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1. Introduction
In this contribution, we discuss UCI transmission with and without uplink data. Detailed PUCCH design aspects are discussed in our companion papers [1] - [3]. Design principles of control channels for dynamic TDD is presented in [4].

2. UCI transmission without uplink data
2.1. UCI in short-duration
PUCCH in short-duration spans one or a few OFDM symbols within a slot. As for its position, the end of a slot was agreed, while other places are FFS. PUCCH in short-duration placed at the end of a slot is useful for a slot having short UL part (i.e., DL-centric slot). Note that the coverage of PUCCH is dimensioned by its transmission duration. Therefore, PUCCH in short-duration in general has a limited coverage. Detailed analysis is presented in [1].
Even for a slot having long UL part (i.e., UL-only slot or UL-centric slot), it is possible to transmit UCI using PUCCH in short-duration. Unlike DL-centric slot, there are multiple possible positions of PUCCH in short-duration in the UL part of a slot. However, for dynamic TDD, PUCCH in short-duration at the end of long UL part of a slot is still useful. It guarantees no cross-link interference on PUCCH in short-duration at a slot whose transmission direction is dynamically determined. No cross-link interference on PUCCH makes PUCCH detection to relatively be easier. Note that PUCCH in long-duration can still be considered for UL part of a slot in case of dynamic TDD. This will be discussed in section 2.2. For non-dynamic TDD, PUCCH in short-duration at the end of long UL part of a slot is still useful. Considering better pipeline processing, DMRS for the PUSCH should be placed at the beginning of a UL part of a slot. If a PUCCH in short-duration is placed at the beginning of a UL part of a slot, depending on whether there is a transmission of PUCCH in short-duration from the same UE or different UE, DMRS position/design may be impacted. Unless RAN1 finds critical problem, PUCCH in short-duration at the end of a UL part of a slot is sufficient.
For LTE, PUCCH and PUSCH are FDMed in PRB-level and therefore, the eNB scheduler can handle the multiplexing well in an efficient manner; UL grant(s) can indicate scheduled PRB(s) of PUSCH(s) so that it does not collide with PUCCH(s) multiplexed in the same subframe. As long as LTE-like scheduling mechanism (i.e., UL grant schedules data with PRB-level granularity in frequency-domain and with slot-level granularity in time-domain) is applied, dynamic resource sharing between PUCCH and PUSCH would not be simple. Semi-static resource reservation for PUCCH in short-duration at the end of a slot, no matter whether there is an actual transmission of PUCCH in short-duration makes spectral efficiency being worse. One possibility is to indicate by L1 signalling whether the PUCCH resource region is available for PUSCH transmission. If the control signalling overhead for the indication will be an issue, reduction of frequency-domain resource granularity can be considered. 
Proposal 1:
· PUCCH in short-duration is enabled on slots having UL part.
· PUCCH in short-duration is mapped at the end of a UL part of a slot.
· For efficient multiplexing b/w PUCCH in short-duration and UL data, consider to have an indication of UL data length in the UL grant scheduling the UL data.

2.2. UCI in long-duration
UCI in long-duration is transmitted on long UL part of a slot (i.e., UL-only slot or UL-centric slot). PUCCH in long-duration can support can support a wide range of coverage, like LTE-PUCCH. Assuming the same carrier frequency and same antenna setting, they can achieve comparable performance.
Maximum duration of PUCCH in long-duration is limited by the duration of UL part in the slot (see Fig. 1). Therefore, the UE transmitting PUCCH in long-duration needs to know the duration of UL part in the slot or the form of the PUCCH. For non-dynamic TDD, this is known by UE in semis-static manner. For dynamic TDD, either slot type or PUCCH duration needs to be informed to the UE in dynamic manner. 
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Fig. 1	PUCCH in long-duration in various UL parts of a slot.
Note that PUCCH in long-duration may still be usable in a slot whose transmission direction is dynamically determined in dynamic TDD. One approach to mitigate cross-link interference is to FDM between DL data from a TRP and PUCCH in long-duration from another TRP (see Fig. 2 (b), where Fig. 2 (a) is the case using PUCCH in short-duration for dynamic TDD for reference). In general, the number of PRBs in a carrier is much larger than the number of symbols per slot. Therefore, FDM may offer some benefits.
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(a) TDM					(b) FDM
Fig. 2.	Cross-link interference mitigation on UL control channel.
Proposal 2:
· PUCCH in long-duration is enabled in a slot having long UL part (including UL-only/UL-centric slot).
· FFS design(s) of PUCCH in long-duration for UL-only slot and UL-centric slot.
· FFS whether/how to switch PUCCH in short-duration and PUCCH in long-duration in dynamic manner.
· If the PUCCH in long-duration can be used for dynamic TDD, mechanisms that UE can determine/know the PUCCH duration would be necessary.

3. UCI transmission with uplink data
3.1. UCI in short-duration
When there are both UCI and data to transmit, two approaches are applicable: (1) simultaneous PUCCH-PUSCH transmission and (2) UCI piggyback on PUSCH.
Simultaneous PUCCH-PUSCH transmission
It was agreed to support FDM between short UCI and data for a given UE and for different UEs. FDM between short UCI and data for a given UE is equivalent to simultaneous PUCCH-PUSCH transmission. This could be applicable to UL part of a DL-centric slot (see Fig. 3 (a)). The uplink data in the short-duration should be scheduled by an UL grant. The UE scheduled to transmit uplink data in a slot needs to know whether the scheduled data shall be transmitted over a long-duration, or over a short-duration. This indication can be done either by L1 signaling or by semi-static signaling. The semi-static signaling should be available by default for any cases, while dynamic signaling is necessary for dynamic TDD. Furthermore, the dynamic signaling can be either UE-common (e.g., PCFICH-like signal) or UE-specific (e.g., explicit field in the UL grant). UE-common signal/channel could reduce the signaling overhead if it is monitored by as many UEs as possible. However, in the scenarios where dynamic TDD is highly effective, the number of UEs scheduled in the same slot would not be large. Therefore, including the indication in the UE-specific DCI may be sufficient.
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Fig. 3.	Uplink data in short-duration of UL part in a DL-centric slot.
For UL-centric or UL-only slot, same way as for DL-centric slot is applicable. The uplink data in the short-duration can be either (1) part of the uplink data in the long UL part, or (2) independent uplink data from the uplink data in the long UL part. For (1), UE needs to know the duration of uplink data transmission in the slot, while for (2), UE may receive more than one UL grants for the slot. (2) is available by using mini-slot mechanism. Without mini-slot mechanism, (1) should be available.
UCI piggyback on PUSCH
Another way of transmitting UCI in short-duration and data is to piggyback UCI on PUSCH. This is beneficial to keep the low PAPR property if the transmission is DFT-s-OFDM waveform based. Therefore, support of UCI on PUSCH for the short-duration should follow whether the waveform of PUCCH/PUSCH in the short-duration is DFT-s-OFDM or OFDM. The UCI mapping should take into account RS design and data code-block mapping of PUSCH.
Proposal 3:
· Both simultaneous PUCCH-PUSCH and UCI on PUSCH should be supported for UCI in short-duration.
· If/when UCI is transmitted in short-duration together with uplink data,
· They should be able to be FDMed irrespective of their waveform.
· They should be able to be multiplexed on one PUSCH if its waveform is DFT-s-OFDM.
· For a slot having long UL-part (UL-centric/UL-only slot),
· UL data spanning the whole UL-part of the slot is supported without mini-slot mechanism.
· Both simultaneous PUCCH-PUSCH and UCI on PUSCH can be considered.
· UL data spanning only within the short-duration for UCI can be supported by mini-slot mechanism.
· Both simultaneous PUCCH-PUSCH and UCI on PUSCH can be considered.

3.2. UCI in long-duration
Simultaneous PUCCH-PUSCH transmission
It was agreed to support simultaneous PUCCH-PUSCH transmission for the case where PUCCH is in long-duration. The UCI transmission procedures defined in LTE were mostly reused.
UCI piggyback on PUSCH
For NR, both DFT-s-OFDM waveform and CP-OFDM waveform are supported. UCI on PUSCH should be enabled when the uplink data transmission is DFT-s-OFDM waveform. 
Proposal 4:
· Both simultaneous PUCCH-PUSCH and UCI on PUSCH should be supported for UCI in long-duration.
· If/when UCI is transmitted in long-duration together with uplink data,
· They should be able to be FDMed.
· They should be able to be multiplexed on one PUSCH if its waveform is DFT-s-OFDM.

4. Conclusion
In this contribution, we presented our views on UCI feedback mechanisms using PUCCH in short-duration and PUCCH in long-duration, and proposed following.
Proposal 1:
· PUCCH in short-duration is enabled on slots having UL part.
· PUCCH in short-duration is mapped at the end of a UL part of a slot.
· For efficient multiplexing b/w PUCCH in short-duration and UL data, consider to have an indication of UL data length in the UL grant scheduling the UL data.
Proposal 2:
· PUCCH in long-duration is enabled in a slot having long UL part (including UL-only/UL-centric slot).
· FFS design(s) of PUCCH in long-duration for UL-only slot and UL-centric slot.
· FFS whether/how to switch PUCCH in short-duration and PUCCH in long-duration in dynamic manner.
· If the PUCCH in long-duration can be used for dynamic TDD, mechanisms that UE can determine/know the PUCCH duration would be necessary.
Proposal 3:
· Both simultaneous PUCCH-PUSCH and UCI on PUSCH should be supported for UCI in short-duration.
· If/when UCI is transmitted in short-duration together with uplink data,
· They should be able to be FDMed irrespective of their waveform.
· They should be able to be multiplexed on one PUSCH if its waveform is DFT-s-OFDM.
· For a slot having long UL-part (UL-centric/UL-only slot),
· UL data spanning the whole UL-part of the slot is supported without mini-slot mechanism.
· Both simultaneous PUCCH-PUSCH and UCI on PUSCH can be considered.
· UL data spanning only within the short-duration for UCI can be supported by mini-slot mechanism.
· Both simultaneous PUCCH-PUSCH and UCI on PUSCH can be considered.
Proposal 4:
· Both simultaneous PUCCH-PUSCH and UCI on PUSCH should be supported for UCI in long-duration.
· If/when UCI is transmitted in long-duration together with uplink data,
· They should be able to be FDMed.
· They should be able to be multiplexed on one PUSCH if its waveform is DFT-s-OFDM.
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