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1. Introduction
In RAN1#86, RAN1#88 meetings [1-2], following agreements were made:
	Agreements:
· At least the following potential options should be considered
· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB
· FDM and/or TDM manner
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Dynamic resource sharing between URLLC and eMBB
· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective
· FFS: A similar or same mechanism applicability to UL
· Preemption or superposition
· Other schemes are not precluded 
· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Other mechanisms are not precluded
Agreements:
· Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding
· FFS details


In this contribution, we provide our view on multiplexing between uplink data transmissions having different transmission duration. Especially, we focus on method for sharing radio resource between those. 

2. Resource sharing for uplink data multiplexing
To support URLLC traffic, similar to DL, it is expected that scheduling occasion would be multiple times per slot where corresponding PUSCH can also occur multiple times per slot. Particularly, when PUSCH repetition is used, multiple PUSCH transmission within a slot is expected. Supporting URLLC UL traffic can be done by type 1/2 configuration or based on grant. When UL transmission occurs based on grant, considerations to reduce the latency is necessary to meet very low latency. For example, by restricting supported TBS, N2 value for URLLC can be further constrained. Another example is to assign MCS/TBS in advance such that the UE can start encoding after sending SR (before receiving UL grant) to reduce the processing delay. Nonetheless, to meet the URLLC requirements, stringent processing time of N2 for URLLC is expected. 
With different N2 requirements and also practical scheduling where eMBB UE will be scheduled with relatively large K2 whereas URLLC UE will be scheduled with relatively tight K2 value, it is possible that already scheduled eMBB UL resource and being scheduled URLLC UL resource may collide. Unless mitigation technique is applied, this will lead either URLLC UL cannot be scheduled or the performance of eMBB/URLLC UL transmissions will be degraded. As a simplest solution, gNB could reserve some portion of UL resources for possible URLLC UL transmission, but it will cause less UL resource utilization. Particularly, in case of high population of URLLC UEs with very sporadic traffic pattern, the required reserved resources can increase considerably. Alternatively, for urgent traffic like URLLC, it is beneficial that UE can utilize on-going/pre-scheduled uplink resources. When UE receives UL grant on on-going/pre-scheduled resources of other transmission, there would be collisions between different transmissions. In that case, to solve problem of the collision, following option can be considered: 
(1) Simultaneous transmission of multiple UL channel: This approach is to adjust power of different UL channels for simultaneous reception with reasonable reliability. Dynamic power control by gNB can mitigate this problem. In other words, higher power on URLLC can be used to suppress the interference from concurrent eMBB UL transmissions. This also implies that one cell’s URLLC transmission would interference significantly on neighboring cells. Thus, if this scheme is used, it is necessary to inform neighboring cells about occurred URLLC transmissions. One approach is to utilize gNB interference cancellation capability with potential assistance information on URLLC UL configuration/scheduling information. However, this may not be useful for URLLC UEs with power limited case (e.g., cell edge UE). 
(2) Resource-stealing method: In this approach, a UE can stop transmitting on-going UL transmission when the UE recognizes that other urgent transmission is overlapped with the allocated UL resources. With this method, it is possible to give higher priority to urgent transmission. Uplink resources can include PUCCH resources for periodic CSI, PUSCH for SP-CSI, SRS, HARQ-ACK, PRACH and PUSCH. If K2 is very small for eMBB UL transmissions, there may be possibility not to schedule eMBB UL transmission if URLLC UL is expected. However, for other UL transmissions and also PUSCH with multi-slot, it’s not easy to rely on pure network scheduling to avoid collision with URLLC UL resource. To support this option, we can consider different options. 
A. UE-specific signaling: for each UE, specific indication of ‘reserved’ resource can be considered. If URLLC UL occupies only small portion of frequency/time, this may be effective. However, if it overlaps with multiple UE’s resources (for example for PUCCH resources), this approach becomes very inefficient. Furthermore, new DCI design seems necessary for this. 
B. Group-common signaling: another approach is to adopt group common signaling to indicate ‘reserved’ resources. For this, dynamic SFI could be considered. However, current SFI cannot cancel scheduled PUSCH/PUCCH resources (e.g., multi-slot) and thus SFI is not effective for this purpose. Another alternative is to ‘combine’ feature to downlink PI. As discussed in Sec. 3, there are different aspects between downlink PI indication and uplink halting/preemption indication. It is considerable to combine signaling to one channel, however, information needs to be separately indicated for DL and UL preemption respectively. 
In NR, DL preemption indication, i.e., indication of URLLC DL transmission for eMBB UE, is supported. So it can be considered to utilize a form of DL preemption indication for UL preemption case for minimizing specification efforts. 
Proposal 1: NR support a group common signaling to indicate a set of resources which are allocated to other purpose such that not available (i.e., reserved) to the recipients. 
Proposal 2: Upon receiving the group common signaling, a UE ‘cancel’ UL transmissions overlapping with the indicated reserved resource. 
In terms of group common channel design, PI for downlink can be mostly reused with clarifications on processing time, reference resource, and UE behaviors when it receives indication which are discussed in Section 3. 

3. Consideration points on UE behavior with dynamic indication
First, regarding processing time to cancel UL transmission, we can consider to reuse processing time constraints of SFI (i.e., at least N2). However, this will have some limitation where resources within N2 cannot be cancelled. Another consideration is to reduce the time by assuming the UE change its power on such OFDM symbols to zero and thus processing time to change power is considered for cancellation time. In addition, it is necessary to consider timing advance of a UE. Considering shorter UL grant-to-PUSCH transmission timing of urgent UE, changing on-going transmission could be infeasible depending on the timing advance of victim UE. Figure 1 shows an example of dynamic resource sharing among pUE (pre-empting UE) and vUE(victim UE). After SR transmission of pUE, gNB transmits UL grant and pre-emption indication (PI) to pUE and vUE respectively at 7th symbol. If UL grant-to-PUSCH transmission timing is 8 symbol, pUE will perform urgent transmission from first symbol in next slot. For vUE, processing of PI should be finished during. Thus, in terms of cancellation processing time determination, not only TA-invariant delay (such as power adaptation latency) but also TA should be considered. 
Observation 1: Effective cancellation timing upon receiving UL puncturing indication can be different depending on UE’s TA and necessary delay to adjust power. 
Proposal 3: Cancellation time on scheduled UL transmission by puncturing indication is determined considering UE processing time and timing advance. 
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Figure 1 an example of dynamic resource sharing
Secondly, the UE behavior on the reserved resources should be clarified. During rate matching discussion, it has been discussed that there is no rate matching resources for uplink transmission to avoid discontinuous UL transmission in time and/or frequency domain. Similar assumption can be applied such that a victim UE can drop ‘entire’ UL transmission in a slot if it’s partially or fully overlapping with indicated resources. However this can be very inefficient particularly if reserved resource spans only one or two OFDM symbols. Alternatively, if phase continuity can be maintained, we can consider to allow discontinuous transmission in time domain where discontinuity should not exceed the number of OFDM symbols to keep the phase continuity. At least when puncturing occurs in the last part of resource, shorter transmission with puncturing in the last few OFDM symbols can be considered. This approach may be possible for PUCCH/PUSCH whereas SRS and PRACH should be entirely dropped. When this approach is used for PUCCH/PUSCH, further consideration on DM-RS handling is necessary. Similar to downlink rate matching resources, it is generally desirable not to handle differently on DM-RS. This can be achieved by the following options:
· Option 1: A victim UE assumes that DMRS would not be preempted regardless of puncturing indication. A victim UE transmits DM-RS as scheduled unless the entire transmission is dropped.  
· Option 2: When PI indicates that DMRS symbol/RE is preempted, victim UE drop whole transmission associated with that DMRS. 
As Option 1 limits scheduling flexibility for URLLC, we can simply consider Option 2 if PUCCH/PUSCH can be partially transmitted. 
Proposal 4: Upon receiving a puncturing indication on a resource, 
· For PRACH/SRS
· Drop entire transmission
· For PUCCH/PUSCH
· Further consider dropping overlapping OFDM symbols only as long as puncturing is not overlapping with DM-RS. If puncturing overlaps with DM-RS resource, drop the entire transmission. 
Lastly, in terms of reference resource, it is difficult to align same UL BWPs among sharing the same group common channel. This can be done by network configuration, however, it will restrict considerably on UL BWP configuration or grouping UEs to the same group. In this sense, we propose to also consider adopting ‘frequency domain’ resource indication for reference resource. In terms of time resource, puncturing indication can refer the resources from the next OFDM symbol of end of PDCCH carrying group common to the OFDM symbol of next PDCCH carrying a group common. Considering processing time on group common and UE processing time to adjust power, additional delay can be also considered such that reference time is X symbols in a slot where a group common PDCCH is transmitted to X-1 symbols in a slot where the next group common PDCCH is transmitted. 
Proposal 5: The reference frequency location of UL PI is configured by higher layer. The reference time domain is determined with consideration of UE processing time. 
4. Conclusion
In this contribution, we discuss on method for sharing uplink resource between transmissions having different requirements. Our proposals are as follows:
Proposal 1: NR support a group common signaling to indicate a set of resources which are allocated to other purpose such that not available (i.e., reserved) to the recipients. 
Proposal 2: Upon receiving the group common signaling, a UE ‘cancel’ UL transmissions overlapping with the indicated reserved resource. 
Observation 1: Effective cancellation timing upon receiving UL puncturing indication can be different depending on UE’s TA and necessary delay to adjust power. 
Proposal 3: Cancellation time on scheduled UL transmission by puncturing indication is determined considering UE processing time and timing advance. 
Proposal 4: Upon receiving a puncturing indication on a resource, 
· For PRACH/SRS
· Drop entire transmission
· For PUCCH/PUSCH
· Further consider dropping overlapping OFDM symbols only as long as puncturing is not overlapping with DM-RS. If puncturing overlaps with DM-RS resource, drop the entire transmission. 
Proposal 5: The reference frequency location of UL PI is configured by higher layer. The reference time domain is determined with consideration of UE processing time. 
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