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1. Introduction

In RAN1#86bis, the following agreements were made related to the multiplexing between UL control and UL data and the UL control channel transmission structure for NR [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
Agreements:

· At least two ways of transmissions are supported for NR UL control channel

· UL control channel can be transmitted in short duration

· around the last transmitted UL symbol(s) of a slot

· FFS: How to define and treat the potential gap at the end of the slot

· FFS: in the other positions, e.g., the first UL symbol(s) of a slot

· TDMed and/or FDMed with UL data channel within a slot

· UL control channel can be transmitted in long duration

· over multiple UL symbols to improve coverage

· FDMed with UL data channel within a slot

· FFS how to multiplex with SRS
· The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth


In this contribution, we provide our view on design of multiplexing between UL control and UL data for NR. Hereafter, UL control channels transmitted in short and long duration are simply denoted as “S-PUCCH” and “L-PUCCH” respectively.
2. Multiplexing of UL control and UL data
As already shared in an email discussion [86b-22], the following options in Fig. 1 can be considered when the S-PUCCH is multiplexed with UL data. In terms of maximizing the UL resource utilization, the option (e.g., (c), (d)) which can provide the possibility of utilizing the unused resource for S-PUCCH transmission is more preferred.
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Fig. 1
Proposal #1: For multiplexing between S-PUCCH and UL data, the solution which can provide the possibility of utilizing the unused resource for S-PUCCH transmission is more preferred in terms of maximizing the UL resource utilization. 

Firstly, in case configured with S-PUCCH region, the following three options can be considered for the multiplexing of UL data transmission and the UL control region.
· Option 1: Semi-static configuration of UL control region
· Option 2: Dynamic indication of UL data ending symbol (or UL data rate-matching)
· Option 3: Dynamic indication of UL control region
To be specific, for Option 1, it can be defined that the UL data is always rate-matched around semi-statically configured UL control region regardless of whether the actual S-PUCCH transmission is existed in the UL control region (from the network perspective) or not. Therefore, this option might be able to result in the useless rate-matching of UL data. In Option 2, the UL data rate-matching can be achieved by non-overlapping between UL data and UL control region in the time domain. In other words, the ending symbol of UL data is indicated by DCI (e.g. UL grant) in order that the UL data is not overlapped with UL control region (e.g., (b) in Fig.1). Compared with Option 1, it seems beneficial that the UL control region can be utilized for UL data if the S-PUCCH transmission is not existed (or not occurred) in the UL control region. However, for Option 2, additional mechanisms to utilize (or schedule) the remaining resource which is FDMed with the UL control region for same time duration needs to be further investigated. For Option 3, the UL control region which is needs to be rate-matched is dynamically indicated by DCI (e.g. UL grant) based on the similar manner with ARI in the LTE system. Here, for example, the multiple candidates of UL control region can be preconfigured via higher layer signalling from eNB, and then one of the candidates can be indicated by DCI. This option may be preferable in terms of resource utilization while it may require DCI overhead for the indication of UL control region. 
Secondly, if the L-PUCCH is multiplexed with the UL data by FDM manner, it also needs to study whether to allow the overlapping between L-PUCCH and UL data (in the frequency domain), and if allowed, how to multiplex UL data transmission with UL control region.
Proposal #2: Consider efficient multiplexing method between UL data transmission and UL control region especially for case with S-PUCCH. 
3. UCI transmission on UL data channel
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 transmission on UL data channel not only in case with L-PUCCH but also in the case with S-PUCCH which is TDMed with UL data channel. 
In this case, some related aspects such as detailed mapping of UCI (i.e., selection of the REs used for the UCI among UL data resource) and determination of the UCI to be transmitted through UL data channel may need to be studied. To be specific, the UCI can be mapped in the adjacent to DM-RS symbol first as shown in the following Fig. 2. In addition, to achieve the frequency diversity gain for UCI transmission, distributed resource mapping in the frequency domain can be considered especially for the case configured with OFDM. And, different priority between UCI types (e.g. HARQ-ACK > CSI) may also need to be considered in the UCI mapping on UL data resource. In addition, it can be considered as a baseline that the UCI scheduled to be transmitted on the UL control channel in a slot is able to be transmitted on the UL data channel scheduled to be transmitted in the same slot. Other possibilities, for example, multiplexing between UCI and UL data in different slot, may need to be studied further, with consideration of UE capability in terms of, for example,  minimum HARQ feedback latency. 
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Fig. 2

Proposal #3: Support UCI transmission on UL data channel for NR with consideration of detail UCI mapping on UL data resources and determination of the UCI to be transmitted on UL data channel. 
4. Conclusion
In this contribution, we discussed and provided our view on design of multiplexing between UL control and UL data for NR, and the followings are proposed: 
Proposal #1: For multiplexing between S-PUCCH and UL data, the solution which can provide the possibility of utilizing the unused resource for S-PUCCH transmission is more preferred in terms of maximizing the UL resource utilization.
Proposal #2: Consider efficient multiplexing method between UL data transmission and UL control region especially for case with S-PUCCH.
Proposal #3: Support UCI transmission on UL data channel for NR with consideration of detail UCI mapping on UL data resources and determination of the UCI to be transmitted on UL data channel
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