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Introduction
NR, as a new Radio Access Technology (RAT), is designed to provide a variety of services with different performance requirement. There are three major different services that are targeted to be provided by NR, namely

1. eMBB (enhanced Mobile Broadband): the main design goal is to achieve high spectrum efficiency 
2. mMTC (massive Machine Type Communication): the main design goal is to support ultra-high device density, improve coverage by 20dB and reduce the device power consumption
3. URLLC (Ultra-Reliable Low Latency Communication): the main design goal is to achieve ultra-reliable communication with very low latency

In this contribution, we focus on the URLLC design, especially on Uplink (UL). The performance requirement for URLLC, as specified in 38.913, [1], is to achieve 99.999% reliability within 1ms delay bound

	Reliability can be evaluated by the success probability of transmitting X bytes within a certain delay, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality (e.g., coverage-edge).

A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms.


 
In order to achieve ultra-reliable and low latency communication, there are a few techniques that can be employed to improve the efficiency of the system

1. Reduce the scheduling latency: with 1ms delay bound, it is very important to reduce the latency spent in scheduling delay. The faster the gNB schedules the UE after packet arrival, the more time could be spent in transmitting the actual packet before the delay bound and, therefore, the higher the reliability can be achieved.
2. HARQ transmission: Due to various uncertainty in the link adaption, including CQI estimation error, channel variation, interference and noise variation etc., it is very difficult for the scheduler to perfectly predict the decoding outcome of the transmission. Therefore, if the system targets to achieve high reliability with single transmission, it inevitably requires excessive resource and power to be spent in order to provide the margin for link adaptation uncertainty, this clearly negatively impact the system efficiency. Therefore, HARQ transmission is a nature solution to achieve efficient communication while meeting high reliability requirement
3. Mini-slot transmission with fast ACK/NAK turn around: When system operates in tight 1ms delay bound and high reliability requirement, in order for the HARQ transmission to operate efficiently, it is important to support min-slot operation as well as the fast HARQ ACK/NAK turn around. 

In Rel-16 NR URLLC enhancement SI, UL inter-UE Tx prioritization/multiplexing is also part of the objectives. [2]

	Enhanced multiplexing considering different latency and reliability requirements (RAN1): 
· UL inter UE Tx prioritization/multiplexing 



In addition to the above discussion, it is also important to notice that DL URLLC design is easier compared to UL URLLC design due to multiple reasons. Firstly, for DL URLLC, gNB knows the packet arrival immediately, which makes it easier to reduce the scheduling delay. While for UL URLLC, packet arrives at the UE side, while gNB is the scheduler, it is harder for gNB to promptly know the UL packet arrival and make immediate scheduling accordingly. Secondly, DL operates in single Tx but multiple Rx mode, in the sense that there is only one transmitter which is the gNB while there are multiple receivers which are UEs. This makes it easier for the gNB to control the transmission such as preempting the eMBB transmission in order to reduce the scheduling delay of the URLLC packet. However, for UL, the system operates in the distributed transmitter mode in which each UE is a transmitter and the gNB is both the scheduler and the receiver. This makes it harder for gNB to preempt the transmission of the eMBB service. 

Last but not the least, we would like to discuss the service multiplexing. It is well known that service multiplexing can provide multiplexing gain, i.e. trunking efficiency. Imaging a system that supports URLLC service, in order to ensure the high reliability with low latency, the system cannot operate at 100% fully loaded situation. In other words, the system would always have some unused resources from time to time. If no service multiplexing is allowed, those resources will be wasted. On the other hand, if we allow service multiplexing, such as allow eMBB UE to share the resource with URLLC UE. Those unused resource can be utilized to improve the efficiency.

In RAN #83, new work item was approved for physical layer enhancements for NR URLLC [3], Tx prioritization/multiplexing becomes of the topic that need to be specified in Rel-16.

	· Specification of enhanced inter UE Tx prioritization/multiplexing [RAN1]
· UL cancelation scheme (see section 7.2.1 in TR 38.824) 
· Enhanced UL power control scheme (see section 7.2.2 in TR 38.824)  



In this contribution, we focus on the handling of UL multiplexing of transmissions with different reliability requirement, e.g. UL URLLC service multiplex with UL eMBB service.
Design Consideration for UL URLLC multiplex with eMBB
Based on the discussion above, it is more efficient to multiplex URLLC service with other service such as eMBB. Due to the performance requirement difference, URLLC UE should have absolute or close-to-absolute higher scheduling priority than eMBB UE.

Moreover, in order to achieve high spectrum efficiency, it is important for eMBB UE to operate in regular slot, i.e. 14-symbol, to reduce the control overhead. On the other hand, to ensure enough number of HARQ transmissions can be achieved before delay bound, it is important for URLLC UE to operate in mini-slot, such as 2, 4 or 7 symbols slots as illustrated in Figure 1.
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Figure 1 UL URLLC service multiplexed with eMBB service

We consider a scenario, as illustrated in Figure 1, where UE1 has eMBB service and operates in 14 symbol regular slot. UE2 has URLLC service and operates in mini-slot: e.g. 2-symbol. gNB schedules a regular slot UL transmission for UE1 with DL DCI 1. During the UL transmission of UE1 eMBB data, UE2 has UL URLLC packet arrival and informs the gNB. In order to meet the delay and reliability requirement of URLLC service, it is important for gNB to schedule the UL transmission of URLLC packet immediately. 

It is possible that there is no PHY resources for gNB to schedule URLLC UE due to the on-going transmission of the eMBB UL traffic, e.g. UE1 could be scheduled with wide-band UL transmission in order to achieve high UL data rate if UE1 is not link budget limited. In this case, if gNB waits until UE1 finishes its UL transmission, it could significantly reduce the latency budget for URLLC UE. On the other side, if gNB schedules the URLLC UE immediately with DL DCI 2, gNB has to reuse the PHY resources used by the UE1 in which UE1 can cause large interference and negatively impact the URLLC reliability.

Therefore, based on the example above, it is important to allow mechanism for gNB to preempt the UL transmission in order to ensure the URLLC UL latency and reliability requirement.

Observation 1: For UL service multiplex with URLLC UE, it is beneficial to allow mechanism for gNB to preempt the UL transmission in order to ensure the URLLC latency and reliability requirement.
UL preemption for service multiplexing in FDD system
As discussed in the previous section, it is important to allow gNB to preempt the regular eMBB transmission when URLLC service is multiplexed with eMBB service. It is relatively easy to design preemption in FDD system since there is dedicated FDD channel that eMBB UE can constantly monitor.

Figure 2 illustrates the concept of UL transmission preemption. A new DL indication channel can be introduced for the regular UE to monitor. The DL indication informs the regular UE to puncture, i.e. mute, its UL transmission in order to avoid the collision with the URLLC UE.
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Figure 2 UL transmission preemption for URLLC serviced multiplexing in FDD
We also list a few considerations on the DL indication channel design

1. The detailed signalling design for the DL indication can vary
a. It can be unicast to the target UE in the format of a special DCI
b. It can be broadcast to a group of UEs in the format of group-DCI
c. It can also be designed as dedicate DL signaling to reduce the overhead and improve the detection reliability 
2. The content of the DL indication
a. The content can specify both the time and frequency resource that regular UE should mute its transmission. Note that regular UE could be in wide-band transmission, while URLLC UE typically has small packet and only requires limited bandwidth. It is more efficient for the regular UE to puncture only the PHY resources that overlap with the URLLC transmission in order to minimize the impact to the regular UE
b. The DL indication can also inform the regular UE to back off its transmission power instead of simply muting the transmission
3. The preemption can also be used to mute the transmission of the UE in the neighboring cell. It is important to note that UE in the neighboring may also cause large enough interference to impact the URLLC transmission. The issue can be amplified considering the potential DL and UL imbalance. In cellular network, serving cell association is typically based on the DL reference signal, e.g. sync, strength. However, the best DL cell may not be the best UL cell due to various reason, for example the DL transmission power imbalance at different gNB. Figure 3 illustrates the concept that UE2 also monitors the DL indication channel from the neighbor cell
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Figure 3 UL Preemption to mute the neighbor cell UE transmission

Proposal 1: NR to support the DL indication to preempt the UL transmission for efficient multiplexing between URLLC service and other services with different performance requirement  
UL preemption for service multiplexing in TDD system
We discuss the UL preemption for the FDD system. For TDD system, the design is more complicated as UE operates in half duplex mode in TDD system. In other words, for the same TDD channel, UE operates in either DL transmission or UL reception, but not both simultaneously. 

Once a regular UE start its UL transmission, it will not monitor the DL in the same TDD channel until its UL transmission finishes. Hence, in order for the regular UE to interrupts its UL transmission, it is beneficial to deploy TDD system with another dedicated DL channel for control purpose. The dedicated DL channel can be narrow as it only requires to carry light control payload such as DL indication channel. 

Figure 4 illustrates the concept of the TDD deployment with dedicated DL control channel, i.e. FDD DL F2. In this figure, we also illustrate that the DL indication channel carried in the DL F2 can also allow the transmission direction change, i.e. allow preemption of the UL regular transmission for DL URLLC scheduling.
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Figure 4 UL transmission preemption for URLLC serviced multiplexing in TDD
Conclusions
This contribution focuses on the handling of UL multiplexing of transmissions with different reliability requirement. With different performance requirement, different services may operate in differently, such as using regular slot or min-slot. Meanwhile, service with high reliability and low latency requirement such as URLLC, should have higher scheduling priority compared to the other services such as eMBB. To ensure that other services do not degrade the performance of the URLLC service, it is beneficial to support UL transmission preemption. This contribution discusses the design of UL preemption for both the FDD system and TDD system. We have the following proposals

Proposal 1: NR to support the DL indication to preempt the UL transmission for efficient multiplexing between URLLC service and other services with different performance requirement  
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