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1. Introduction

Scope of URLLC in Rel-15 has been agreed and work to be finished in June 2018 has been listed [1]:
· Proposed scope in RAN1:
· Specify, CQI table and MCS table design targeting high reliability
· Based on the following identified need from RAN1 (RAN1 #90bis)
· Agreement:
· N separate CQI table(s) are supported for URLLC
· Downselect the value of N between 1 or 2
· Two target BLER are supported for URLLC
· Note: RRC signalling is used by gNB to select one of the two target BLER
· Note: The configuration of target BLER or CQI table is part of CSI report setting
· Study and specify if gains are identified
· Define a new DCI format(s) that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data
· For a given carrier, PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space
· Handle UL multiplexing of transmission with different reliability requirements (including the potential need for UL UE pre-emption) 
One of the issue listed is UL multiplexing between eMBB and URLLC transmission. Comparing with so much progress on DL eMBB URLLC, there is no much progress on resource sharing aspect between eMBB and URLLC in UL.
Also, as can be observed below quotation from TR 38.912 [2], UL URLLC transmission can be supported by both grant-free transmission as well as SR-based transmission:

“In URLLC, for an UL transmission scheme without grant, at least semi-static resource (re-)configuration is supported. RS is transmitted together with data. For an UL transmission scheme with/without grant, K repetitions including initial transmission (K>=1) for the same transport block are supported.”
“For URLLC, time interval between SR resources configured for a UE can be smaller than a slot.”
In the following, we provide our view on the details of in resource sharing between UL eMBB and URLLC in Rel-15, considering different types of UL URLLC transmission as well as this resource sharing is for a single UE or among different UEs. This contribution is revised from R1-1800218.
2. Discussion 

As mentioned in background, there were extensive discussions regarding ways of resource sharing, e.g. in a dynamic ways/semi-static way or in an overlapping way or non-overlapping way, between eMBB URLLC in DL and finally both ways are going to be adopt in NR, as mentioned in TR 38.912 [2]:

“NR supports dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL. Dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic where URLLC transmission may occur in resources scheduled for ongoing eMBB traffic. DL dynamic resources sharing between eMBB and URLLC is enabled without pre-emption by scheduling the eMBB and URLLC services on non-overlapping time/frequency resources (No specific specification work is expected).”
For a semi-static or a non-overlapping way, it rely on gNB allocating separate resources for eMBB and URLLC so that the handling of collision between URLLC and eMBB is unnecessary and the operation of sharing resources is much simpler.  On the other hand, these ways would result in much less resource efficiency. As a gNB cannot predict whether there is URLLC traffic coming or not and the only way to avoid overlapping is to left the URLLC resource clean, that is, the URLLC resource would be left unused if there is no URLLC currently on-going. Since reliability of URLLC traffic is crucial, its code rate is typically low and quite some amount of resource would be utilized for URLLC traffic which becomes significant overhead to the system if those resources cannot be used for other purpose.  That is why in DL dynamic overlapping resource between eMBB and URLLC is supported and pre-emption indication is supported. We believe the same arguments are equally applicable to UL. Dynamic resource sharing between URLLC and eMBB in UL is supported by transmitting URLLC traffic where URLLC transmission may occur in resources scheduled for ongoing eMBB traffic. Note that URLLC traffic here may have different types and details of resources sharing are discussed in the following.
Proposal 1: Dynamic resource sharing between URLLC and eMBB in UL is supported by transmitting URLLC traffic where URLLC transmission may occur in resources scheduled for ongoing eMBB traffic.
Resource sharing for a UE
This case refers to the scenario URLLC transmission (either grant-based or grant free) is to be performed when a UE performs uplink transmission for eMBB. For grant-based transmission, it means gNB realizes there is URLLC traffic arrival after eMBB traffic has been scheduled/performed, unless gNB blank some of the symbol when scheduling eMBB traffic, such scenario cannot be avoided. Delaying URLLC traffic after eMBB traffic is finished is not desired as slot aggregation is supported in NR and such delay could not meet the latency requirement for URLLC. Therefore it is preferred to allow an updated grant overriding a former grant in such scenario. For grant-free transmission, it results from a configured grant locates within a period of eMBB traffic and URLLC traffic arrives. One may of course argue that it is possible to avoid eMBB uplink transmission on the symbol configured for grant free transmission. On the other hand, as previous mentioned, it is not desirable to reserve resource specifically for URLLC and being wasted if there is no URLLC traffic. Also, there seems to be an issue regarding how gNB differentiate whether the URLLC grant-free transmission is performed or not (or URLLC traffic is present or not). While since in previous meeting RAN1 have agreed that it is possible to identify a grant free transmission with its RS, gNB can tell whether URLLC traffic is present or not in a same way. Therefore it is preferred that certain rule/priority would be defined similar as that for grant-based URLLC.
Proposal 2: NR specifies a priority to resolve eMBB and URLLC conflict for the same UE in UL.
Resource sharing among different UEs

    This case refers to the scenario URLLC transmission (either grant-based or grant free) is to be performed by a UE when another UE performs uplink transmission for eMBB on the same resources. For grant-based transmission, it is possible to inform eMBB UE to abort/puncture part of the scheduled resource to avoid impact on URLLC transmission. [3] While this proposal does minimize the impact on URLLC traffic, it does come with some demerits. First of all, it cannot be applied for the grant-free case. Secondly, in addition to the concern on power consumption of monitoring pre-emption indication, whether the eMBB UE is able to monitor multiple PDCCH occasion within one slot is questionable. That is why eventually preemption indication may be signaled during or after the eMBB traffic.  Also, the processing time between UL grant reception and UL transmission may be different between eMBB UE and URLLC UE, which means the eMBB UE may not puncture/abort the uplink transmission in time. Considering introducing preemption indication is not that feasible at least for certain cases. Power control for URLLC and/or eMBB UE may be considered to alleviate the interference from eMBB traffic to URLLC traffic. For grant-free transmission, since there may not be power control command for URLLC given gNB has no idea about the presence of URLLC, power control for eMBB UE is more efficient to alleviate the interference from eMBB traffic to URLLC traffic. Therefore, we propose RAN1 to discuss further on how to allow eMBB and URLLC resource sharing from different UEs via proper power control mechanism.
Observation 1: Pre-emption indication is not feasible for resolving eMBB and URLLC conflict between different UEs in certain cases.

Observation 2: Power control can be utilized to alleviate the interference from eMBB traffic to URLLC traffic.

Proposal 3: A power control mechanism is adopted to allow eMBB and URLLC resource sharing from different UEs
    One of the key aspects to make the power control mechanism more efficient is to ensure the power control mechanism is applied when conflict between eMBB and URLLC could happen. For example, if a eMBB UE knows where the conflict could happen, eMBB UE reduces transmission power only in those resource conflict could happen. eMBB UE doesn’t reduce the UL transmission power in resource(s) where conflict would not happen.  This ensures eMBB UE transmission power is not always unsatisfactory. For eMBB UE, some resources can be easily identify as potential colliding resource with URLLC, for example, resources configured/activated for grant free transmission. Even for grant based URLLC transmission, it is also possible to preconfigure or inform eMBB UE some regions which are likely to be taken by URLLC, as long as the region(s) could fulfill requirements of potential UL URLLC transmission(s). Similarly, for URLLC UE, higher transmission power is adopted only if there could be eMBB UE colliding in the same resource and regular transmission power is used when UE ensures there would be no eMBB UE colliding in the same resource.  This ensures URLLC UE only increases transmission power when necessary, and would not cause too much interference if conflict would not happen. For grant free URLLC, UE can assume there is potential risk to collide with URLLC UE. For grant based URLLC, UE can be informed via an associated uplink grant whether there is conflict with eMBB in the scheduled resource.
Observation 3: Power control mechanism is more efficient if eMBB/URLLC UE can differentiate whether eMBB colliding with URLLC could happen.

Proposal 4: NR supports a mechanism for UE to identify resource(s) where eMBB colliding with URLLC could happen and power control mechanism is applied only on the identified resource(s).
3. Conclusion

In this contribution, we discuss resource sharing between UL eMBB and URLLC in NR and have the following observations and proposals:

Proposal 1: Dynamic resource sharing between URLLC and eMBB in UL is supported by transmitting URLLC traffic where URLLC transmission may occur in resources scheduled for ongoing eMBB traffic.
Proposal 2: NR specifies a priority to resolve eMBB and URLLC conflict for the same UE in UL.
Observation 1: Pre-emption indication is not feasible for resolving eMBB and URLLC conflict between different UEs in certain cases.

Observation 2: Power control can be utilized to alleviate the interference from eMBB traffic to URLLC traffic.

Proposal 3: A power control mechanism is adopted to allow eMBB and URLLC resource sharing from different UEs.
Observation 3: Power control mechanism is more efficient if eMBB/URLLC UE can differentiate whether eMBB colliding with URLLC could happen.

Proposal 4: NR supports a mechanism for UE to identify resource(s) where eMBB colliding with URLLC could happen and power control mechanism is applied only on the identified resource(s).
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