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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
A SI was approved in [1] on physical layer enhancement for NR URLLC.  The objectives on L1 improvements for this SI are:
· Enhanced multiplexing considering different latency and reliability requirements (RAN1): 
· UL inter UE Tx prioritization/multiplexing 

In this contribution we will discuss some aspects of inter-UE UL pre-emption by URLLC transmission.
2. Discussion
Inter-UE uplink pre-emption where a URLLC transmission of one UE pre-empts the resources of an eMBB transmission of another UE, has been discussed in Rel-15 and it can be divided into two cases:
1) Case 1: The URLLC transmission is grant based, i.e. the resources are dynamically scheduled via DCI
2) Case 2: The URLLC transmission is grant free, i.e. the resources are semi-statically configured via RRC
We will discuss each of these 2 cases.
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2.1 Grant Based URLLC
The mechanisms proposed in Rel-15 for inter-UE uplink pre-emption where the pre-emptor is a grant based URLLC, are to use power control and introduce an Uplink Pre-emption Indicator (PI).

On using the power control, the gNB can increase the power of the URLLC transmission and/or reduce the power of the eMBB transmission when a collision occurs.  Increase in the URLLC transmission power will increase interference to the eMBB transmission whilst reducing the eMBB transmission power will reduce its signal strength, i.e. this would degrade the eMBB performance as observed by several companies [2], [3], [4], [5], [6].  Furthermore, since eMBB is still being transmitted, it will act as interference to the URLLC transmission.

Observation 1: Increasing the URLLC power and/or reducing the eMBB power leads to degradation of eMBB transmission and the eMBB transmission still acts as interference to the URLLC transmission.

Uplink Pre-emption indicator has been proposed in Rel-15, e.g. [2], [3], [4], [7], [8], where as shown in Figure 1, the gNB transmits an UL grant for an eMBB UE at Slot n to schedule an eMBB PUSCH at Slot n+2. In Slot n+1, the gNB transmits another UL grant for a URLLC UE to schedule a URLLC PUSCH at Slot n+2, thereby colliding with the eMBB PUSCH scheduled earlier.  The UL Pre-emption Indicator (PI) is transmitted to the eMBB UE before the start of the eMBB PUSCH transmission or at least before the start of the URLLC PUSCH transmission so that the eMBB UE would cancel the PUSCH transmission.  The time between the end of the UL PI and the start of the eMBB PUSCH transmission (or start of URLLC PUSCH transmission) is denoted as NPI, where during NPI, the UE needs to process the UL PI and also execute cancellation of the eMBB PUSCH. It is expected that NPI is less than N2 (the time to process an UL grant and prepare for PUSCH transmission).  The time NPI therefore needs to be specified since UL PI transmitted with less than NPI time between the UL PI and the eMBB PUSCH may cause interference to the URLLC transmission.
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[bookmark: _Ref521084829]Figure 1: Uplink Pre-emption Indicator (UL PI)

Proposal 1: A UE receiving an Uplink Pre-emption Indicator will cancel its most recently scheduled PUSCH transmission.
Proposal 2: If Uplink Pre-emption Indicator is introduce, specify the time NPI, between the end of the UL PI and the point where the eMBB PUSCH transmission needs to be terminated. 

The UL PI can be carried by a DCI.  Typically the eMBB UE would monitor for a DCI at the start of the slot but since URLLC is scheduled at the mini-slot level, this would require the eMBB UE to monitor every mini-slot for an UL PI.  However, the UE needs only to do this if it has received an UL grant.

Proposal 3: Rel-16 UE can be configured to monitor for UL PI with mini-slot periodicity after it has received an UL grant.

In Rel-15, the DL PI is transmitted using a Group Common DCI.  The rationale behind this is that the downlink URLLC is likely to occupy a large bandwidth thereby affecting multiple eMBB UEs.  However, in the uplink, spreading the UE power across a large bandwidth for PUSCH transmission would lead to low PSD.  Hence, we expect the uplink URLLC to use a small bandwidth so that the PUSCH has high PSD.  Therefore, in the UL pre-emption case, the URLLC is likely to affect a single eMBB UE rather than multiple eMBB UEs.  Hence, it is more effective to transmit the UL PI using UE specific DCI.

Proposal 4: The UL PI is transmitted using UE specific DCI.

2.2 Grant Free URLLC
The gNB may schedule an eMBB UE such that some of its PUSCH transmission occupies grant free resources (i.e. configured resources) that can be used for URLLC transmissions. Since the gNB does not dynamically schedule the URLLC UE in grant free resources, an UL PI to cancel an eMBB PUSCH that occupies some of the grant free resources is therefore not effective.

In [9], we propose that when an eMBB transmission overlaps grant free resources, the gNB can indicate to the eMBB UE to transmit its PUSCH in a DTX manner as shown in Figure 2.  Here, an eMBB transmission is scheduled for UE1 at time t0 where the scheduled eMBB transmission overlaps some uplink grant free resources.  Here the eMBB data is transmitted in a DTX (discontinuous transmission) manner.  Between time t4 and t6, UE2 transmits a series of URLLC repetitions using uplink grant free resources.  Since UE1’s eMBB data is transmitted in a DTX manner, some of UE2’s URLLC repetitions would not be interfered with by UE1’s eMBB transmission, thereby improving the reliability of UE2’s URLLC transmission.  It should be appreciated that DTX transmission is only used when the eMBB transmission overlaps grant free resources.  The DTX transmission can be indicated by the gNB in the UL grant or the UE implicitly transmits in a DTX manner whenever the eMBB overlaps grant free resources
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[bookmark: _Ref506397079]Figure 2: eMBB transmitted in a DTX manner

Proposal 5: For inter-UE URLLC and eMBB pre-emption where the URLLC is transmitted using uplink grant free that overlaps the eMBB transmission, the eMBB is transmitted in a DTX manner.

As proposed in [10], another alternative is for the gNB to assign URLLC PUSCH with updated transmission parameters (e.g. resource, MCS, transmit power) on grant free resources that are occupied by eMBB PUSCH.  Here, if the gNB schedules a PUSCH, where some of its transmission overlaps grant free resources, the gNB can signal updated transmission parameters for a URLLC UE configured with these grant free resources.  An example is shown in Figure 3 where the gNB configured grant free resources between frequency f1 and f4 for UE2 (URLLC UE). The configuration is an RRC configuration and includes default resources and transmission parameters (e.g. MCS, power control parameters) to apply in the configured grant free resources. At time t0, the gNB schedules an eMBB UE1 with a PUSCH transmission in the following slot starting after the PDCCH in t1 and ends at t6, which overlaps the configured grant free resources between time t1 and t6 and frequency f1 to f2.  The gNB signals the updated transmission parameters informing the URLLC UE configured with these grant free resources, i.e. UE2, to use these updated transmission parameters for PUSCH using the subset of grant free resources (time t1 and t6 and frequency f1 to f2) occupied by the UE1 transmitting the eMBB PUSCH. The updated transmission parameters can act as an “override” of the default parameters that were RRC-configured earlier.   Here UE2 transmits PUSCH using these updated transmission parameters.
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[bookmark: _Ref521317110]Figure 3: transmission adaptation indicator
Proposal 6: Support the updating of transmission parameters for configured grant free resources that override the default transmission parameters for the portion of a configured UL grant free resource that has been dynamically scheduled for an eMBB PUSCH transmission.
3.   Conclusion
In this contribution we discuss the some aspects of inter-UE UL pre-emption.  We observe the following:
Observation 1: Increasing the URLLC power and/or reducing the eMBB power leads to degradation of eMBB transmission and the eMBB transmission still acts as interference to the URLLC transmission.

We propose the following:
Proposal 1: A UE receiving an Uplink Pre-emption Indicator will cancel its most recently scheduled PUSCH transmission.
Proposal 2: If Uplink Pre-emption Indicator is introduce, specify the time NPI, between the end of the UL PI and the point where the eMBB PUSCH transmission needs to be terminated. 
Proposal 3: Rel-16 UE can be configured to monitor for UL PI with mini-slot periodicity after it has received an UL grant.
Proposal 4: The UL PI is transmitted using UE specific DCI.
Proposal 5: For inter-UE URLLC and eMBB pre-emption where the URLLC is transmitted using uplink grant free that overlaps the eMBB transmission, the eMBB is transmitted in a DTX manner.
Proposal 6: Support the updating of transmission parameters for configured grant free resources that override the default transmission parameters for the portion of a configured UL grant free resource that has been dynamically scheduled for an eMBB PUSCH transmission.
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