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1. Introduction
In previous meetings, following are agreed relevant to UL inter-UE TX prioritization for URLLC [1]:
	
Agreements:
· Recommend both UL cancelation scheme and enhanced UL power control scheme to be specified. 



In this contribution, we provide our views inter-UE UL multiplexing. Particularly, we propose common signaling design for both UL cancelation scheme and enhanced UL power control scheme.
2. Signaling design for UL cancelation indication
As described in TR 38.824, UE-specific signaling and group-common signaling have been considered for UL cancelation indication. 
Between UE-specific signaling and group-common signaling, some aspects need to be considered. Firstly, there would be PDCCH blocking issue. If URLLC traffic occupies a number of resource blocks, which overlaps multiple pre-allocated resources, multiple DCIs need to be sent at same time when UE-specific signaling is used. The other aspect is applicability to configured grant resource. When networks want to allocate prioritized traffic to resource for configured grant PUSCH of other UE, network should indicate preempted resource to possible UE candidates. If multiple UE share that resources, possible candidates become larger. In addition, UL cancelation indication also needs to meet reliability requirement for reliable URLLC transmission. 
From those point of view, the conclusion can be drawn that UL cancelation indication should have small signaling overhead and this overhead shouldn’t become larger even if multiple UEs are cancelled. Therefore, it would be beneficial to use common-signaling for all or group of UEs in order to indicate preempted resource explicitly. 
Proposal 1: For uplink inter-UE multiplexing in rel.16, at least group-common signaling can be used for cancelling pre-allocated UL transmission.
For UE-specific signaling, re-using UL grant has been discussed. By using UL grant structure, network may allocate PUSCH resource with cancelation indication simultaneously, so that signaling overhead can be decreased in some cases. To re-use 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 new 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
Figure 1. Examples of proposed options for UL multiplexing
Option 1 can mitigate DCI overhead more than option 2. In this approach, both canceling transmission and allocating alternative resource are achieved by single DCI transmission. 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. Since it is not possible to expect what will be pre-scheduled UL resource when URLLC traffic comes, whichever signaling is used, any of uplink resources (e.g., PUCCH resources for periodic CSI, PUSCH for SP-CSI, SRS, HARQ-ACK, PRACH and UL-SCH) may need to be canceled. 
 
If we recall our previous discussion on out-of-order scheduling case for non-overlapping in time domain, Option 2 is already agreed. Therefore, it is necessary to investigate if additional UE-specific signaling is necessary.
Proposal 2: For UL inter-UE multiplexing, it is necessary to investigate if additional UE-specific signaling is necessary.

2.1. UE behavior related to UL cancelation indication
When UE gets indication of UL resource cancelation, the UE behavior on the cancelled 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 3: 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, when group-common signaling is used for this method, 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 configurable reference resource in frequency domain. In terms of time resource, UL cancelation 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 so that reference time has some offset from PDCCH carrying a group common signaling.
Proposal 4: The reference frequency location of UL cancelation is configured by higher layer. The reference time domain is determined with consideration of UE processing time. 
3. Common signaling design for UL cancelation and power control
Up to situation, networks may need to use both schemes for URLLC transmission. For example, when multiple URLLC traffic comes, some URLLC UE could be in power-limited situation. Or, in reverse, some eMBB resource are not able to be cancelled by some reasons. So, network may need to support both signaling at same time. For those case, it would be beneficial to support common signaling for both UL cancelation and power control 
As simple approach, it is possible to utilize UL cancelation indication for URLLC UE. For instance, when UL cancelation indication has information of a certain time/frequency resource, URLLC UE can boost TX power of a PUSCH overlapped the time/frequency resource.
For power-limited UE, we can consider TPC command corresponding to time/frequency resource. When some time/frequency resource is indicated for UL prioritization, each UE may change TX power of corresponding PUSCH by TPC command. In addition to this, network can turn off eMBB TX power and boost URLLC TX power with single TPC command if separated TPC table is used for eMBB and URLLC like below. By using this kind of table, power control scheme can be applied even if URLLC UE is power-limited.
	TPC command
	 for eMBB [dB]
	 for URLLC [dB]

	0
	0
	3

	1
	-1
	2

	2
	-2
	1

	3
	TX off
	0


Table. 1 an example of separated TPC mapping table
Proposal 5: For UL cancelation indication and power control scheme, it is necessary to investigate common signaling design for reducing signaling overhead and power-limited URLLC UE 
4. UL multiplexing between grant-based UL and grant-free UL 
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 whether the UE will transmit configured grant PUSCH. Secondly, configured grant is treated as measurement resource in perspective of slot format. Therefore, some mechanisms and signaling design wouldn’t be applicable or efficient. 
As considered in Section 2, group-common signaling design can be considered. For example,  gNB may allocate eMBB PUSCH to resource which is overlapped with URLLC configured PUSCH if gNB considers URLLC traffic is sporadic. In this case, gNB can send group-common DCI to indicate power boosting for potential URLLC transmission on configured grant resource. For intermediate power control, group-common DCI may indicate power control parameter as well as TPC. This approach may be applicable for both eMBB and URLLC configured grant, however, it would be beneficial for the case of URLLC configured grant when considering limited processing time capability of eMBB configured grant. Alternatively, at least for grant-free URLLC case, it is thus generally assumed that grant-free UL resources are dedicated or efficient multiplexing via MU-MIMO/superposition is used based on the network configuration.
Proposal 6: At least for URLLC UL transmission using configured grant, gNB may change power control parameter and/or TX power offset via group-common signaling for potential PUSCH transmission on configured grant resource. 
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 uplink inter-UE multiplexing in rel.16, at least group-common signaling can be used for cancelling pre-allocated UL transmission.
Proposal 2: For UL inter-UE multiplexing, it is necessary to investigate if additional UE-specific signaling is necessary.
Proposal 3: 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 4: The reference frequency location of UL cancelation is configured by higher layer. The reference time domain is determined with consideration of UE processing time. 
Proposal 5: For UL cancelation indication and power control scheme, it is necessary to investigate common signaling design for reducing signaling overhead and power-limited URLLC UE 
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