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1 Introduction

In last RAN1#86bis meeting, there was a discussion on UCI transmission and the following agreements were made [1]:
Agreements:

· 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

In LTE, if a UE has a valid scheduling grant in a subframe and UCI is to be transmitted in the subframe,  then the UCI can be multiplexed together with the UL-SCH data and transmitted on PUSCH. On the other hand, some of UCIs can also be scheduled to be transmitted on PUSCH without UL-SCH data. From the network perspective, UCI transmission on PUSCH facilitates more efficient resource utilization because PUCCH does not need to be allocated. Moreover, the single-carrier property of UL transmissions in LTE is preserved and coverage is maintained. In addition, more robust UCI transmission is possible in a way that the network controls the number of REs used for UCI transmission on PUSCH depending on a UE’s channel condition.
This document will discuss how to multiplex UCI and UL data when the UCIs are transmitted on UL data channel.
2 Discussion
As discussed in our companion document [2], LTE UCI can be a starting point for NR UCI discussion. UCI multiplexing in the PUSCH can benefit from DMRS overhead avoidance, better spectral efficiency and, for the DFT-S-OFDM waveform, from maintaining the single-carrier property and coverage. On top of the LTE UCI types, it is possible to consider additional UCI type to support hybrid beamforming architecture. So, NR UCI types that can be transmitted on PUSCH will include HARQ-ACK, CQI/PMI, RI, and hybrid beamforming related information (e.g., beam index and corresponding received signal of the beam). In this section, we discuss how to multiplex these UCIs with UL data.
UCI Transmission on PUSCH in LTE
In LTE, HARQ-ACK resources are mapped onto SC-FDMA symbols by puncturing the UL-SCH PUSCH and their locations are next to the RS (reference signal) as shown in Fig.1, so as to benefit from the best possible channel estimation. This is especially important at high Doppler frequencies where the channel may vary during a subframe. The RI resources are placed next to the HARQ-ACK symbol positions irrespective of whether HARQ-ACK is actually present in a given subframe. This mapping of the RI is motivated by the fact that the RI is required in order to correctly interpret the CQI/PMI.
The CQI/PMI, however, are mapped differently than the HARQ-ACK and RI. CQI/PMI resources are placed at the beginning of the UL-SCH data resources and they are mapped sequentially to all SC-FDMA symbols on a subcarrier before continuing on the next subcarrier (time first mapping). CQI/PMI reports in a PUSCH typically have large payloads and can consume significantly more resources than HARQ-ACK or RI, have lower mapping priority than HARQ-ACK and RI, and therefore a restriction for a number of symbols used to map CQI/PMI would be detrimental. 
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Figure 1: Multiplexing of UCIs with UL-SCH data in LTE 
UCI Transmission on PUSCH in NR
The LTE multiplexing rule can be considered as a starting point with consideration of new aspects to be supported in NR. For example, DMRS will be located at the beginning of the transmission slot as agreed in RAN1#85 [3] for latency reduction (also known as front-loaded DMRS). Taking into account front-loaded RS and applying the same mapping principles as LTE, UCI can be multiplexed with UL-SCH data as shown in Fig. 2(a). Here, HARQ-ACK and RI are mapped next to the DMRS to benefit from better channel estimation accuracy, and CQI/PMI and beam related information (BMI: beam measurement information) are mapped in a time-first manner. 
The multiplexing rule in Fig. 2(a) can be enhanced as shown in Fig. 2(b). The main difference from Fig. 2(a) is that CQI/PMI and BMI are mapped in a frequency first manner, similar to data. Alt.2 can provide less decoding latency of CQI/PMI and beam related information than Alt.1, and in a frequency selective channel, more frequency diversity can be achieved, especially when CP-OFDM is used for UL waveform. 

[image: image2.emf]: PUSCH data

DL Control Channel Region

1 Slot = 14 symbols

1 RE

: PUSCH reference signal

: HARQ ACK/NACK

: RI

: CQI/PMI

Gap

UL data region

UL Control Channel Region

: DL control channel

: UL control channel



 EMBED Visio.Drawing.15  [image: image3.emf]DL Control Channel Region

1 Slot = 14 symbols

1 RE

Gap

UL data region

UL Control Channel Region


(a) Alternative 1                                                                          (b) Alternative 2

Figure 2: Some examples of multiplexing of UCIs with UL-SCH data in NR
Proposal: Study the following two alternative for UCI mapping in an UL data channel in NR

· Same mapping as in LTE while accounting for the NR slot structure (front-loaded DMRS).

· Frequency-first mapping for all UCI types starting from slot symbol after DMRS starting with HARQ-ACK, then RI, and finally CSI/BMI. 

3 Conclusion
This contribution discusses multiplexing of UCIs with UL data when the UCIs are transmitted on UL data channel and the following is proposed:
Proposal: Study the following two alternative for UCI mapping in an UL data channel in NR

· Same mapping as in LTE while accounting for the NR slot structure (front-loaded DMRS).

· Frequency-first mapping for all UCI types starting from slot symbol after DMRS starting with HARQ-ACK, then RI, and finally CSI/BMI. 
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