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1 Introduction

This contribution is a revised version from R1-1715491. 
DL multiplexing of eMBB and URLLC has been well discussed previously. However, UL multiplexing has not been discussed. 
In RAN plenary meeting #78, the scope of RAN1 for NR High-Reliability URLLC was extensively discussed and the following agreement was achieved [1]:
· Proposed scope in RAN1:

· Specify, CQI table and MCS table design targeting high reliability

· Based on the following identified need from RAN1 (RAN1 #90bis)

· Agreement:
· N separate CQI table(s) are supported for URLLC
· Downselect the value of N between 1 or 2
· Two target BLER are supported for URLLC
· Note: RRC signalling is used by gNB to select one of the two target BLER
· Note: The configuration of target BLER or CQI table is part of CSI report setting
· Study and specify if gains are identified

· Define a new DCI format(s) that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data

· For a given carrier, PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space

· Handle UL multiplexing of transmission with different reliability requirements (including the potential need for UL UE pre-emption) 

This contribution discusses the details on UL multiplexing of eMBB and URLLC. The scenarios of Inter-/Intra-UE multiplexing of eMBB and URLLC for UL are considered respectively. 
2 Inter-UE multiplexing for uplink
This section discusses the UL pre-emption indication of time and/or frequency resources for inter-UE multiplexing. 
2.1 UL Pre-emption indicator
For DL multiplexing of eMBB and URLLC traffic, the pre-emption indication method was agreed by RAN1, in which some frequency resource within the eMBB frequency region can be possibly used for URLLC traffic. To avoid soft buffer pollution, it is highly desirable to include some kind of preemption indicator to let the eMBB UE know which part of the resource has been punctured by a transmission of URLLC data. In this way, the eMBB UE will not use the signal in a resource indicated as used by URLLC data for its own data decoding.
Similarly to the DL, grant-based URLLC traffic may also be multiplexed with ongoing eMBB traffic in the UL. If a UE requests a grant for an UL URLLC transmission which arrives at a time after some eMBB traffic is already scheduled, it may be beneficial for the UE to transmit URLLC data using the resources allocated to the eMBB traffic for other UEs. This is an UL pre-emption indicator (PI) based method for UL multiplexing. After receiving this UL PI, the eMBB UE will stop its eMBB data transmission for the punctured resource.
Proposal 1: Pre-emption based dynamic multiplexing between eMBB and URLLC should be considered in the uplink.
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Fig. 1 UL pre-emption indicator
Fig.1 gives an example of an UL pre-emption indicator. The main procedure for UL pre-emption indication is as follows:

· When a UE has UL URLLC data, it sends a URLLC scheduling request (SR) to the eNB by a dedicated channel. 
· The eNB generates the UL pre-emption indicator signal which is sent to the eMBB UE using a DL control channel.
· The UL pre-emption indicator signal includes the resource and time information pre-empted for URLLC transmission. This signal enables eMBB UEs to stop any ongoing transmission in the pre-empted UL resource.
· The related eMBB UEs will not transmit their UL data in the pre-empted resource. 
Since the eMBB UE should stop its transmission for the related punctured resource. The UL PI needs to be sent out in a timely way. Considering the uncertain of URLLC traffic, it is possible that the PI is transmitted after the URLLC data if the PI monitoring period is large, such as 1 slot period.  If so, the eMBB UE cannot timely stop its eMBB transmission, which will result in the collision of URLLC traffic and eMBB traffic. The pre-emption indication for UL can be configured to be transmitted at non-slot level. Note that it has been agreed to support the PDCCH monitoring periodicity of less than 14 symbols in RAN1 (i.e. sub-slot monitoring of PDCCH) [2]. Hence, the non-slot level monitoring period for UL PI should be supported. 
Proposal 2:  The monitoring periodicity of UL pre-emption should be less than a slot. 

2.2 Reliability of UL preemption indicator

For the UL pre-emption method, a UE will not stop its eMBB transmission if the UL pre-emption indicator signal cannot be correctly decoded. This could result in failure of the eNB decoding of the URLLC data. Therefore, high reliability of the UL preemption indicator signal should be required. Methods to assure high reliability transmission for UL pre-emption should be further studied.
Proposal 3: RAN1 should study high reliability transmission for the UL pre-emption indicator.

2.3 Signaling for monitor pre-emption indicator
Since both preemption indicators for both DL and UL are designed for the UE, the UE has to blindly decode pre-emption indicator information for both DL and UL so as to fully capture the preempted resource information. It may result in larger number of blind decodings by the UE. Hence, the signaling design to let the UE monitor the pre-emption indicator signal should be considered in order to reduce the number of blind decodings. Furthermore, the gNB should be able to configure the UE to enable monitoring of pre-emption indicators separately for DL and UL.
Proposal 4: The signaling to enable UE monitoring of pre-emption indicators separately for DL and UL should be further studied.

3 Intra-UE data multiplexing for uplink
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Fig. 2 Grant-based switching and UE-autonomous switching for intra-UE data multiplexing
Intra-UE multiplexing of eMBB and URLLC data in a slot needs to be considered in the case that URLLC traffic occurs after the gNB schedules eMBB traffic for the same UE. As shown in Fig .2, the following two approaches can be considered for such intra-UE multiplexing,
(1) Grant-based switching: 
Grant-based transmission of URLLC traffic can be scheduled to a UE during ongoing eMBB transmission. The normal SR-based scheduling procedure can be reused. The UE can switch the transmission from eMBB to URLLC just by following the latest grant. One disadvantage could be that the network always need to configure frequent DL/UL switch in TDD to enable the timely transmission of PDCCH.
Grant-based switching enables to allocate different resources for URLLC from the previous allocation. In the case that those different resources have been already allocated to other UEs, pre-emption indication can be used for other UEs.
(2) UE-autonomous switching:
In this approach, UE can start to transmit a new TB of URLLC traffic during a grant based transmission. In addition to the resource granted by a PDCCH for eMBB, a pre-allocated grant-free resource could also be used by the TB of URLLC data, if configured. By allowing UE-autonomous switching from a transmission of eMBB to a transmission of URLLC, the network may not need to always configure a short PDCCH monitoring interval for eMBB for the purpose of transmission of urgent PDCCH for URLLC. 
Observation: For intra-UE multiplexing, grant-based eMBB/URLLC switching has minimum impact on specification, but may mandate frequent UL/DL switching in TDD to enable the timely transmission of PDCCH. On the other hand, UE-autonomous eMBB/URLLC switching may reduce the necessity for configuring a short PDCCH monitoring interval.
Proposal 5: NR supports both grant-based switching and UE-autonomous switching for intra-UE multiplexing of URLLC and eMBB:
· With/without a new grant, UE can start to transmit a new TB of URLLC traffic during a grant based transmission. 
· The network can enable a UE to autonomously transmit a new TB of URLLC traffic during a grant based transmission.
4 Conclusions
In this contribution we discussed dynamic multiplexing of eMBB and URLLC for UL. According to the above discussions, we have the following proposals:
Proposal 1: Pre-emption based dynamic multiplexing between eMBB and URLLC should be considered in the uplink.
Proposal 2:  The monitoring periodicity of UL pre-emption should be less than a slot. 

Proposal 3: RAN1 should study the high reliability transmission for the UL pre-emption indicator.

Proposal 4: The signaling design to enable UE monitoring of pre-emption indicators separately for DL and UL should be further studied.
Observation: For intra-UE multiplexing, grant-based eMBB/URLLC switching has minimum impact on specification, but may mandate frequent UL/DL switching in TDD to enable the timely transmission of PDCCH. On the other hand, UE-autonomous eMBB/URLLC switching may reduce the necessity for configuring a short PDCCH monitoring interval.

Proposal 5: NR supports both grant-based switching and UE-autonomous switching for intra-UE multiplexing of URLLC and eMBB:
· With/without a new grant, UE can start to transmit a new TB of URLLC traffic during a grant based transmission. 

· The network can enable a UE to autonomously transmit a new TB of URLLC traffic during a grant based transmission.
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