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Introduction
In RAN#80, a new study item on physical layer enhancements for NR URLLC was approved [1]. In Rel. 15, the basic support for URLLC was introduced. For NR URLLC Rel. 16, further use cases with tighter requirements have been identified such as factory automation, transport industry and electrical power distribution. The tighter requirements are higher reliability (up to 1E-6 level), higher availability, depending on the use cases.
In this contribution, we discuss enhancements related to UL inter UE TX prioritization and multiplexing. In RAN1#94 [2], following relevant agreements were made:
Agreements:
· RAN1 to study the potential enhancements for UL inter UE Tx prioritization/multiplexing
· Performance study of the enhanced UL inter UE Tx prioritization/multiplexing mechanisms using Re-15 mechanisms as the performance benchmark
· The use cases and scenarios adopted in L1 enhancements for URLLC are considered for the evaluation of UL inter UE Tx prioritization/multiplexing
· Other factors to be considered such as overhead, capability, etc.
· Study the UE UL cancelation mechanisms, including at least the following aspects
· The potential mechanisms may include UE UL cancelation/pausing indication, UL continuation indication, UL re-scheduling indication
· Physical channel/signal used for the UL cancelation indication 
· UE Processing timeline for the UL cancelation indication
· UE monitoring behaviours for the UL cancelation indication
· UE PDCCH monitoring capability, if the UL cancelation indication is by PDCCH
· Methods to ensure the reliability of the indication for UE UL cancelation
· Study the UL power control enhancements
· Study other enhancements for the multiplexing between a grant-based UL transmission from a UE and a grant-free UL transmission from another UE
Inter-UE multiplexing for grant-based UL
In this section, we discuss the issues related to dynamic resource sharing between eMBB UL and URLLC UL for grant-based transmission from different UEs. 
UE processing timeline for cancellation
In case of grant-based URLLC, whenever the UE has URLLC traffic, it will send SR to the gNB. Based on the reception of the SR from the URLLC at the gNB, it needs to be discussed on how the gNB handles the URLLC traffic when eMBB UL traffic from different UE(s) is already scheduled for transmission. The cancellation of the eMBB UL transmission based on an indication (pre-emption indication) from the gNB to the UE(s) is discussed as one of the options. The UE processing timeline for cancellation of its eMBB UL transmission is important for the UE to make adjustments to its UL transmission block and empty corresponding resources to be used for URLLC UL transmission from another UE. The base reference for the UE cancellation timeline should be the number of OFDM symbols required for UE processing from the end of PDCCH containing the UL grant reception to the earliest possible start of the corresponding PUSCH transmission from UE perspective. These values are denoted by N2’; N2’ ≥ N2 + d where N2 is based on the UE capability for sending data-only on PUSCH. The value of N2 and d are also described in the specifications. If N_cancel is the number of symbols required for the UE cancellation timeline from the end of the pre-emption indication reception to the earliest possible start of the corresponding PUSCH transmission from the UE perspective, then N_cancel < N2’. 
Proposal 1: For NR URLLC grant-based UL in Rel. 16, the UE processing time for cancellation of its eMBB UL traffic should always be less than the number of OFDM symbols that are required for the UE processing from the end of PDCCH containing the eMBB UL grant reception to the earliest possible start of the corresponding PUSCH transmission from UE perspective.
Based on the above proposal, two situations can happen. The first situation being the one that the pre-emption indication is received by the UE(s) with eMBB traffic within the UE processing timeline for cancellation. In such case, one possibility is the cancellation of the eMBB traffic on the resources to be used for URLLC UL traffic are only cancelled and the rest of resources can still be used for eMBB UL traffic as shown in Figure 1. The merit of such operation is only required resource is cancelled. On the other hand, phase continuity before and after cancellation or additional DMRS after cancellation are required. In addition, the amount of cancelled power may be limited by base-band level off for phase continuity and the power off level is sufficient or not needs some discussion. 


Figure 1.	Example of eMBB UL cancellation when UL pre-emption indication is received in time

Proposal 2: For NR URLLC grant-based UL in Rel. 16, if the pre-emption indication is received by the UE(s) with eMBB UL traffic within the UE processing timeline for cancellation, then to study the operation that only the resources to be used for URLLC are cancelled and the remaining resources can be used for the eMBB UL transmission by other UE(s).
The second situation is that the pre-emption indication is received by the UE(s) with eMBB traffic when the remaining time for the scheduled eMBB UL transmission is already less than the UE processing timeline for cancellation or the eMBB UL transmission has already started. In such case, the straightforward solution is to simply cancel the remaining eMBB resources from the beginning of the URLLC UL transmission, as shown in Figure 5. 
Proposal 3: For NR URLLC grant-based UL in Rel. 16, if the pre-emption indication is received late (not within the required timeline for cancellation), then the eMBB UL transmission is cancelled onwards the beginning of the URLLC UL.


Figure 2.	Example of eMBB UL cancellation when UL pre-emption indication is received late in time

UE monitoring periodicity
The UE monitoring periodicity for UL pre-emption indication is important to allow sufficient time for UE timeline for cancellation of the eMBB UL transmission. We discuss three possibilities for the UE monitoring periodicity. First, possibility is to have non-slot monitoring of pre-emption indication. In terms of URLLC UE latency, having very frequent possibility of sending pre-emption indication is the most optimal solution because it allows the eMBB resources to be pre-empted at earliest and thus allowing faster grant of resources for URLLC UL UE transmission. However, this requires for the eMBB UEs to constantly monitor pre-emption indication in every non-slot before and during when UE is transmitting PUSCH. Therefore, the other possibility is to increase the monitoring periodicity to either every alternate non-slot or half-slot. The overall latency increases as the periodicity is increasing for UL pre-emption indication. The UE monitoring periodicity can also depend up on how frequent is the URLL UL traffic. In case of infrequent URLLC UL traffic, infrequent periodicity should be sufficient to satisfy the required criteria for URLL UL transmission. On the other hand, for very frequent URLLC UL traffic, it might be better to have frequent UE monitoring periodicity. Based on this, we propose following:
Proposal 4: In NR URLLC grant-based UL in Rel. 16, configurable UE monitoring periodicity for pre-emption indication should be used, which can depend on the URLLC traffic burst. The possible configurable periodicities depends on the number of blind decoding and CCE demodulation for PDCCH for URLLC.
Signalling of UL pre-emption indication
Two possibilities are considered for signalling the UL pre-emption indication: UE-specific signalling or group-common signalling. Similar discussion was done for the DL pre-emption indication and it was agreed to use group-common signalling. For similar reasons as in DL, group-common signalling for UL pre-emption indication could be used. The DCI size for pre-emption indication can be same as the compact DCI size for URLLC. Therefore, how often the pre-emption indication is received and how often the compact DCI is received for URLLC are same.
Proposal 5: In NR URLLC grant-based UL in Rel. 16, group-common signalling for UL pre-emption indication should be supported, where the DCI size for carrying pre-emption indication can be same as the compact DCI size for URLLC. 
Inter-UE multiplexing between a grant-based UL transmission and another grant-free UL transmission
For inter-UE multiplexing between a grant-based UL transmission and another grant-free UL transmission, since gNB cannot know the presence of grant-free UL transmission, signalling such as UL pre-emption indication to grant-based UL transmission cannot be used. On the other hand, signalling to grant-free UL transmission may be possible.
[bookmark: _Hlk525725089]Before discussing the mechanisms for the multiplexing between a grant-based UL transmission from a UE and grant-free UE transmission from another UE, what is the assumption, such as whether eMBB / URLLC, traffic type, or priority identification is necessary or not, would need to be clear. If gNB knows grant-based UL transmission is eMBB or URLLC by RNTI or other indication and grant-free UL transmission is eMBB or URLLC by different configuration or resource, which UL transmission is prioritized is known by the gNB. Then, eMBB / URLLC handling is up to gNB operation as far as eMBB or URLLC are known. Priority order can be grant-based URLLC > grant-free URLLC > grant-based eMBB > grant-free eMBB. In such assumption, grant-free eMBB resource could be overrides by grant-based URLLC. Therefore, UL cancellation indication is necessary to cancel grant-free eMBB transmission. On the other hand, if the assumption is that grant-free UL transmission contains UCI which indicates eMBB / URLLC identification, it makes the design different, for example, to always protect grant-free UL transmission would be necessary.
Observation 1: Depending on the assumption on whether/how to identify eMBB or URLLC for grant-free UL transmission, the design of inter-UE multiplexing between a grant-based UL transmission and another grant-free UL transmission becomes different.
Observation 2: If eMBB or URLLC grant-free UL transmission is differentiated by different configuration or resource, UL cancellation indication is necessary to cancel grant-free eMBB transmission.
Observation 3: If eMBB or URLLC grant-free UL transmission is differentiated by UCI, to always protect grant-free UL transmission is necessary (i.e., UL cancellation indication for grant-free UL transmission is not necessary).
Conclusion
In this contribution, we discussed inter-UE multiplexing for NR URLLC UL transmission in Rel. 16 and made following proposals/observations:
Proposal 1: For NR URLLC grant-based UL in Rel. 16, the UE processing time for cancellation of its eMBB UL traffic should always be less than the number of OFDM symbols that are required for the UE processing from the end of PDCCH containing the eMBB UL grant reception to the earliest possible start of the corresponding PUSCH transmission from UE perspective.
Proposal 2: For NR URLLC grant-based UL in Rel. 16, if the pre-emption indication is received by the UE(s) with eMBB UL traffic within the UE processing timeline for cancellation, then to study the operation that only the resources to be used for URLLC are cancelled and the remaining resources can be used for the eMBB UL transmission by other UE(s).
Proposal 3: For NR URLLC grant-based UL in Rel. 16, if the pre-emption indication is received late (not within the required timeline for cancellation), then the eMBB UL transmission is cancelled onwards the beginning of the URLLC UL.
Proposal 4: In NR URLLC grant-based UL in Rel. 16, configurable UE monitoring periodicity for pre-emption indication should be used, which can depend on the URLLC traffic burst. The possible configurable periodicities depends on the number of blind decoding and CCE demodulation for PDCCH for URLLC.
Proposal 5: In NR URLLC grant-based UL in Rel. 16, group-common signalling for UL pre-emption indication should be supported, where the DCI size for carrying pre-emption indication can be same as the compact DCI size for URLLC. 
Observation 1: Depending on the assumption on whether/how to identify eMBB or URLLC for grant-free UL transmission, the design of inter-UE multiplexing between a grant-based UL transmission and another grant-free UL transmission becomes different.
Observation 2: If eMBB or URLLC grant-free UL transmission is differentiated by different configuration or resource, UL cancellation indication is necessary to cancel grant-free eMBB transmission.
Observation 3: If eMBB or URLLC grant-free UL transmission is differentiated by UCI, to always protect grant-free UL transmission is necessary (i.e., UL cancellation indication for grant-free UL transmission is not necessary).
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