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1. Introduction

In RAN1 #87 meetings [1], there was discussion on NR UL control channel design and UCI on UL data channel (denoted “NR-PUSCH” hereafter) was agreed as below.
	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.


In this contribution, we discuss consideration points of UCI piggyback on NR-PUSCH.
2. Discussion
For UCI piggyback on NR-PUSCH, detailed mapping for UCI (i.e., selection of the REs used for the UCI among UL data resource) may need to be considered. Similar to LTE system, UCI having high priority (e.g., HARQ-ACK) could be mapped in the adjacent symbol(s) of DM-RS symbol(s) to minimize performance degradation due to channel estimation error. For example, UCI can be mapped in the adjacent to DM-RS symbol first. In addition, support of diversity gain can also be considered for reliable UCI transmission. To be specific, frequency-domain distribution of UCI (e.g., frequency-first UCI mapping) can be adopted to achieve frequency diversity gain in case of CP-OFDM based NR-PUSCH. It should be noted that frequency-domain distribution of UCI is already provided by DFT spreading in case of DFT-s-OFDM based NR-PUSCH.

Proposal #1: Consider UCI mapping around PUSCH DM-RS symbol(s) for the UCI reliability in case of UCI piggyback on NR-PUSCH.
Proposal #2: Consider frequency-domain distribution of the UCI REs for frequency diversity in case of UCI piggyback on NR-PUSCH.
Considering that low latency is one of main feature of NR system, frequency-first resource mapping of UL data in NR-PUSCH may be supported to enable early decoding. In such a case, time-domain distribution of UCI can also be considered on top of frequency-domain distribution. For example, if UL data is mapped by frequency-first manner and UCI is only mapped in the adjacent to DM-RS symbol by puncturing allocated UL data resource, first-mapped code block for UL data can be significantly punctured by UCI mapping, and decoding for the code block can be failed with high probability. To alleviate this problem, time domain distribution (e.g., combining UCI and UL data before interleaving) can be adopted for UCI mapping on NR-PUSCH as depicted in Figure 1. Note that time-domain distribution can also be beneficial to mitigate impact from potential puncturing on the UCI due to abrupt URLLC data transmission.

Proposal #3: Consider time-domain distribution of the UCI REs to reduce UL data performance loss in case of UCI piggyback on NR-PUSCH.
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Figure 1: An example of UCI resource mapping on UL data channel
According to channel condition (e.g., high UE speed, high frequency band), additional UL RS such as additional DM-RS and/or PT-RS (phase tracking RS) can be used for NR-PUSCH transmission. Regarding this, it can be considered to apply different UCI mapping according to the configured UL RS pattern in NR-PUSCH. For example, if UCI can be mapped around both of existing DM-RS symbol(s) and additional UL RS (DM-RS or PT-RS) symbol(s).
Proposal #4: Consider UCI mapping on PUSCH in case with additional UL RS configuration.
Under NR system environments, it may be required to consider multi-beam operation based on analog (or hybrid) beamformed transmission and large power transient between UL data and control channel. In other words, it would be beneficial to differentiate eNB RX-beam direction between UL data channel and UL control channel with TDM for flexible scheduling, and it would be better to avoid potential performance loss due to large power transient between UL data and control channels as much as possible. In this sense, it may be necessary to consider UCI piggyback on UL data channel not only in case with long duration NR-PUCCH (i.e., UL control channel in NR) but also in the case with short duration NR-PUCCH which is TDMed with NR-PUSCH. In addition, for UCI piggyback for short duration PUCCH, conditional UCI piggyback on UL data channel can also be considered. For example, the piggyback operation can be conditionally allowed only when the processing time budget for UCI (e.g. according to the HARQ timing indicated by DL scheduling grant DCI) is sufficient even with piggybacking on the UL data channel which may start earlier in time.
Proposal #5: Consider UCI piggyback on NR-PUSCH for short duration NR-PUCCH.
3. Conclusion
In this contribution, we discussed consideration points of UCI piggyback on NR-PUSCH. The proposals of this contribution are summarized as follows.

Proposal #1: Consider UCI mapping around PUSCH DM-RS symbol(s) for the UCI reliability in case of UCI piggyback on NR-PUSCH.
Proposal #2: Consider frequency-domain distribution of the UCI REs for frequency diversity in case of UCI piggyback on NR-PUSCH.
Proposal #3: Consider time-domain distribution of the UCI REs to reduce UL data performance loss in case of UCI piggyback on NR-PUSCH.
Proposal #4: Consider UCI mapping on PUSCH in case with additional UL RS configuration.
Proposal #5: Consider UCI piggyback on NR-PUSCH for short duration NR-PUCCH.
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