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Introduction
The following options were agreed in RAN1#92 to be studied for the support of dynamic resource sharing between UL URLLC and UL eMBB [1].
	· 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



Either one of the above options can be used to support dynamic resource sharing in NR uplink. An important question that was asked during RAN1#92 was what are the potential advantages and disadvantages of specifying a new gNB indication signal for this purpose, and whether it is really necessary for resource sharing in NR uplink framework. In this contribution we discuss these questions, talk about potential drawbacks in regards to UE complexity, and present our views on why the disadvantages of an uplink indication signal outweigh its potential gains.

Discussion
An uplink indication signal can interrupt an ongoing eMBB transmission only on the symbols preempted by another grant-based URLLC transmission. The outcome is collision-free resource sharing between eMBB and URLLC UEs assuming that all the associated issues are addressed, which will require substantial standardization efforts. One such issue is related to the eMBB UE processing time. In the context of scheduling, UE procesing times have been defined in NR Release 15 and support for two different cases are available for PUSCH preparation (i.e., baseline and aggressive for N2) [2]. It is yet unclear whether the current UE processing time in NR can support the stringent timing requirements of processing a DCI carrying an uplink pre-emption signal. 
Observation 1: A preemption indication is only applicable for grant-based URLLC, can enable collision-free multiplexing between eMBB and URLLC, and requires some standardization work.
The gNB receiver schemes can allow eMBB transmission on the symbols which are also assigned to other URLLC transmissions, and the collisions are resolved at the gNB. The amount of standardization work is small as the assignment of dynamically shared resources are handled by the gNB scheduler and the residual interference is mitigated by the gNB receiver. Better spectral efficiency can be attained as the preempted symbols are also shared between eMBB and URLLC opportunistically and dynamically. 
Observation 2: A gNB receiver scheme is applicable for both grant-based and grant-free URLLC, allows collision-based resource sharing between eMBB and URLLC, and requires less standardization work. 
Based on these observations we propose the following:
Proposal 1: Uplink resources can be shared dynamically between eMBB and URLLC transmissions in Release 15 with the help of gNB multi-access receiver schemes. 

In the last RAN1#92 meeting in Athens, UL power control was also identified as a possible option for dynamic resource sharing. Two separate interpretations can be made for this power control option based on the last agreement. 
· In the first interpretation, the current NR transmit power control scheme can be adopted wherein URLLC transmission power can be boosted on all of its assigned resources and/or eMBB transmission power can be reduced on all of its assigned resources (i.e., all of the eMBB PUSCH symbols in a slot) assuming that the new TPC command can be received in time before the eMBB transmission starts. If a URLLC preemption comes into picture during an ongoing eMBB transmission, the only feasible action will be boosting the URLLC transmission power. 
· In the second interpretation, an indication can provide eMBB UE with a new power control command only for the preempted symbols whereas the rest of the assigned eMBB resources are not impacted. 

Figure 1 shows how the current TPC framework can be used without a need for indication signal. 
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Figure 1: URLLC power can be boosted or eMBB power can be reduced depending on the URLLC SR arrival timing 

In our view there is a significant difference between these two approaches and no clear benefit is identified for the second interpretation. If an indication signal is to be used to point to some preempted symbols, suspending the eMBB transmission on those preempted resources is a simpler and safer approach for URLLC reliability whereas allowing eMBB transmission with reduced transmission power would cause interference. 
Observation 3: There is no benefit of introducing an indication signal only to reduce eMBB transmission power on the preempted symbols instead of suspending transmission.
Proposal 2: Power control option should be considered in the context of current NR TPC framework (without a preemption indication). 
Thoughts on UL pre-emption indication
An indication signal can tell eMBB UE to suspend its ongoing transmission when a preemption is expected to happen due to another URLLC transmission. Although it can offer good spectral efficiency, indication signal comes with several issues which must be solved if it is to be agreed. 

Issue#1 - Processing time is too stringent:

There were discussions in RAN1 about whether to support mini-slot level monitoring periodicity for DL pre-emption, however a decision was made to exclude it from Release 15 due to the stringent requirements on UE processing. In comparison to UL multiplexing, indication for DL preemption is sent to eMBB UE after the actual pre-emption occurs whereas an indication for UL preemption must be received and decoded by eMBB UE in advance to avoid the preemption. For that reason, UL preemption indication is expected to cause more blind detection and power consumption.

Observation 4: NR Rel. 15 does not support mini-slot level monitoring periodicity for DL preemption due to high UE processing requirements.
Observation 5: UE processing requirements for monitoring UL preemption is more stringent than DL preemption indication. 

URLLC transmission occurs in a shorter timeframe, therefore monitoring periodicity for an indication signal needs to be short. As eMBB transmissions are performed in longer durations, expecting all eMBB UEs to be able to decode the indication (e.g., with a periodicity of every 2 or 3 symbols) is not realistic. Aside from monitoring, the processing of the indication after detection also requires high computations due to the limited timeframe till the first OFDM symbol where the URLLC packet is scheduled.
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[bookmark: _Ref498684562]Figure 2: It is not realistic to assume that strict processing time requirements of an UL indication can be fulfilled by all eMBB UEs

Another possibility could be to consider a UE capability class to support uplink preemption indication. Only few UEs that can support detection and processing of an UL pre-emption signal could be expected to be scheduled on shared resources with a URLLC UE. However, there is no significant incentive for an eMBB UE to support such capability. Network scheduler can suspend an ongoing transmission of an eMBB UE if the capability is supported while other UEs equally benefit from the improved spectral efficiency of the system. In our view it is unclear if such a UE capability class can be adopted widely. There is no point in standardizing a signaling procedure if it is unlikely to be used in practice.

Issue#2 - Limitations in TDD mode

An UL preemption indication has limitations in TDD mode where eMBB UE cannot receive and transmit at the same time. In comparison to other methods based on power control or gNB receiver processing, the main advantage of an UL preemption indication is its ability to suspend an ongoing eMBB transmission. However, this is only possible in full-duplex FDD mode.

An indication signal can be monitored in TDD only prior to the start of the eMBB transmission. However, in those situations network implementation can also avoid the preemption by re-scheduling the eMBB transmission without any use of an indication signal. Hence there is no benefit of using an UL preemption indication in TDD.

Observation 6: An UL indication signal cannot be received during an ongoing eMBB transmission in TDD.
Observation 7: UL preemption indication cannot offer any benefits in TDD mode. 
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Figure 3: An UL preemption indication does not offer any benefits or gains in TDD in comparison to other methods

Issue#3 – High signaling overhead

[bookmark: _GoBack]UL preemption indication needs to be transmitted and monitored in a mini-slot level periodicity and the periodicity should be as short as the minimum possible URLLC transmission duration. High reliability is necessary for the detection of the indication signal, hence it is likely to require large PDCCH resources in frequency. If eMBB UEs are configured with different slot formats, the same indication also may need to be transmitted on multiple different symbols for different UEs. 
Also, better indication granularity is needed in frequency across the BWP of the eMBB UE, hence larger bitmap size will be necessary for UL preemption indication, as opposed to only 14 bits needed for each DL preemption indication field per serving cell. 

Issue#4 – Monitoring restrictions in Rel.15

Since the high-accuracy detection of an UL indication signal by eMBB UE is critical for URLLC reliability, the PDCCH carrying the uplink indication may have to be transmitted on higher aggregation levels. However, the blocking probability for other PDCCH transmissions positioned in the same CORESET should be maintained low. 
Also, NR Rel. 15 has already set limitations on the maximum number of CORESETs, number of search spaces, and number of monitored DCI sizes per slot. Monitoring configuration of eMBB UE for such an UL indication signal should take into account these limitations, which is going to be challenging.

All these issues should be addressed to justify an UL indication signal in NR. It is worth emphasizing that all of the three options listed in the last RAN1#92 agreement are feasible alternatives to support dynamic UL resource sharing in Release 15. However, substantial amount of standardization efforts will be required to progress on the specification of an UL indication signal and to solve all of its issues within the Release 15 timeframe. Since Release 15 is planned to be finalized soon by June-18, we propose the following.
Proposal 3: An indication signal for uplink pre-emption is not supported in Release 15.

Conclusions
We have made the following observations:

Observation 1: A preemption indication is only applicable for grant-based URLLC, can enable collision-free multiplexing between eMBB and URLLC, and requires some standardization work.
Observation 2: A gNB receiver scheme is applicable for both grant-based and grant-free URLLC, allows collision-based resource sharing between eMBB and URLLC, and requires less standardization work.
Observation 3: There is no benefit of introducing an indication signal only to reduce eMBB transmission power on the preempted symbols instead of suspending transmission.
Observation 4: NR Rel. 15 does not support mini-slot level monitoring periodicity for DL preemption due to high UE processing requirements.
Observation 5: UE processing requirements for monitoring UL preemption is more stringent than DL preemption indication.
Observation 6: An UL indication signal cannot be received during an ongoing eMBB transmission in TDD.
Observation 7: UL preemption indication cannot offer any benefits in TDD mode.

We have made the following proposals:

Proposal 1: Uplink resources can be shared dynamically between eMBB and URLLC transmissions in Release 15 with the help of gNB multi-access receiver schemes.
Proposal 2: Power control option should be considered in the context of current NR TPC framework (without a preemption indication).
Proposal 3: An indication signal for uplink pre-emption is not supported in Release 15.
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