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Introduction
Uplink (UL) multiplexing of transmissions with different reliability requirement was discussed in Rel-15 but no consensus was reached, due to time limitation. The following agreements have been achieved in previous meetings:
	Agreements in RAN1 #92:
· 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
Conclusion in RAN1 #92b:
•	There is no consensus in Rel-15 to support handling inter-UE UL multiplexing of transmission with different reliability requirements (including the potential need for UL UE preemption)


In the RAN plenary #80 meeting, it was agreed that Rel-16 will continue to study enhanced multiplexing considering different latency and reliability requirements, especially the UL inter UE Tx prioritization/ multiplexing [1]. In this contribution, we will discuss the design of inter-UE preemption indication for UL based on that for DL, to have minimal spec impact.
[bookmark: _Ref228947482]Discussion 
Considering the 10-5 reliability requirement for URLLC, we support the option 1 introduced in section 1 to cancel the corresponding transmission of eMBB UE when a UL preemption indication (PI) is detected. Fig. 1 illustrates the main concept of the UL preemption indication, and the main procedures for the UL preemption indication are stated as follows:
· When a UE has UL URLLC data, it sends a URLLC scheduling request (SR) to the gNB by a dedicated channel. 
· The gNB generates the UL preemption indicator signal which is sent to the eMBB UE using a DL control channel.
· The UL preemption indicator signal includes the information of the preempted UL resource. This signal enables eMBB UEs to timely stop any ongoing transmission scheduled in the preempted UL resource.
· The related eMBB UEs will not transmit their UL data in the preempted resource if the UL pre-emption indicator is successfully decoded. 
[image: ]
Fig.1 illustration of UL resource preemption.
UE monitoring periodicity
To avoid interference to URLLC data, the eMBB UE needs to cancel the corresponding UL transmission before the URLLC UE starts to transmit its UL data. In view of the 1ms latency requirement of the sporadic URLLC traffic, the slot-level monitoring for the UL preemption indicator may not be feasible to enable eMBB UE stop its transmission in a timely way, especially when the subcarrier spacing is small. Thus, to avoid collision of URLLC traffic and eMBB traffic, the non-slot level monitoring of potential UL PI would be required for eMBB UE. This is feasible [2]. Non-slot level monitoring of PDCCH has already been supported by high-layer parameter monitoringSymbolsWithinSlot. 
Proposal 1. The non-slot level monitoring of the UL preemption indication would be required for eMBB UEs.

UE processing timeline for cancellation 












   Fig.2 illustrates the processing timeline of eMBB UE and URLLC UE when the uplink preemption occurs. After receiving the SR from the URLLC UE, gNB decodes the SR and prepares the UL grant for the URLLC UE. Then, gNB generates the UL PI for the eMBB UE. The time of the UL PI transmission is earlier or the same as that of the UL grant transmission. To satisfy the low latency requirement of the URLLC, the slot offset  between the UL grant and the scheduled PUSCH of the URLLC UE should be smaller than that of the eMBB UE , i.e., <. Due to the impact of the propagation time Tp of UL PI and timing advance (TA) of the canceled PUSCH, the time of processing UL grant and preparing for  PUSCH  is smaller than, i.e., < . To avoid the collision between the URLLC PUSCH and the eMBB PUSCH and satisfy the extremely low latency requirement in Rel-16, the time of eMBB UE processing UL PI and preparing for PUSCH cancellation should be smaller than  , i.e.,. 










   Similar to , due to the impact of TA, the actual processing time for PUSCH cancellation is smaller than  . Moreover, gNB should consider the largest TA in the cell range, when calculating  or determining the UE ability  of PUSCH cancellation. Furthermore, similar to the equation of calculating  in [3],  will be equal to , since the canceled PUSCH will not carry DMRS and HARQ-ACK and there will be no BWP switch. Thus, a more strict condition is that  <, where  is the UE ability of URLLC PUSCH preparation time. 
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Fig.2 The processing timeline of eMBB UE and URLLC UE when uplink preemption occurs. 




Observation 1. The time  of the eMBB UE processing the UL PI and preparing for the PUSCH cancellation should be smaller than or equal to the time  of the URLLC UE processing UL grant and preparing for the PUSCH transmission, i.e., .

UL PI monitoring window







According to the relationship is < , i.e., the UL scheduling slot offset is larger than the necessary time of an UL PI taking  effect, an eMBB UE monitors UL PI at least when it is scheduled an UL transmission. And because UE needs a time of  to cancel an UL symbol , it is meaningless to monitoring UL PI after a time until the last symbol of the UL transmission is less than , because even if an UL PI have been received UE cannot cancel any symbol of the UL transmission. Hence, UE only need to monitor an UL PI in a period of time (window), which can start from successful receiving an UL grant and end at a  time before the last symbol of the UL transmission. Additionally, since < , the starting point of the monitoring window may be later than the time when UL grant was received, it can be semi-statically or dynamically informed by gNB so as to decrease the power consumption.  
[bookmark: OLE_LINK95][bookmark: OLE_LINK94]Observation 2. UE only need to monitor UL PI in a period of time after receiving an UL grant.
Proposal 2. Considering eMBB UE power consumption, introduce an UL PI monitoring window for NR eURLLC.

Group-common signaling 
 To achieve low latency, the URLLC traffic usually occupies a very large frequency band, which may affect multiple eMBB UEs. Thus, to reduce the signaling overhead of the UL PI, a group-common signaling is recommended for transmitting the UL PI.
Proposal 3. A group-common signaling is recommended for UL PI to reduce the signaling overhead.

Reliability of UL PI
In comparison with the DL PI, the UL PI requires much higher reliability. Because the DL PI is used to indicate the eMBB UE the already canceled PDSCH from gNB, while the UL PI is designed to indicate the eMBB UE to cancel the ongoing or impending PUSCH before the URLLC UE starts to transmit its PUSCH. Therefore, to avoid collision with the eMBB UE and achieve the 10-5 overall reliability of the URLLC, the reliability of the UL PI should also be in the order of 10-5 or even higher. The following two kinds of methods can be considered to improve the reliability of the UL PI. 
1. More time-frequency resource 
    Allocating more time-frequency resource for the UL PI is a direct method to improve its reliability. For example, it can adopt a higher aggregation level for the PDCCH carried the UL PI. Similarly, the frequency repetition or time repetition can be utilized to improve the reliability. Nevertheless, allocating more rime-frequency resource may cause a high blocking probability of PDCCH that sharing the same search space with the PDCCH carried the UL PI.
2. Smaller payload size 
Another method is to reduce the payload size of UL PI, for example, to utilize a coarser granularity to indicate the preempted time-frequency resource. As an extreme instance, only 1 bit is used to indicate the whole BWP in one slot, even if URLLC UE only occupies a part of BWP in a few symbols. Specifically, after decoding the UL PI, eMBB UE will stop the PUSCH transmission in the whole BWP in the rest symbols of that slot if it has started the PUSCH transmission in that slot. On the other hand, if eMBB UE has not started to transmit its PUSCH, the eMBB UE will cancel the scheduled PUSCH transmission. 
Proposal 4. Higher aggregation level, PDCCH repetition, and coarser granularity can be considered to enhance the reliability of the UL PI.

Conclusions
In this contribution, the following observations and proposals are summarized:




Observation 1. The time  of the eMBB UE processing the UL PI and preparing for the PUSCH cancellation should be smaller than or equal to the time  of the URLLC UE processing UL grant and preparing for the PUSCH transmission, i.e., .
Observation 2. UE only need to monitor UL PI in a period of time after receiving an UL grant.

Proposal 1. The non-slot level monitoring of the UL preemption indication would be required for eMBB UEs.
Proposal 2. Considering eMBB UE power consumption, introduce an UL PI monitoring window for NR eURLLC.
Proposal 3. A group-common signaling is recommended for UL PI to reduce the signaling overhead.
Proposal 4. Higher aggregation level, PDCCH repetition, and coarser granularity can be considered to enhance the reliability of the UL PI.
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