considered.
Conclusion
In this contribution, we discussed UCI and data multiplexing for uplink control channel. We have following proposals:
Proposal 1: For UL control channel in short-duration, FDM with SRS should be considered.
Proposal 2: For UL control channel in short-duration, FDM with BSR, TCP initial request via grant-free based mechanism should be considered.
Proposal 3: For UL data in long duration, time/frequency resource not used by UL data is semi-statically reserved or dynamically indicated by group common PDCCH.
Proposal 4: PSD different between UL control channel and data channel should be taken into account when considering multiplexing of UCI and UL data.
Reference
[1] R1-17xxxxx, “Discussion on group common PDCCH,” Panasonic, RAN1#88
[2] R1-1702301, “Discussion on resource allocation for uplink control channel,” Panasonic RAN1#88
[3] R1-1610114, “User Multiplexing of DFTs-OFDM and OFDM in uplink,” Qualcomm Incorporated, RAN1#86bis
4

2
3GPP
