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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
Multiplexing between data and UL control channel in short duration
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 should be defined as UL control reserved resource. UL control reserved resource is semi-statically configured and/or dynamically indicated by group common PDCCH [1, 2] and/or unicast PDCCH. Time/frequency resource not configured as UL reserved resource is used for data.
For UL data in long duration, time/frequency resource not used by UL data is semi-statically indicated similar to LTE SRS resource reservation and/or dynamically indicated by group common PDCCH [1, 2] and/or unicast PDCCH. Similar to DL-centric slot, such resource is defined as UL reserved resource. UL reserved resource is further split for time/frequency resource for short UL control, SRS, and grant-free UL transmission. Whether such total resource separation is required to know and, if required, how to indicate such separation is FFS.

Proposal 1: UL control reserved resource is defined.
Proposal 2: Within UL control reserved resource, UL control channel in short-duration, SRS, and grant-free UL transmission are sent.
Proposal 3: UL control reserved resource is semi-statically configured and/or dynamically indicated by group common PDCCH and/or unicast PDCCH.
Proposal 4: The time/frequency resource not configured as UL control reserved resource is used for DL/UL data.

Multiplexing approach for UCI and UL data
On multiplexing between UCI and UL data of the same UE, both UCI on PUSCH (UCI is piggy-backed) and simultaneous PUCCH/ PUSCH are agreed to support. For both options, PSD and data transmission width relation should be taken into account. Wider data transmission needs to be lower PSD as the total UE power is limited.
On UCI on PUSCH, assuming UL control channel is usually higher PSD than UL data channel, UCI is piggy-backed results in lower PSD transmission. To have same PSD in all channels is friendly for RF but this requires larger repetition of UCI for the reliability of UCI. Therefore, UCI mapping rules for PUSCH should be carefully designed. Similar to LTE, depending on PUSCH MCS, UCI repetition is also adjusted. Another point is mapping UCI close to RS can also reduce the repetition of UCI thanks to improved performance of UCI.
On simultaneous PUCCH and PUSCH, PSD difference was not so much discussed in LTE-A. According to pre-defined rule/mechanism on power control and resource allocation, PSD to be transmitted for PUCCH and PUSCH could be calculated. It is noted that there would be feasibility limitation on PSD difference between PUCCH and PUSCH according to the UE RF capability. Depending whether the PSD difference exceeds the limit or not, the PSD difference need to adjust equal to or smaller than the limit. 
One of simple mechanism would be to drop the symbol(s) of PUSCH, which collides symbol(s) of PUCCH in time, if PSD difference between PUSCH and PUCCH exceeds the limit. In case FDM between “short PUCCH and long PUSCH (slot-level PUSCH)”, the overlapped part should be based on puncturing. In case FDM between “short PUCCH and short PUSCH (mini-slot-level PUSCH)” and “long PUCCH and long PUSCH (slot-level-PUSCH), there would be the possibility that whole PUSCH transmission is dropped. In this case, gNB does not required to have blind detection but understand the problematic PSD difference situation easily. This helps to re-configure quickly piggy-based operation.
Another mechanism would be to change the resource utilization (e.g., to reduce the transmission bandwidth of PUSCH or to drop part of frequency resource of PUSCH) in order to alleviate PSD difference situation. In this mechanism, gNB may require to have blind detection but to drop PUSCH transmission completely is avoided. Such mechanism would be beneficial to support wider bandwidth operation without CA. In CA, the transmission can be dropped per CC. However, for wider band transmission, to drop smaller granularity (like 20MHz of each) is not possible. For such case, to change resource size allocation based on PSD difference (and also UE power shortage) is valid. In addition, to have some CB/TB mapping taking into account the frequency resource granularity of PUSCH resource change might be useful. For example, in OFDM, frequency first mapping would be used but mapping bandwidth could be limited to 100 MHz. Then, in case of 400MHz transmission, to drop 100 MHz granularity is still acceptable for certain code blocks rather than to drop whole 400MHz transmission because of PSD difference limitation (and also UE power shortage).

Proposal 5: PSD different between UL control channel and data channel should be taken into account when considering multiplexing of UCI and UL data.
Proposal 6: On simultaneous PUCCH and PUSCH transmission, following mechanisms should be considered.
· If PSD difference between PUSCH and PUCCH exceeds the limit (such as UE RF capability), the symbol(s) of PUSCH, which collides symbol(s) of PUCCH in time, is dropped.
· If PSD difference between PUSCH and PUCCH exceeds the limit (such as UE RF capability), resource usage of PUSCH is changed (reduce PUSCH frequency resource to increase PUSCH PSD). To have some CB/TB mapping taking into account the frequency resource granularity of PUSCH resource change is also considered.
Conclusion
In this contribution, we discussed UCI and data multiplexing for uplink control channel. We have following proposals:
Proposal 1: UL control reserved resource is defined.
Proposal 2: Within UL control reserved resource, UL control channel in short-duration, SRS, and grant-free UL transmission are sent.
Proposal 3: UL control reserved resource is semi-statically configured and/or dynamically indicated by group common PDCCH and/or unicast PDCCH.
Proposal 4: The time/frequency resource not configured as UL control reserved resource is used for DL/UL data.
Proposal 5: PSD different between UL control channel and data channel should be taken into account when considering multiplexing of UCI and UL data.
Proposal 6: On simultaneous PUCCH and PUSCH transmission, following mechanisms should be considered.
· If PSD difference between PUSCH and PUCCH exceeds the limit (such as UE RF capability), the symbol(s) of PUSCH, which collides symbol(s) of PUCCH in time, is dropped.
· If PSD difference between PUSCH and PUCCH exceeds the limit (such as UE RF capability), resource usage of PUSCH is changed (reduce PUSCH frequency resource to increase PUSCH PSD). To have some CB/TB mapping taking into account the frequency resource granularity of PUSCH resource change is also considered.
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