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1 Introduction

This contribution is a revised version from R1-1715491. 
In RAN 1 meeting #92, the following agreements related to UL multiplexing of eMBB and URLLC were achieved [1]:
Agreements:

· Study the options to support dynamic resource sharing between eMBB UL and URLLC UL from different UEs (comparing with existing techniques)

· Option 1: eMBB UE cancels UL transmission when an indication is detected. Details to be discussed/clarified
· UE processing timeline for cancelation
· UE monitoring periodicity
· Group common or UE specific signalling (including the possibility to use eMBB scheduling DCI)
· reliability of indication
· Any impact due to timing advance
· Option 2: UL power control. URLLC UE transmits over the same resource with eMBB UE transmission. The transmission power for URLLC UL is boosted and/or transmission power for eMBB UL is reduced. Details need to be discussed/clarified
· Performance impact to eMBB/URLLC transmission

· How to signal the URLLC transmission power boosting
· How to signal the eMBB transmission power reduction after UL grant
· UE monitoring periodicity
· Processing timeline
· Feasibility of changing eMBB Tx power during the transmission 
· reliability of indication
· Any impact due to timing advance
· Other options including gNB receiver interference cancelation schemes are not precluded
· Aspects to be included in the study
· Processing timeline for grant-based procedure for URLLC in UL
· Applicability of the options to TDD and/or FDD can be studied
· Cases for GB-based & GF-based

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 stop its eMBB transmission in timely way, which will result in the collision of URLLC traffic and eMBB traffic. It is beneficial for eMBB UE to have more time to cancel its UL transmission since more cancellation timeline can be ensured after receiving UL pre-emption indication based on the non-slot level monitoring periodicity comparing with the slot level monitoring periodicity. 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 also be supported. 
Proposal 2:  The monitoring periodicity of UL pre-emption should be non-slot level. 

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. The UL PI should provide ~1e-5 detection error probability in order to be able to release eMBB spectrum for satisfying a URLLC service which requires 1e-5 error rate.

Methods to assure high reliability transmission for UL pre-emption should be further studied, like repetition transmission for UL PI.
Proposal 3: RAN1 should study high reliability transmission for the UL pre-emption indicator.
2.3 UL PI format

Regarding the UL pre-emption indication format, there are two options.
· Option1: The UL pre-emption indication is signalled to the related eMBB UE by a UE-specific DCI format. It is flexible that UL pre-emption indication is signalled by UE specific DCI signalling considering that different UEs may have different capabilities. 
· Option 2: Similar to the DL pre-emption indication, the UL interruption indication may be defined as a group-common DCI format. The DL pre-emption indicator and UL pre-emption indicator use separated resources for transmission. The dedicated search space can be designed for the UL pre-emption indicator, which is different from the search space for the DL pre-emption indicator.
Proposal 4: The UL interruption indication may be defined as a group-common DCI format with a dedicated search space or a UE-specific DCI format.
2.4 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 5: 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 needs 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 6: 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 non-slot level. 

Proposal 3: RAN1 should study the high reliability transmission for the UL pre-emption indicator.
Proposal 4: The UL interruption indication may be defined as a group-common DCI format with a dedicated search space or a UE-specific DCI format.
Proposal 5: 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 6: 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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