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1. Introduction
In this contribution, we provide a method of uplink collision handling between eMBB and URLLC transmission of different UE. 

2. Inter-UE resource sharing for uplink data multiplexing
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. For example, unless there are significant number of UEs using URLLC service, it is not reasonable to reserve resources or to always reduce transmit power of eMBB. To support URLLC efficiently, in case of that gNB allocates whole UL resource already, it is necessary that gNB schedules UE over on-going/pre-scheduled uplink resources. When the UE receives UL grant on on-going/pre-scheduled resources of other UE, there would be collisions between different UE. 
Overall, for inter-UE resource sharing, power control and resource rescheduling/preemption mechanisms were discussed in previous meeting. Some further details on each option are as follows. 
(1) UL power control: Using this approach, to enhance the reliability of a channel when more than UL transmissions from multiple UEs are colliding, either power boosting on the channel or power reduction on the other channel can be considered. When power boosting on the channel is used, this may imply 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). Reducing power on non-URLLC UL transmissions can be similar to cancel or reschedule on-going/pre-configured UL transmission as mentioned in below. To support power boosting at URLLC UL transmission, as power boosting is necessary only when the scheduled resource may collide with another already scheduled data, dynamic power boosting mechanism is necessary. One approach is to indicate ‘power boosting offset’ in URLLC UL transmission where the UE adds indicated offset to the UL transmission. 
(2) Cancel or reschedule other UEs: In this approach, a UE can change a part or whole of pre-scheduled UL resource by explicit indication. With this method, it is possible for gNB to give higher priority to urgent transmission by the indication. Uplink resources can include PUCCH resources for periodic CSI, PUSCH for SP-CSI, SRS, HARQ-ACK, PRACH and PUSCH. To support this option, we can consider different options. 
A. UE-specific signaling: for each UE, dedicated indication of ‘reserved/punctured’ resource can be considered. With compact dedicated signal, this approach can be effective when the affected number of UEs is small. Another approach is to use UL grant to re-assign or re-schedule (re-)transmission resource and to cancel previous resource at the same time by single indication. For example, if a UE has received another UL grant with overlapping resource to the previously scheduled UL transmission which has not been transmitted, it can be considered as a rescheduling DCI. This approach may not work to cancel non-dynamically indicated resources such as configured grant, SP-CSI, PUCCH, PRACH, etc. Nonetheless, as this is not the currently assumed UE behavior where the UE overrides previously scheduled UL transmission, further clarification on UE behavior if this option is used is needed. 
B. Group-common signaling: another approach is to adopt group common signaling to indicate ‘reserved/punctured’ resources. For this, dynamic SFI could be considered. To be effectively cancel pre-scheduled UL transmission in consideration of UL transmission processing time, it is necessary to indicate SFI very flexibly and potentially very often. Furthermore, monitoring periodicity on SFI may need to be also reduced.  Thus, some enhancements in current dynamic SFI indication via group common PDCCH is necessary. Another alternative is to signal similarly to the downlink preemption and is to ‘combine’ feature to existing downlink preemption indication. It is considerable to combine signaling to one channel, however, information needs to be separately indicated for DL and UL preemption respectively. 
When explicit indication is considered, to be more effective, monitoring periodicity on potential indication may need to be very small. This may increase the overall overhead in UEs. However, it should be also considered that if a scenario where a UE is serviced for both eMBB and URLLC (i.e., serviced with multiple different QoS levels), it is likely that most UEs in the network are also serviced for both scenarios. In other words, UEs for receiving preemption indication may also support URLLC, and monitoring periodicity for URLLC is anyway necessary for such UEs. In other words, when designing preemption indication, we can also consider advanced features such as short monitoring periodicity. 
In terms of processing time requirement, both options seems comparable as both requires some changes in power and/or resources. However, to reduce the interference levels while increasing reliability, explicit indication mechanism is preferred over power boosting. .
Between UE-specific and group-common signaling, the spectral efficiency may depend on the number of affected UEs. If control capability is sufficient, UE-specific mechanism can be more beneficial as one UL grant can cancel and reschedule at the same time. However, as URLLC UL transmission needs to be also scheduled with potentially high AL, it is not likely that there is sufficient control resource. From those point of view, group-common DCI can be more suitable rather than UE-specific DCI in order to support URLLC. 
Proposal 1: For UL inter-UE multiplexing for URLLC,
· 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/punctured) to the recipients. 
· Upon receiving the group common signaling, a UE ‘cancel’ UL transmissions overlapping with the indicated reserved resource. 

3. Consideration of preempting resource elements for DMRS
If group-common indication informs a UE of reserved resource for multiplexing, the UE behavior on the reserved resources should be clarified. It is simple to 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. To preserve DMRS resource elements, following options can be considered:
· 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 2: 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 3: 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. Consideration of using UE-specific signalling for inter-UE mux.
As statement above, it is possible to use UE-specific signalling for changing pre-scheduled resource. By adopting different UE behavior or DCI interpretation on existing DCI format, it can achieve UL multiplexing without designing new DCI or channel for indication. Thus we can consider this approach to minimize specification effort. To re-use existing DCI, e.g., UL grant, following options can be considered:
· Option 1. Cancelling previous UL scheduling by ‘rescheduling’: When UE received UL grant indicating same TB or same HARQ process before transmission of the pre-scheduled TB, UE drops pre-scheduled transmission and follow newly received grant. 
· Option 2. Cancelling overlapping resource with UL grant: When UE received a UL grant which will be used for transmitting PUSCH, if the indicated resource overlaps with the pre-scheduled or pre-configured resource of a channel (e.g., PUSCH, PUCCH, SRS) at least in time-domain, UE drops the overlapping pre-scheduled/pre-configured channel(s). 
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(a) An example of Option 1
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(b) An example of Option 2
[bookmark: _GoBack]Figure 1. Examples of proposed options for UL multiplexing
Option 1 is useful to mitigate DCI overhead. In this approach, both canceling transmission and allocating alternative resource are achieved by single DCI transmission. Considering that cancelled transmission would need to be recovered by allocating new resource, it has a benefit. However, in this case UE doesn’t know impacted resource and if PUCCH or other non-PUSCH UL transmission is overlapped with urgent UL transmission, this approach won’t work properly. On the other hand, Option 2 can cancel non-dynamically scheduled UL transmission as well. In addition, since Option 2 has no restriction of HARQ process, it may have more flexibility to allocate new resource. If we have the restriction of HARQ process to cancel pre-scheduled resource, newly allocated resource should be suitable for that TB. On the other hand, Option 2 may not be possible depending on punctured resource. For example, if there is a need to cancel UL transmission from OFDM symbol 1-14, it is not possible to indicate partially overlapping (in time) resource allocation to the punctured resource. 
Considering those two options are not exclusive each other, we can consider to adopt both. If we need to choose one of them due to complexity or other feature like PDCCH repetition, we prefer option 2.

5. Conclusion
In this contribution, we discuss on method for sharing uplink resource between transmissions having different requirements. Our proposals are as follows:
Proposal 1: For UL inter-UE multiplexing for URLLC,
· 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/punctured) to the recipients. 
· Upon receiving the group common signaling, a UE ‘cancel’ UL transmissions overlapping with the indicated reserved resource. 
Proposal 2: 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 3: 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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