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1.
Introduction
This contribution is motivated by the following agreement in 3GPP RAN1#87[1] and RAN1 NR AH#1[2]

RAN1#87 Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 
· FFS: resource configuration details
· FFS other details of design
RAN1 NR AH#1 Agreements:

· For an UL transmission scheme without grant
· at least semi-static resource (re-)configuration is supported
· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS
· RS is transmitted together with data
· channel structure of grant-based data transmission can be starting point

In UL transmission without grant, upon URLLC data to be uploaded to a gNB arriving at a UE, a UE is able to upload data at time-frequency radio resources semi-statically allocated/configured by the gNB without waiting for an UL grant from the gNB. Please note that it only precludes the UL grant part in the UL scheduling procedure, but it does not preclude the transmission of scheduling request (SR) signal to inform gNB the intention of URLLC uplink traffic before pure UL data transmission. However, the challenging issue is that a gNB may not know the time instant when URLLC data arrives at a UE. To increase the change that URLLC UL transmission satisfies the latency requirement, a gNB may allocate an abundant amount of radio resources for URLLC UL transmissions. In this case, these radio resources may be shared by multiple URLLC UL transmissions, and an abundant amount of radio resources may alleviate collision/interference among multiple UL transmissions from different UEs. Nevertheless, allocating an abundant amount of radio resources for URLLC UL transmissions may lead to low resource utilization, due to the sporadic nature of URLLC traffic. Therefore, introducing eMBB UL traffic to share the radio resources allocated to URLLC UL transmission is a potential solution. In this contribution, shared resource scheme for eMBB and URLLC UEs is consequently proposed, wherein some protection mechanisms toward URLLC users to assure low latency as well as high reliable transmission of URLLC UL traffic are provided.
2.
Discussion
Since the occurrence of radio resources in the time domain directly impacts the latency performance of URLLC traffic, to satisfy the latency requirement of URLLC, the amount of semi-statically allocated radio resources for grant-free URLLC UL transmission should be sufficient in the time domain, as shown in Fig. 1. However, due to the sporadic nature of URLLC traffic, URLLC data from one UE may not be transmitted at every time occasion of allocated radio resources, which may lead to low resource utilization. To further enhance resource utilization, the allocated radio resources can be opportunistically shared by multiple URLLC UEs (URLLC UE denotes a UE attempting the transmit URLLC traffic). In this case, however, the risk that multiple URLLC UEs interfere with each other may also increase, which consequently harms the reliability performance. To satisfy the reliability requirement in the meantime, repetition transmissions and resource hopping can be applied. As a result, the more radio resources allocated for URLLC traffic (in the time and/or frequency domain) for one URLLC UE or shared by multiple URLLC UEs, the lower probability of interference among multiple UEs with URLLC can be reached. In other words, allocating a sufficient amount of radio resources to be shared of multiple URLLC UEs could jointly achieve low latency and reliable requirements for grant-free transmissions. However, it is also very likely that none of URLLC UEs occupies the rich radio resources, which again leads to low resource utilization problem. Allowing UL eMBB/URLLC multiplexing, particularly at the allocated radio resources for URLLC, thus may solve the low resource utilization problem.
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Fig. 1. The amount of semi-statically reserved radio resources in the time domain should be sufficient, which may impact the latency performance of grant-free URLLC UL transmission.
Observation 1: Due to the sporadic nature of URLLC traffic, semi-statically reserving radio resources for one grant-free URLLC UE may lead to low resource utilization.
Observation 2: To enhance resource utilization, semi-statically reserved radio resources can be shared by multiple grant-free URLLC UEs. To provide reliability (alleviate interference among URLLC UEs), repetition and hopping transmission for each URLLC UE can be applied. In this case, reserving a sufficient amount of radio resources facilitating a low interference/collision probability. However, low resource utilization problem is still a concern.
At the allocated radio resources for URLLC, eMBB/URLLC multiplexing in the time domain may not be feasible, as eMBB traffic occupying resources in the time domain may impact the latency performance of URLLC. Another alternative is to multiplex eMBB and URLLC orthogonally in the frequency domain (i.e., each resource is either utilized by an eMBB UE (eMBB UE denotes a UE attempting to transmit eMBB traffic) or an URLLC UE; otherwise, collision between eMBB and URLLC may occur). However, this alternative scheme may be equivalent to reduce the amount of resources allocated for URLLC traffic. Consequently, collision/interference probability among multiple URLLC UEs may grow to harm the reliability performance. A feasible scheme is thus to perform eMBB/URLLC multiplexing in a non-orthogonal fashion. That is, gNB may allow eMBB UL transmission in the background at the allocated radio resources for URLLC using MUST. No matter there is URLLC UL transmission or not, eMBB UL transmission can be arranged at the reserved radio resources for URLLC. If there is no URLLC UL transmission, then a gNB only receives eMBB traffic from a UE. On the other hand, if an URLLC UL transmission takes place, then a gNB receives a superposition (in the power domain) signal of eMBB traffic and URLLC traffic, as shown in Fig. 2. In this design, the defect of the sporadic nature of URLLC resulting in low resource utilization can be possibly addressed.
Proposal 1: eMBB UL transmission can be arranged at the reserved radio resources for URLLC. If there is no URLLC UL transmission, then a gNB only receives eMBB traffic from a UE. If an URLLC UL transmission takes place, then a gNB receives a superposition (in the power domain) signal of eMBB traffic and URLLC traffic.
3.
Superposition of eMBB and URLLC
Since URLLC traffic needs higher reliability (or a lower BLER) than that of eMBB traffic, at the gNB side, the received power level of URLLC traffic should be larger than the received power level of eMBB traffic. For this purpose, power control may be applied to both eMBB and URLLC UEs. That is, when eMBB traffic is arranged to be transmitted at the reserved radio resources for URLLC, the transmission power may be upper bounded by a certain value (this upper bound value can be determined by gNB). On the other hand, a gNB may also inform URLLC UE(s) the minimum transmission power at the reserved radio resources for URLLC, to make sure that the received power of URLLC traffic can be larger than the received power of eMBB traffic. In this case, an eMBB UE may use a lower data rate (lower modulation order) to transmit eMBB traffic due to a lower received power at the gNB side. In Fig. 3, illustrating examples of constellations with and without superposition transmissions are demonstrated, where QPSK is adopted by both eMBB and URLLC traffic. Nevertheless, eMBB traffic may even uses higher modulation order (e.g., 16-QAM as shown in Fig. 4) to further enhance data rate, but the BLER may also increase.  
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Fig. 2. Multiplexing eMBB and URLLC in the time or frequency domain orthogonally may impact the latency or reliability performance of URLLC. Superposition of eMBB and URLLC transmissions in the power domain may address the sporadic nature of URLLC leading to low resource utilization.
Proposal 2: At the reserved radio resources for URLLC, transmission power control may be applied to boost that the received power of URLLC traffic can be larger than the received power of eMBB traffic at the gNB side. 
In UL power domain superposition, signals are transmitted from different transmitters suffering different channel effects, which may impact the performance of successive interference cancellation (SIC) at the gNB side. To enhance the demodulation performance, a gNB may need to know the channel quality between gNB and eMBB UE, and the channel quality between gNB and URLLC UE. With the facilitation of DMRS transmission, gNB may thus be able to estimate channels of these links.
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Fig. 3. Constellations without superposition (only eMBB traffic) and with eMBB/URLLC superposition. QPSK is adopted for both eMBB and URLLC.
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Fig. 4. Constellations without superposition (only eMBB traffic) and with eMBB/URLLC superposition. QPSK is adopted for URLLC, and 16-QAM is adopted for eMBB.

Observation 3: With the facilitation of DMRS, gNB may capture the channel quality between gNB and eMBB UE, and the channel quality between gNB and URLLC UE, to improve the demodulation performance of superposition signal.

The transmission of eMBB traffic at the reserved radio resources is scheduled by a gNB. Therefore, the presence of eMBB traffic is deterministic. Detecting the presence of eMBB traffic thus may not be a concern, even though the signal strength of eMBB traffic may be weaker than the signal strength of URLLC traffic. However, the presence of URLLC traffic is opportunistic. As a signal is received, a gNB needs to determined whether it is solely eMBB traffic, or it is a superposition signal of eMBB and URLLC (i.e., whether there is URLLC traffic or not). For this purpose, a gNB may also rely on detection of DMRS of URLLC. That is, when a signal is received by a gNB, a gNB detects the presence of DMRSs from URLLC and eMBB. If both DMRSs from URLLC and eMBB can be detected, then it implies that this is a superposition signal and SIC demodulation should be applied. If there is only DMRS from eMBB, it implies that there is no URLLC, then a gNB demodulates eMBB traffic normally. If there is only DMRS from URLLC, it implies an unlikely event that even gNB schedules an eMBB transmission but an eMBB UE does not follow the schedule. Then, a gNB demodulates URLLC traffic normally.
Please note that it does not preclude other schemes for detecting the presence of grant-free URLLC traffic. If there are other signals/sequences/schemes designed by RAN1 for grant-free URLLC detection, these solutions can also be applied.
Proposal 3: DMRS or further signals/sequences/schemes design may be applied to facilitate detection of grant-free URLLC transmission.  
3.
Conclusion
In this paper, the following proposals and observations are therefore provided.
Observation 1: Due to the sporadic nature of URLLC traffic, semi-statically reserving radio resources for one grant-free URLLC UE may lead to low resource utilization.
Observation 2: To enhance resource utilization, semi-statically reserved radio resources can be shared by multiple grant-free URLLC UEs. To provide reliability (alleviate interference among URLLC UEs), repetition and hopping transmission for each URLLC UE can be applied. In this case, reserving a sufficient amount of radio resources facilitating a low interference/collision probability. However, low resource utilization problem is still a concern.
Proposal 1: eMBB UL transmission can be arranged at the reserved radio resources for URLLC. If there is no URLLC UL transmission, then a gNB only receives eMBB traffic from a UE. If an URLLC UL transmission takes place, then a gNB receives a superposition (in the power domain) signal of eMBB traffic and URLLC traffic.
Proposal 2: At the reserved radio resources for URLLC, transmission power control may be applied to boost that the received power of URLLC traffic can be larger than the received power of eMBB traffic at the gNB side. 
Observation 3: With the facilitation of DMRS, gNB may capture the channel quality between gNB and eMBB UE, and the channel quality between gNB and URLLC UE, to improve the demodulation performance of superposition signal.

Proposal 3: DMRS or further signals/sequences/schemes design may be applied to facilitate detection of grant-free URLLC transmission.
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