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Introduction

In the RAN#83 plenary meeting, a new WI on Physical Layer Enhancements for NR URLLC for Rel-16 was agreed [1]. The overall objective of this work item is to specify enhancements to URLLC (Ultra Reliable Low Latency Communications), considering both FR1 and FR2 as well as TDD and FDD. One of the specific objectives is 
· Specification of enhanced inter UE Tx prioritization/multiplexing [RAN1]
· UL cancelation scheme (see section 7.2.1 in TR 38.824 [2]) 
· Enhanced UL power control scheme (see section 7.2.2 in TR 38.824 [2])  
In this contribution, we discuss the specification of the two UL inter UE Tx prioritization/multiplexing schemes for grant-based URLLC UE transmissions. 
UL inter-UE multiplexing for URLLC: Grant-based 

UL Cancellation Scheme 
[bookmark: _Hlk1132213][bookmark: _GoBack]The UL cancellation scheme requires an eMBB UE to monitor the transmission from the gNB for a potential cancelation indication (or in other words, “UL preemption indication”), requesting that it should stop or suspend its transmission to allow a URLLC UE to transmit in the resources indicated. It can be seen as a dual of the DL pre-emption mechanism in Rel. 15, which informs an eMBB UE that some of its assigned resources either have been or are to be assigned to a URLLC UE. However, one key difference between DL and UL pre-emption is that the eMBB UE needs to read the Preemption Indicator (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.  
The DCI carrying the UL cancelation indication could borrow the design principles from its DL counterpart. The UL PI can be signaled in a GC-PDCCH by defining a bitmap to indicate the time-frequency blocks of the pre-empted UL resource. This reduces the specification impact by (1) reusing the GC-PDCCH design and avoid the need to design a new sequence for pre-emption and (2) reduces the need for the gNB to send multiple PDCCHs in the case that the preempted resources span resources for multiple eMBB UEs. Note that there may be a need to modify the PDCCH design to increase the reliability with which it is transmitted to match the reliability required by the URLLC transmission.  
To reduce the latency of the URLLC transmission, on receipt of an SR from the URLLC UE, the gNB should pre-emptively schedule the URLLC UE for transmission even if an eMBB UE is currently transmitting on the same resource. This requires sending a PDCCH that contains an uplink grant to the URLLC UE and sending a GC-PDCCH that indicates the preemption of the scheduled resource to the eMBB UE. 
To reduce the latency between data arrival and data transmission by the URLLC UE, the eMBB UE should increase its PDCCH monitoring periodicity. Although this is beneficial for latency, it may substantially increase the complexity of the transmitting eMBB UE. As such, NR should study techniques to increase the number of monitoring opportunities without increasing the monitoring complexity. For example, the gNB may define pre-emptive resources within which the eMBB increases its monitoring periodicity to a mini-slot granularity rather than blindly increasing the monitoring periodicity for the duration of its transmission. This allows the eMBB UE to know when a pre-emption may take place and modify its transmission accordingly.
An example of the benefits of dynamic multiplexing of eMBB and URLLC on the uplink for FDD and TDD transmission are shown in Figure 1, Figure 2, Figure 3, and Figure 4. In both FDD and TDD transmission, we show the URLLC and eMBB UE data transmission with and without using the UL cancellation scheme. The diagrams assume a SCS of 30 kHz, an associated slot size of 0.5 music and a mini-slot of size 7 symbols. We assume that the processing time for the UL PUSCH grant and the UL PI (N2 and N2’) UE is 4 symbols. We also assume a gNB processing times of 4 symbols. 
In these examples, the gNB schedules the eMBB UE transmission. The URLLC UE sends an SR to the gNB once the URLLC packet arrives. In FDD, this is sent in the UL band while in TDD, this is sent on an UL symbol. 
Upon receiving the SR, the gNB will send the URLLC UE UL grant on the PDCCH to the URLLC UE. Without UL cancelation, the grant is sent at the beginning of the next slot for both FDD (Figure 1) and TDD (Figure 3). The URLLC UE starts transmission 16 symbols after the URLLC packet arrives.
With UL cancellation in FDD (Figure 2) and TDD (Figure 4), the URLLC UE UL grant may be sent with an eMBB UE UL PI at the next eMBB UE UL PI monitoring opportunity (in this case, at the beginning of the next mini-slot). The eMBB UE upon receiving the UL cancelation indication suspends its UL transmission for the duration of the UL transmission by the URLLC UE. The URLLC UE starts transmission 9 symbols after the URLLC packet arrives. Note that, in this example, we see a reduction in latency of a mini-slot (or 0.25 msec) when compared to the non-cancelled transmission.
Proposal 1: NR should support dynamic UL cancellation indication to the eMBB UEs.
Proposal 2: NR should support using the GC-PDCCH for UL cancellation indication with the Rel 15 DL preemption indication design as a baseline.
Proposal 3: NR should study the option of increasing PDCCH monitoring while keeping the monitoring complexity low e.g. use a mini-slot monitoring periodicity in configured preemptive resources. 
Proposal 4: NR should specify UL PI for both TDD and FDD transmission. 
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[bookmark: _Ref5105440]Figure 1: An example of dynamic multiplexing for eMBB and URLLC with no cancellation (FDD)
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[bookmark: _Ref5105565][bookmark: _Toc473597408]Figure 2: An example of dynamic multiplexing for eMBB and URLLC with UL cancellation (FDD)
.
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[bookmark: _Ref5105454]Figure 3: An example of dynamic multiplexing for eMBB and URLLC with no cancellation (TDD)

[image: ]

[bookmark: _Ref5105570]Figure 4: An example of dynamic multiplexing for eMBB and URLLC with UL cancellation (FDD)

 
Enhanced Power Control Scheme 
In the UL Power control scheme for Grant-based URLLC UE, the gNB dynamically signals the change of power control parameters to the URLLC UE to boost its transmission power on its assigned resources for UL transmission. 
As for the physical channel to be used for signaling of the power control parameters, a similar mechanism as in Rel-15 can be used where the power control parameters for the URLLC UE are provided for the serving cell and resource allocation is identified from PDCCH reception of DCI format 2_2 with a configuration for a search space set and a corresponding control resource set for monitoring PDCCH candidates for DCI format 2_2 with CRC scrambled by a TPC-PUSCH-RNTI. Alternatively, the URLLC UE receives a TPC command value included in a DCI format 0_0 or DCI format 0_1 that schedules the PUSCH transmission occasion.
Proposal 5: NR should support PDCCH for dynamic signaling of the power boosting parameters for URLLC UE. The power boosting parameters can be signaled in 
· DCI format 0_0 or DCI format 0_1 that schedules the PUSCH transmission occasion or
· Jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by a TPC-PUSCH-RNTI
Summary

In this contribution, we provided our views on the UL inter-UE multiplexing for URLLC. We summarize our views through the following proposals:
Proposal 1: NR should support dynamic UL cancellation indication to the eMBB UEs.
Proposal 2: NR should support using the GC-PDCCH for UL cancellation indication with the Rel 15 DL preemption indication design as a baseline.
Proposal 3: NR should study the option of increasing PDCCH monitoring while keeping the monitoring complexity low e.g. use a mini-slot monitoring periodicity in configured preemptive resources. 
Proposal 4: NR should specify UL PI for both TDD and FDD transmission. 
Proposal 5: NR should support PDCCH for dynamic signaling of the power boosting parameters for URLLC UE. The power boosting parameters can be signaled in 
· DCI format 0_0 or DCI format 0_1 that schedules the PUSCH transmission occasion or
· Jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by a TPC-PUSCH-RNTI
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