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1 Introduction
In RAN1#87, RAN1 agreements related to multiplexing of short UCI and UL data are copied below:
Agreements:
· Support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping
· FFS: PUSCH in the short UL duration can be scheduled independently
In this contribution, we further discuss the multiplexing of short UCI and UL data.
2 Multiplexing between short UCI and UL data within a UE 
In LTE Rel-8, UCI will be transmitted in PUSCH to avoid the increase of PAPR. In LTE Rel-10, simultaneous transmission of PUCCH and PUSCH is supported for CA UEs. 
Generally, comparing to uplink share channel, UCI transmitted on uplink control channel can achieve better detection performance and higher efficiency, since:

· The main design targets of uplink control channel structure are good detection performance and high multiplexing efficiency.
· Accurate power control for UCI can be expected, since the transmit power for one channel is accumulated.

· No coding rate loss for UL data.
In NR, dynamic DL HARQ timing and UL grant timing are supported. If UCI is transmitted on uplink share channel when a share channel is scheduled in the same subframe, the following problems may exist: 
· The loss of system efficiency
Once UCIs piggyback on share channel, excess resource may be assigned to share channel, since:

· The resource allocation granularity for share channel is RB.
· The gNB may not know the accurate HARQ-ACK payload in the time when UL grant is transmitted, as shown in Figure 1.
Furthermore, the multi-user multiplexing capacity of share channel is lower than control channel in general. Therefore, UCI transmitted on share channel may lead to system efficiency loss.
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Figure 1: Multiple DL grants are transmitted after the UL grant
· The waste of uplink control channel resources.
In NR, the resource sharing between uplink control channel and share channel or between multiple UEs will be much more difficult when dynamic DL HARQ timing and dynamic UL grant timing are used. As shown in Figure 2, a control resource in slot 3 is indicated (implicitly or explicitly) to transmit HARQ-ACK corresponding to the DL grant in slot 0 for UE A. The gNB reserves the resource for UE A, although the HARQ-ACK is transmitted on a quickly scheduled uplink share channel in slot 3.
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Figure 2: UL control channel resource waste

· The collision of uplink control resources. As shown in Figure 3, the HARQ-ACK for UE A is expected to be received on uplink share channel. However, since the UL grant missing, the uplink control resource which is assigned to UE B is also used by UE A.
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Figure 3: The collision of uplink control channels
If HARQ-ACK is always transmitted on uplink control channel resource(s), the above problems can be avoided. 
Since the higher PAPR, using separated channel to transmit HARQ-ACK configured with long control format may lead additional limitation on UL data transmission for power-limited UEs. However, for HARQ-ACK configured with short control format, separated control channel used for HARQ-ACK transmission is recommendatory. For power-limited UE, the transmit power for the uplink share channel on the symbol(s) which is used for short uplink control channel transmission can be scaled or punctured.
Proposal 1: The HARQ-ACK configured with short control format is always transmitted on uplink control channel.
3 Multiplexing between short UCI and UL data between UEs

The following two options can be considered for multiplexing between short uplink control channel and UL data between UEs:
· Option 1: gNB can dynamically indicate the number of symbols used to transmit uplink share channel.

As shown in Figure 4, the number of symbols used to transmit uplink share channel for one UE may be different in different slots. For this option, good system efficiency can be expected. 

[image: image4.emf]DL UL

UL share channel

Slot 0 Slot 1

UL control channel

UL share channel

UL share 

channel

Slot 2


Figure 4: Option 1
· Option 2: gNB indicates the resources reserved for short uplink control channel. The reserved REs in PRBs allocated for uplink share channel transmission will be punctured.
As shown in Figure 5, for UE A, the reserved REs are punctured for uplink share channel no matter whether the REs are used to transmit short uplink control channel. 
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Figure 5: Option 2
· Option 3: Shortened uplink share channel is semi-statically configured.
As shown in Figure 6, shortened uplink share channel is configured for UE A, and long uplink share channel is configured for UE B. UE B can be scheduled on the PRBs without shortened uplink control channel. Shortened uplink share channel is always used by UE A in each scheduled slot. 

[image: image6.emf]DL UL

Slot 0

UL control channel

UL share channel for UE 

A

UL share channel for UE B

Slot 1

UL share channel for UE 

A

Slot 2

UL share channel for UE 

A

UL share channel for UE B


Figure 6: Option 3
Considering the better system efficiency, we propose option 1 is used to support multiplexing between short UCI and UL data between UEs.
Proposal 2: gNB can dynamically indicate the number of symbols used to transmit uplink share channel.
4 Conclusions
In this contribution, we show our views on the multiplexing of UCI and UL data with following proposal:
Proposal 1: The HARQ-ACK configured with short control format is always transmitted on uplink control channel.
Proposal 2: gNB can dynamically indicate the number of symbols used to transmit uplink share channel.
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