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1. Introduction
In RAN1#92 meeting [1], following agreements were made:
	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 provide our analysis on feasibility of multiplexing between uplink data transmissions having different transmission duration. 

2. Resource sharing for uplink data multiplexing
For urgent traffic like URLLC, it is beneficial that a UE can be scheduled over  on-going/pre-scheduled uplink resources to maximize the availability. When the UE receives UL grant on on-going/pre-scheduled resources of other transmission, there would be collisions between different transmissions. In the last meeting, it has been agreed to study following two options first:
(1) UL power control: This approach is to adjust power of different UL channels for simultaneous reception with reasonable reliability. In case, the transmission power for URLLC UL is boosted and/or transmission power for eMBB UL is reduced. 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. Meanwhile, this may not be useful for URLLC UEs with power limited case (e.g., cell edge UE). 
(2) UE cancels on-going/pre-scheduled transmission based on the indication: In this approach, a UE can stop scheduled UL transmission when the UE recognizes that other urgent transmission is overlapped with the pre-allocated UL resources. With this method, it is possible for gNB 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. Due to various scenarios such as large gap between UL grant and PUSCH (or between PDSCH and PUCCH) and multi-slot transmissions, it is not desirable only to rely on network scheduling capability to avoid collision between urgent data and other traffic. 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. On the other hand, by using UL grant as indication, it is possible to assign (re-)transmission resource for updating UL resources of UL transmission to be cancelled. In this case, it is necessary to study how to specify preempted resource in UL grant.
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. 
For UL power control, it seems not reasonable to always reduce eMBB power. Since URLLC traffic has sporadic property, passive or semi-static way is not efficient in terms of throughput performance. Alternatively, dynamic power control (e.g., dynamically reduce eMBB power in case colliding with URLLC) can be used for dynamic resource sharing. In this case, two of options are same in terms of feasibility since both options use dynamic signalling to control on-going/pre-allocated transmission. However, considering interference from eMBB UE, cancelling mechanism based on indication is preferred than others. 
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. 

3. Feasibility of resource sharing by dynamic indication 
To analysis feasibility dynamic preemption indication, we have to regard processing time to cancel UL transmission first. For PUSCH processing, PUSCH preparation time of N2 symbols is specified. Briefly, it means UE require at least N2 symbol from the end of the UL grant reception to the beginning of the UL transmission regardless of PUSCH duration. 
Figure 1 shows an example of dynamic resource sharing based on dynamic UL preemption indication (PI). At time T1, gNB sends UL grant which allocates PUSCH of time T3. victim UE (vUE) receives this UL grant after propagation delay from T1. At time T2, due to rack of resources, gNB schedules resource of T3 to preempting UE (pUE) and send UL PI to cancel previously allocated PUSCH transmission of vUE. According to information conveyed by PI, UE may know which symbol is preempted and decide either to drop whole transmission or to puncture impacted resource. 
To cancel pre-allocated transmission, certain duration of time to process PI should be guaranteed. We can assume that PI processing time, denoted by N3, would be less than or equal to N2 since it doesn’t require to encoding data. Meanwhile, URLLC-specific PUSCH preparation time, denoted by N2_URLLC, can also have different length considering URLLC requirements and TA value.
From the above example and assumption, we can find condition which makes it feasible regardless of spectrum. In figure 1, even if there is no propagation delay, vUE has only time gap T3 – T2, i.e., time gap between the end of the reception time of PI and the starting time of preempted resource, to cancel its transmission. Moreover, propagation delay further limits processing time. Considering N2 equals 10 symbols where 15kHz SCS, that propagation delay may be a big deal. Consequently, T3 – T2 should be larger than N3 + TA2. Otherwise, when UE complete to decode PI, UE may already transmit UL channels which is supposed to be cancelled. 
[image: ]
Figure 1. An example of transmission cancelling with dynamic indication

Observation1: To support resource sharing with dynamic indication, the time gap between preempted resource and PI reception should be larger than the sum of N3 and timing advance of the UE receiving PI where N3 is processing time for PI.
Proposal 3: Cancellation time on scheduled UL transmission by puncturing indication is determined considering UE processing time and timing advance. The maximum value of processing time for PI (N3) is assumed as N2 for PUSCH.
It has been considered to use UL grant as preemption indication. When a UE receives another UL grant before PUSCH transmission with a certain condition, the UE may cancel previous PUSCH and transmit new PUSCH (i.e., new one overrides previous one). It can indicate impacted transmission and resource for retransmission simultaneously. In terms of processing time of PI, the same N3 to the group common signaling can be also considered for this approach. One consideration point on N2 for the new PUSCH (retransmission) is that there is possibility to reduce N2 for the new PUSCH as encoded bits prepared for cancelled PUSCH can be reused. Figure 2 shows an example when UL grant is used for preemption indication. 
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Figure 2. An example of re-scheduling with early UL grant
In this example, Unlike above PI case, UL grant for vUE re-schedule PUSCH from T3 to T4 before transmission. It can bring similar effect to resource cancelling. Though it was discussed that one of the benefits of rescheduling approach based on UE-specific UL grant is potential low spec impact, the behavior of rescheduling, particularly in consideration of multi-slot, rescheduling condition, etc. needs to be clarified. Furthermore, the mechanism to handle preemption on UL transmission not triggered by UL grant (e.g., PUCCH or SP-CSI, type1/2) is additionally necessary. In this sense, we do not consider UE specific approach is simpler compared to group common signaling. 
Observation 2: To utilize existing UL grant as preempted indication, it is necessary to investigate how to shorten processing time of UL grant reception and re-scheduling.
When a UE receives rescheduling UL grant, it is expected that the UE cancels previous PUSCH entirely. This can be inefficient in case of multi-slot where it may not be so easily possible for the network to reschedule multi-slot in new resources. In that case, it would be more efficient to cancel only the impacted resources (e.g., drop only one slot) instead of rescheduling totally. 
 Proposal 4: To support dynamic resource sharing with unified solution, group-common signalling should be considered with high priority.

4. Consideration of preempting resource elements for DMRS
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 5: 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 6: The reference frequency location of UL PI is configured by higher layer. The reference time domain is determined with consideration of UE processing time. 

5. Consideration of PUSCH by configured grant
PUSCH transmission triggered by configured grant has several uniqueness compared to PUSCH by dynamic grant. Firstly, there is no way for the gNB to know in advance the UE transmissions on the configured PUSCH. Secondly, configured grant is treated as measurement resource in perspective of slot format. 
When a UE transmits URLLC UL via type 1 or 2 resource, the discussed preemption mechanism may not be effective as the network may not know the transmission in advance. It is thus generally assumed that type 1 or 2 resources are dedicated or efficient multiplexing via MU-MIMO/superposition is used based on the network configuration. 
6. 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. 
Observation1: To support resource sharing with dynamic indication, the time gap between preempted resource and PI reception should be larger than the sum of N3 and timing advance of the UE receiving PI where N3 is processing time for PI.
Proposal 3: Cancellation time on scheduled UL transmission by puncturing indication is determined considering UE processing time and timing advance. The maximum value of processing time for PI (N3) is assumed as N2 for PUSCH.
Observation 2: To utilize existing UL grant as preempted indication, it is necessary to investigate how to shorten processing time of UL grant reception and re-scheduling.
Proposal 4: To support dynamic resource sharing with unified solution, group-common signalling should be considered with high priority.
Proposal 5: 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 6: 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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