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1. Introduction
At the RAN1#87 and RAN1#89 meetings, following agreements were made [1-2]:
	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:
· Confirm that UCI piggyback on PUSCH is supported for both DFT-s-OFDM waveform and CP-OFDM waveform.
· FFS: Whether common UCI piggyback rule for different waveforms.

Conclusions:
· Continue further study of UCI piggyback of following options:
· Opt.1: For all types of UCI, UL data is rate-matched.
· FFS: the case where UE missed the DL assignment.
· Opt.2: For all types of UCI, UL data is punctured.
· [bookmark: _Hlk484631786]Opt.3: At least for UCI other than HARQ-ACK, UL data is rate-matched, while for HARQ-ACK, UL data is punctured.
· FFS: handling of large HARQ-ACK payload


In this contribution, we show initial views on UCI on PUSCH.

2. UCI on PUSCH
The primary motivation to enable UCI on PUSCH in the LTE was to keep low PAPR by multiplexing UCI and UL-SCH onto the same channel before DFT-spreading. At the RAN1#89 meeting, it was confirmed that for NR, the UCI on PUSCH is supported not only for DFT-s-OFDM waveform but also for CP-OFDM waveform. This is because simultaneous PUCCH-PUSCH transmission may increase not only PAPR but also IMD, which would require large power back-off, resulting in coverage reduction.
For designing UCI on PUSCH, following aspects should be taken into account:
· Only for PUSCH with DFT-s-OFDM waveform, intra-slot frequency-hopping is enabled/disabled.
· Alt.1: intra-slot FH is enabled for the case when the scheduled TB includes only one CB.
· Data mapping order can be frequency-first regardless of whether intra-slot FH is applied.
· The gain of intra-slot FH is limited to the small TB size.
· Alt.2: in case of intra-slot FH, data symbols are mapped in time-first manner.
· Otherwise, data mapping order can be frequency-first.
· The gain of intra-slot FH is available regardless of the number of CBs per TB.
For Alt.1, single UCI mapping rule could be sufficient, while the gain of intra-slot FH is limited for a small data payload. For Alt.2, whether the UCI mapping rule/pattern could be common regardless of whether the data mapping is frequency-first or time-first needs to be investigated. Especially if the UCI is puncturing the data (e.g., HARQ-ACK), common mapping results in different impacts on decoding performance of CBs.
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(a) Time-first				(b) Frequency-first
Fig. 1.	Possible data mapping for PUSCH with/without intra-slot frequency-hopping.

· PUSCH starting position/duration may be highly flexible for certain use-cases.
· Alt.1: Starting position/duration of a PUSCH and a PUCCH for UCI piggyback is aligned.
· Alt.2: Support different starting position/duration of a PUSCH and a PUCCH for UCI piggyback.
· E.g., support UCI scheduled on a PUCCH at the middle/end of a PUSCH is piggybacked on the PUSCH.
It was agreed that NR supports PUSCH transmission with various starting position/duration. The necessity/feasibility of the above Alt.2 should be further investigated taking into account eMBB/URLLC multiplexing, carrier aggregation over carriers with different numerologies, etc.
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(a) Starting position/duration aligned	(b) Starting positions/durations not aligned
Fig. 2.	UCI on PUSCH.

Proposal 1:
· UCI on PUSCH is supported regardless of whether the UL data mapping is frequency-first or time-first for the PUSCH, and whether intra-slot frequency-hopping is applied for the PUSCH.
· Consider further the necessity/feasibility of different starting positions/durations of a PUCCH for a UCI and a PUSCH where the UCI is piggybacked on the PUSCH.

For UCI piggyback, there are two approaches; rate-matching the UL data and puncturing the UL data. If the HARQ-ACK multiplexing is rate-matching, gNB is required to blindly check whether the HARQ-ACK is actually multiplexed, by decoding data with two different rate-matching hypotheses, or the multiplexing of HARQ-ACK needs to be informed by the UL grant scheduling the PUSCH. If the HARQ-ACK multiplexing is puncturing, those costs are not necessary; on the other hand, puncturing is required to be designed such that decoding performance across CBs is almost the same. For example, if the UCI punctures the UL data in the symbol next to the DMRS, the decoding performance of the CB mapped on the symbol next to the DMRS degrades compared to other CBs. In order to avoid this, it is possible to determine UCI mapping pattern depending on whether the UL data mapping is frequency-first or time-first. For CQI/RI, as long as the UCI transmission is indicated by the UL grant scheduling the PUSCH or the UCI transmission is configured by higher-layer, it is possible to rate-match the UL-SCH. Therefore, following proposal can be made:
Proposal 2:
· At least for UCI other than HARQ-ACK, UL data is rate-matched, while for HARQ-ACK, UL data is punctured.
· For puncturing, UCI mapping takes into account whether the UL data mapping is frequency-first or time-first (if supported).

3. UCI re-direct to short-PUCCH which is TDMed with the PUSCH
Besides UCI piggyback on PUSCH, there is another way to handle UCI such that it does not increase PAPR or IMD; UCI re-direction to short-PUCCH which is TDMed with the PUSCH overlapped with the originally scheduled PUCCH. In this case, UCI mapping and the performance does not depend on PUSCH structure/resource allocation/waveform. Besides, transmit power can be fully available to the UCI transmission on the symbol. The impact of short-PUCCH transmission to the PUSCH is PUSCH shortening (i.e., rate-matching). Such PUSCH shortening is anyway necessary to enable SRS/short-PUCCH multiplexing in the same slot and can be realized by the starting position/duration indication included in the scheduling DCI [3]; the short-PUCCH delivering the UCI can be mapped at least on either beginning or end of the slot (FFS middle of the slot). Finally, UCI re-direct to short-PUCCH is realized irrespective of whether the PUSCH transmission starting position/duration, e.g., 1-symbol, 2-symbol, …, 13-symbol. Therefore, this simplifies the design of UCI transmission while easy to ensure the performance of both UCI and UL-SCH. We propose to support the UCI re-direct to short-PUCCH which is TDMed with the PUSCH. 
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Fig. 3.	UCI re-direct to short-PUCCH which is TDMed with the PUSCH.

Proposal 3:
· Support UCI re-direct to short-PUCCH which is TDMed with the PUSCH as an alternative to UCI piggyback on PUSCH.
· TDM between the short-PUCCH and PUSCH can be realized by using PUSCH starting position/duration indication field in the DCI.

4. Conclusion
In this contribution, we discussed UCI on PUSCH and proposed following:
Proposal 1:
· UCI on PUSCH is supported regardless of whether the UL data mapping is frequency-first or time-first for the PUSCH, and whether intra-slot frequency-hopping is applied for the PUSCH.
· Consider further the necessity/feasibility of different starting positions/durations of a PUCCH for a UCI and a PUSCH where the UCI is piggybacked on the PUSCH.
Proposal 2:
· At least for UCI other than HARQ-ACK, UL data is rate-matched, while for HARQ-ACK, UL data is punctured.
· For puncturing, UCI mapping takes into account whether the UL data mapping is frequency-first or time-first (if supported).
Proposal 3:
· Support UCI re-direct to short-PUCCH which is TDMed with the PUSCH as an alternative to UCI piggyback on PUSCH.
· TDM between the short-PUCCH and PUSCH can be realized by using PUSCH starting position/duration indication field in the DCI.
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