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1.
Introduction

During previous meeting, following options had been selected for further study.
RAN1#92 Agreements:

· 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

In this contribution, we discuss the UL pre-emption solution, i.e. option 1, where eMBB UE cancels UL transmission when a pre-emption indication is detected under shared resource for efficient eMBB and URLLC uplink transmission. Cases for Grant-based & GF-based applications are considered respectively.  
2.
Issue Discussion 
The contention problems could happen if eMBB using larger duration using grant-based scheduling and URLLC UL transmissions are scheduled with shorter duration, part of resource during eMBB UL transmission being pre-empted by URLLC transmissions when conflict occurs. For URLLC, grant-based and grant-free transmission should be analysed separately. There are two cases of co-existence scenarios between eMBB and URLLC streams, i.e., intra-UE and inter-UE.
2.1 Pre-emption for Intra-UE Cases
· Grant-Based URLLC Transmission
For intra-UE case where eMBB and URLLC service happens simultaneously in a UE. Since both eMBB and URLLC are dynamically scheduled by gNB, UE just need to follow instructions of gNB on dynamic resource assignment of these two streams, even contradiction happens. 
For gNB, relying on the requested UL resource with respect to the selected SR configuration from UE, gNB can judge the necessity of performing pre-emption to overwrite already assigned resource of eMBB traffic. From UE’s point of view, even though lately granted resource is overlapped with previous UL grant resource for eMBB, this contradiction should be neglected, and UE should insert prioritized logic channel of URLLC type and stop previously planned eMBB traffic, even if it is ongoing. Dynamic switch off currently transmitting eMBB traffic and then instantly insert URLLC traffic after dynamic rescheduling could be challenging considering UE processing time.
URLLC and eMBB could have different of numerology, this abrupt switch could happen between different BWPs. In this case, frequency domain resource is not overlapped, and dynamically withdraw and replacement of different traffic would not happen at the same BWP. In Rel. 15, cross BWP scheduling is supported but only one BWP could be active at a given time. Nevertheless, target BWP could pre-scheduled considering limited transition time. 
Proposal 1: Intra-UE Pre-emption should also consider abrupt traffic type switching between different BWPs. 
· Grant-free URLLC Transmission

In the case of URLLC UL traffic using grant-free resource and the transmission timing is over-lapped with previously assigned eMBB resource. If the grant-base resource and grant-free resource is not overlapped in the frequency domain, then PAPR is the main concern for joint transmission of URLLC and eMBB traffic. On the other hand, if frequency domain resource is partially overlapped, an indication generated from UE for gNB to recognize pre-empted eMBB UL resource is necessary. In this case, identification of which part of grant-free resource originally scheduled for eMBB data have been replaced by URLLC data can rely on the design of DMRS sequence. That is, DMRS sequence with different parameter can represent different type of data stream UE is intended for uplink transmission.
Proposal 2: For pre-emption of eMBB using shared grant-free resource in intra-UE cases, DMRS sequences can be used for differentiating different UL traffic types.
2.2 Pre-emption for Inter-UE Cases
Compared to intra-UE case, collision handling of inter-UE UL multiplexing over different reliability is more challenging since some kind of coordination between UEs using different traffic types is necessary. 
· Grant-based URLLC Transmission

For grant-based URLLC operation, when uplink traffic arrives, pre-emption notification should be sent by URLLC UE, this pre-emption notification can be an SR using a specific SR configuration. Once this notification is detected by serving gNB, the currently processing of DL or UL operation for eMBB UEs is suspended in order to protect URLLC UL data received at gNB and possibly avoid cross-link interference between eMBB and URLLC UEs. 

Pre-emption signal is generated by gNB to instantly blocking eMBB UEs’ transmission on part of already scheduled resource. For eMBB UEs being scheduled using the shared resource with URLLC UEs, they must be aware of this possibility and need to monitor all possible PDCCH locations in CORESETs/search spaces carrying pre-emption indication on a specific DCI using URLLC’s scheduling scale.
Different to the pre-emption in DL case where indication can be received after URLLC event happened. For UL pre-emption, UL pre-emption indication have to be pre-indicated and received eMBB UEs before URLLC uplink transmission. It is inevitable that such signal exchange between gNB and UE takes time and causes extra delay. However, this extra latency is intrinsically inherited from the grant-based scheme and therefore only suitable for URLLC UE with delay tolerant applications.
Though beneficial to URLLC UEs, this scheme ironically impose enormous overhead on eMBB UEs to keep monitoring pre-emption signal using the scale of mini-slot which could be as frequent as 2 OFDM symbols. To compromise reliability of URLLC UEs and complexity of eMBB UEs, a mechanism with adaptive monitoring should be introduced. For example, eMBB UE may trigger additional monitoring occasions when gNB assign shared grant-free resource to eMBB UE, and eMBB UE know this situation based on some kind of signalling. 
Proposal 3: A mechanism to adjust monitoring period in order to reduce overhead of receiving UL pre-emption signal at eMBB UEs is necessary. 
· Grant-free URLLC Transmission
In the case of grant-free operation. For collision avoidance of URLLC UL traffic using shared resource with other eMBB UEs. URLLC UEs can firstly perform channel sensing before UL resource selection. Nevertheless this scheme creates additional sensing time period which leads to additional latency. In addition, accurate range of occupied resource of eMBB traffic is challenging if relying only on channel sensing.   

For timely and more precisely identification of the resource occupied by eMBB UEs, URLLC UEs could be allowed to receive and decode eMBB UEs’ UL grant information first and then preclude the resource that has been scheduled for eMBB before selecting its own UL resource for transmission. To make this kind of mechanism feasible, we can resort to group-common control channel, where the time-frequency range of allocated resource for eMBB　is commonly and regularly available at a specific location where both URLLC and eMBB UEs are able to probe into the content. Based on this information, URLLC UEs then calculate and exclude these eMBB occupied resources. 
Previous mentioned scheme aims for preventing possible collisions with eMBB traffic. However, in case that collision is unavoidable due to heavy traffic load, a more aggressive scheme should be considered. Since no SR transmission is expected to receive at gNB in grant-free transmission. If URLLC UE wants other eMBB UEs to stop transmission immediately, we may resort to pre-emption signalling over direct link between URLLC UE and eMBB UE and additional direct signalling design is necessary. Due to uplink timing mismatch between URLLC and eMBB UEs, there could be an ambiguity on the exact location of collided resource at both ends and also the actually pre-empted resource received at gNB. In addition, how to perform power control of this UE initiated pre-emption signal considering coverage range and possibly induced interference should be further analysed.
Alternatively, gNB can try to detect URLLC’s uplink transmission, even though it could have been corrupted by eMBB. But once DMRS signal of corresponding URLLC UE is detected, gNB can send pre-emption signal to eMBB UEs to stop following transmissions which may re-collide with URLLC’s repetition or re-transmissions. Complexity and reliability of gNB’s capability to detect URLLC’s signal interfered by eMBB UEs could be an issue and therefore need  further study.　        
Proposal 4: URLLC UEs can receive information of eMBB occupied resource to prevent potential collision with eMBB UEs for resource sharing in grant-free resource.
3. Conclusion
In summary, in the contribution, the following proposals are provided. 
Proposal 1: Intra-UE Pre-emption should also consider abrupt traffic type switching between different BWPs. 
Proposal 2: For pre-emption of eMBB using shared grant-free resource in intra-UE cases, DMRS sequences can be used for differentiating different UL traffic types.
Proposal 3: A mechanism to adjust monitoring period in order to reduce overhead of receiving UL pre-emption signal at eMBB UEs is necessary.
Proposal 4: URLLC UEs can receive information of eMBB occupied resource to prevent potential collision with eMBB UEs for resource sharing in grant-free resource.
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