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Introduction
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) 

Dynamic multiplexing between eMBB and URLLC on the downlink is supported in the first drop of Rel-15. In this contribution, we provide our views on how to handle UL multiplexing of transmission with different reliability requirements. 
Multiplexing URLLC and eMBB traffic in UL: Grant-free 
To meet the latency requirement, the URLLC UE should be allowed to perform UL grant-free transmission over resources assigned for the grant-based eMBB UE transmission. To separate the overlapping transmissions from both the URLLC UE and the eMBB UE, the gNB could perform successive interference cancellation (SIC). To facilitate the gNB to locate the potential grant-free low-latency transmission in the frequency-time resource grid, the gNB may designate certain portions of the resource grid for UL grant-free transmission similar to the time-frequency blocks of the reference DL resource defined for downlink pre-emption. The designated resources may include unallocated resources and allocated resources that do not carry critical signals such as the DMRS signals. To further improve the performance at the gNB, the scheduler may employ a power control mechanism by configuring the URLLC UE to boost its transmission power, and/or the eMBB UE to reduce its transmission power in the resource portion designated for potential grant-free URLLC transmission. Furthermore, if a small portion of the resources of the eMBB UE are selected for the multiplexing, the URLLC UE may have a much higher power spectrum density in the selected resources than the eMBB UE, which facilitates the SIC at the gNB. In addition, the eMBB UE may target a lower received data SINR at the gNB for those allocations which could possibly be shared by the URLLC UEs.
Proposal 1: UL multiplexing of URLLC and eMBB traffic is supported by transmitting the former in resources scheduled for ongoing transmission of the latter.

Multiplexing URLLC and eMBB traffic in UL: Grant-based 
The grant-based URLLC traffic may also be multiplexed with eMBB traffic in the UL. If a low-latency UE requests a grant for an UL transmission and the grant arrives at a time after some eMBB UEs are already scheduled, it is beneficial for the URLLC UE to transmit over resources allocated to the eMBB UE. One efficient way to schedule the URLLC UEs in this scenario is to use mini-slots while using normal slots for the eMBB UEs. In the absence of any pre-emption indication, one simple option is to assist the eMBB UE to adjust its transmission power according to the potential URLLC UE transmission. In this case, the gNB configures the eMBB UEs with the information related to mini-slots or the time-frequency blocks of the reference resource that could potentially carry the URLLC traffic similar to the grant-free case. The gNB can also configure the URLLC UE to boost its transmission power during the mini-slot it is assigned for transmission. However, in some interference limited scenarios, the reliability requirement still cannot be met with the power control mechanism.
An alternative option for interference limited scenarios is to define a similar mechanism to the DL pre-emption which requires the eMBB UE to monitor the GC-PDCCH for a potential pre-emption indication for UL. In this case, the DCI carrying the UL preemption indication could borrow the design principles from its DL counterpart by defining a bitmap to indicate the time-frequency blocks of the reference UL resource. Besides, an RNTI can be defined exclusively for UL pre-emption to enable the eMBB UE to distinguish the DL pre-emption from its UL counterpart. However, one key difference between the DL and UL pre-emption is that the eMBB UE needs to read the PI prior to the URLLC transmission in order to be able to suspend its transmission over the resources used for the URLLC transmission. In the case of DL pre-emption, the eMBB UE is only notified regarding the URLLC transmission after the transmission has been occurred. Therefore, the slot based monitoring periodicity approach adopted for the DL preemption is not applicable to the eMBB and URLLC transmission multiplexing in UL. Instead, the NR should support mini-slot level monitoring periodicity of preemption indication for UL.
Proposal 2: NR should support mini-slot level monitoring periodicity of preemption indication.  
An example of dynamic multiplexing of eMBB and URLLC on the uplink is shown in Figure 1. In this example, the gNB configures UL resources for the pre-emptive scheduling requests (PSR) to enable the URLLC UE to request for UL grant in case it has data to send in the uplink. Upon receiving the PSR, the gNB will send the UL grant on the PDCCH to the URLLC UE and the UL pre-emption indication on the GC-PDCCH to the eMBB UE. Finally, the eMBB UE upon receiving the UL pre-emption indication suspends its UL transmission for the duration of the UL transmission by the URLLC UE.
Proposal 3: NR should consider the following mechanism to support the multiplexing of URLLC traffic and eMBB traffic in the UL:
•	A power control mechanism 
•	Transmitting the UL pre-emption indication in GC-PDCCH


[bookmark: _Ref474154345][bookmark: _Toc473597408]Figure 1: An example of dynamic multiplexing of eMBB and URLLC on the uplink.
Multiplexing URLLC and eMBB traffic in UL from single UE
The case where URLLC and eMBB traffic originates from the same UE should also be considered.  The higher reliability requirement of URLLC requires support for differentiated treatment of the corresponding transmissions in terms of HARQ operating point for the transmission of a transport block (TB), implying proper support from the perspective of logical channel prioritization, uplink power control and physical layer processing. More specifically, the following should be supported:
· MAC logical channel prioritization should support means to multiplex data from logical channels corresponding to URLLC traffic to specific, ultra-reliable, PUSCH transmissions.
· Power control for uplink transmissions should support means to prioritize allocation of power to PUSCH transmissions with data/UCI for ultra-reliable traffic [2].
· Physical layer processing should support means to achieve high transmission robustness by use of appropriate MCS tables and power boosting. In the case of UCI transmissions, support for repetitions (e.g. over more than one resource) and lower coding rate should also be considered [3].

The network scheduler should have control of the above aspects to enable a well-defined, predictable differentiated treatment in the UE. The easiest approach is to associate a transmission profile (TP) with each transmission of a transport block. At the PHY layer, each grant include the TP as part of the HARQ information where the TP governs the physical layer processing together with other information provided in the DCI to meet the target reliability for the transmission. At the MAC layer, the HARQ information received from the PHY layer includes the TP that is used to determine what LCH may be served by the corresponding TB. RRC configures the association with one or more TP value(s) for each LCH. 
The concept of transmission profile thus enables the UE to select a suitable configuration that determines how data is prioritized together with the appropriate set of physical layer parameters (in terms of e.g. MCS table, power control parameters, set of PUCCH resources) when processing the transmission. The transmission profile could be linked to a coreset, or indicated by DCI. A less efficient alternative would be to separately extend the range of every field of DCI to ensure that the range of transmission parameters is sufficiently extended to support ultra-reliable traffic.

Proposal 4: NR supports differentiated treatment of URLLC and eMBB by applying  transmission profile to each transmission.
Proposal 5: A transmission profile indicates the set of higher-layer parameters applicable to physical layer processing.
Proposal 6: The transmission profile is indicated by the reception of the DCI that grants the resources for the transmission. FFS if by a field in a DCI or by a relation to a coreset.
Summary
In this contribution, we provided our views related to the multiplexing of non-latency sensitive traffic and low-latency traffic in the UL. We summarize our views through the following proposals:
Proposal 1: UL multiplexing of URLLC and eMBB traffic is supported by transmitting the former in resources scheduled for ongoing transmission of the latter.
Proposal 2: NR should support mini-slot level monitoring periodicity of preemption indication  
Proposal 3: NR should consider the following mechanism to support the multiplexing of URLLC traffic and eMBB traffic in the UL
· A power control mechanism 
· Transmitting the UL pre-emption indication in GC-PDCCH

Proposal 4: NR supports differentiated treatment of URLLC and eMBB by applying  transmission profile to each transmission.
Proposal 5: A transmission profile indicates the set of higher-layer parameters applicable to physical layer processing.
Proposal 6: The transmission profile is indicated by the reception of the DCI that grants the resources for the transmission. FFS if by a field in a DCI or by a relation to a coreset.
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