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1. Introduction 
This contribution discusses transmission of uplink control information (UCI) via physical uplink shared channel (PUSCH), which is mainly used for the UEs to transmit UL traffic data. In LTE, when a UE happens to transmit PUSCH and physical uplink control channel (PUCCH) in the same subframe, UCI for the PUCCH is embedded onto the PUSCH and transmitted along with UL data, maintaining single carrier transmission in uplink [1]. In NR, OFDM is adopted in uplink and moreover, time domain multiplexing of UL data region and control region is supported as per the agreement in RAN1#86b. Therefore, transmission of NR UL data and control channels in the same slot can be supported as well. This contribution investigates needs and benefits to support piggybacking UCI onto UL physical shared channel, and proposes to adopt it in NR as well, considering benefits such as low latency, efficient utilization of resources and coverage enhancement. 
2. Embedding UCI onto UL shared channel
In LTE, PUCCH is transmitted on both edges of the UL transmission band with spanning the whole subframe duration. In cases a UE has to transmit UL data and UCI simultaneously in the same subframe, the UCI is piggybacked on PUSCH along with the UL data, and the UE transmits only the PUSCH with dropping the PUCCH supposed to carry the UCI. This enables avoiding multi-carrier transmission of PUSCH and PUCCH in the same subframe and leads to low PAPR and CM.
On the other hand, NR adopts OFDM in both uplink and downlink, which is based on transmission using multiple sub-carriers. For carrier frequency bands below 40 GHz, support of single carrier transmission is not considered crucial and thus simultaneous transmission of physical UL shared channel and control channel can be applied in most cases. However, to piggyback UCI on physical UL shared channel can provide benefits like low latency, low control channel overhead and minimization of dedicated resources, which are importantly considered in NR.
For instance, the network can configure UL control channel resources in a minimal number of slots in order to maximize resources to be usable for traffic data. In cases that UCI transmission is required from a UE and the UE happens to have UL data to transmit, indicating the UE to piggyback UCI on UL shared channel instead of waiting for a slot configured with UL control channel resource can reduce UCI feedback latency with allowing for configuring small amount of UL control channel resources. This also helps the network to manage the resources more flexibly to well support forward compatibility by minimizing dedicatedly configured resources. Another benefit of embedding UCI onto PUSCH is enhancement of UCI coverage. For cell edge UEs in a power limited situation, UL control channel coverage can be enhanced by configuring a sufficient repetition factor for the piggybacked UCI when being embedded into the PUSCH. It is noted that in case of using a single OFDM symbol for NR UL control channels in TDM as DL/UL data channels, the link budget for a NR UL control channel decreases by fourteen times, compared to LTE PUCCH which utilizes all the fourteen SC-FDMA symbols in a subframe when assuming 15 kHz subcarrier spacing, in cases without assuming any beamforming for the NR UL control channels, as evaluated in our companion contribution [3]. If MCS adaptation and dynamic scheduling of UCI feedback are to be supported by UL control channel with long duration as well, then to piggyback UCI on UL shared channel could be replaced by UL control channel with long duration.
UCI only UL shared channel without data can be considered as well. With the adoption of beamforming in NR, UCI for reporting beamforming related information (say BI) such as preferred beam direction, beam specific CSI, beam refinement information, etc., should be supported in NR. This will increase the number of UCI types and the total amount of UCI bits reported by UEs. Aperiodic CSI reporting can be applied in NR as in LTE and a set of UCI can be carried via UL shared channel without traffic data. As UL control channel has limitation in the supportable number of UCI bits and supportable combinations of UCI, UL shared channel can be utilized for the purpose instead.  UCI types such as HARQ-ACK, CSI, BI and any other useful control information can be considered to be carried via UL shared channel. 
In order to support piggybacking UCI onto UL shared channel, physical resource mapping, rate matching and signaling mechanism should be designed. Dynamic signaling of embedding a UCI onto UL shared channel results in an increase in DCI (downlink control information) overhead in accordance to the number of UCI types supported by this signaling mechanism. Trade-off between the overhead and the benefits should be well taken into account. Also, support of the UCI embedding can incur significant standardization efforts and time. In this regard, UCI types which are supported for the multiplexing with UL data on UL shared channel should be carefully decided. UL HARQ-ACK can take higher priority than other UCI types. Based on the discussions and observations above, we propose the following regarding the support of embedding UCI onto UL shared channel.
Proposal 1 (Embedding UCI onto UL shared channel)
· Embedding UCI onto UL shared channel is supported.

· UCI only UL shared channel without data.
· Supported UCI: HARQ-ACK, CSI, BI, and other useful control information.

· UCI with UL data on UL shared channel.
· Supported UCI: at least HARQ-ACK.
· Support of embedding other UCI types onto UL shared channel with data should also be considered. 

3. UCI embedding indication and rate matching
When UL HARQ-ACK is piggybacked onto UL shared channel in LTE, HARQ-ACK information is rate matched in accordance to a rate matching parameter configured by high layer signaling, and the coded HARQ-ACK symbols are placed on SC-FDMA symbols neighboring DMRS (demodulation reference signal). A similar mechanism can be applied to the UCI embedding in NR as well. Rate matching parameter for each of the UCI types can be configured by the network considering target performance requirement for the corresponding UCI type.  The number of repetitions of the embedded UCI symbols varies depending on the modulation and coding (MCS) applied to the UL data, as the transmit power changes in accordance to the MCS. 
For NR UL HARQ-ACK, the coded HARQ-ACK symbols can be mapped starting from the first OFDM symbol of UL shared channel in frequency first manner. This can provide robust channel estimation performance in case of front loaded DMRS structure for UL shared channel and reduce the latency between the HARQ-ACK feedback and the DL grant for a next HARQ transmission. Whether to embed the UL HARQ-ACK bits onto UL shared channel or carry on UL control channel can be explicitly indicated via DL control channel, e.g., DCI to schedule DL data transmission. In a slot where no UL control channel resource is configured or scheduled for HARQ-ACK feedback, the DL grant can indicate to the UE to send the HARQ-ACK feedback via UL shared channel. As the HARQ-ACK symbols are mapped from the begging of UL shared channel, DL scheduler should take into account the latency from the DL data reception to the UL HARQ-ACK feedback and provide sufficient time margin in accordance to the UE capability when scheduling the UL HARQ-ACK feedback on a UL shared channel. In cases that the UE is located on a cell edge and in a power limited situation for UL control channel, the embedded HARQ-ACK mapping can extend onto multiple OFDM symbols of the UL shared channel.
Proposal 2 (UCI mapping and rate matching)
· Rate matching (repetition) factor can be separately configured for each type of embedded UCIs.

· Embedded HARQ-ACK bits are mapped from the first OFDM symbol of UL shared channel in frequency first manner.

Proposal 3 (Indication of embedding UCI)
· HARQ-ACK: A DCI informs UE to embed HARQ-ACK onto UL shared channel sent in corresponding slot.

· UCI only UL shared channel for aperiodic reporting is supported and can be indicated via DCI.

4. Conclusion 

In this contribution, we discussed UCI transmission via UL shared channel.  We propose to support embedding UCI onto UL shared channel in NR in addition to using UL control channels for the purpose. It can provide benefits like minimization of dedicated UL control channel resource, low latency, UCI coverage enhancement and so on. gNB can indicate to the UE on which physical channel to carry the UCI. The specific proposals are as follows:
Proposal 1 (Embedding UCI onto UL shared channel)
· Embedding UCI onto UL shared channel is supported.

· UCI only UL shared channel without data.
· Supported UCI: HARQ-ACK, CSI, BI, and other useful control information.

· UCI with UL data on UL shared channel.
· Supported UCI: at least HARQ-ACK.
· Support of embedding other UCI types onto UL shared channel with data should also be considered. 

Proposal 2 (UCI mapping and rate matching)
· Rate matching (repetition) factor can be separately configured for each type of embedded UCIs.

· Embedded HARQ-ACK bits are mapped from the first OFDM symbol of UL shared channel in frequency first manner.

Proposal 3 (Indication of embedding UCI)
· HARQ-ACK: A DCI informs UE to embed HARQ-ACK onto UL shared channel sent in corresponding slot.

· UCI only UL shared channel for aperiodic reporting is supported and can be indicated via DCI.
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