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Introduction

In RAN#80 plenary meeting, a new SI on Physical Layer Enhancements for NR URLLC for Rel-16 was agreed [1]. One of the identified objectives of this SI is.

· Enhanced multiplexing considering different latency and reliability requirements (RAN1): 
· UL inter UE Tx prioritization/multiplexing

In RAN1#94, the UL multiplexing between eMBB and URLLC was discussed and the following agreements were made [2]:

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
In RAN1#94b, the power control enhancement for UL inter UE Tx prioritization/multiplexing was further discussed and the following agreements were achieved [3]:
Agreements:
· [bookmark: _Hlk528825169]Potential UL power control enhancements are to be studied further:
· Enhanced dynamic power boost for URLLC UE
· Dynamic change of power control parameters, e.g. P0, alpha without SRI configured
· Enhanced TPC, e.g. increased TPC range, finer granularity
· Currently, the need of URLLC UE power change during one transmission instance is not envisioned
· Study the Enhanced dynamic power boost for URLLC UE, including at least the following aspects
· Feasibility of boosting UE power in power limited or interference limited scenarios
· Physical channel/signal used for the signalling 
· UE Processing timeline for the signalling
· UE monitoring behaviours for the signalling
· UE PDCCH monitoring capability, if the signalling is by PDCCH
· Methods to ensure the reliability of the signalling
· Type of gNB receiver should be reported
· Note:
· Other power control enhancements are not precluded. 
· No change of eMBB UE power control scheme is assumed in this study.
In this contribution, we provide our views on UL inter UE Tx prioritization/multiplexing for both GF and grant-based URLLC UE transmissions.
UL inter-UE multiplexing for URLLC: Grant-Free (GF) based
In RAN1#94b, it was agreed to study the enhanced dynamic power boost for URLLC UE. We believe a dynamic power boosting mechanism is essential for the grant-based URLLC transmission. However, a similar mechanism may also be needed for the GF-based operation where the URLLC UE semi-statically is configured to boost its power if the UL transmission happened to be in specific pre-configured resources.
To further enhance the performance in Rel-16 and to facilitate the gNB’s ability to locate the potential GF-based, low-latency transmission in the frequency-time resource grid, the gNB may semi-statically pre-configure certain portions of the resource grid (i.e., the set of PRBs and the set of symbols) for possible UL GF-based transmission similar to the mechanism defined for downlink pre-emption as shown in Figure 1. The designated resources may include unallocated resources or overlap with the allocated resources for the eMBB UL transmission but may exclude critical signals such as the DMRS signals. In this case, the eMBB UE may autonomously reduce its transmission power in those pre-configured resources which could possibly be shared by the URLLC UEs to minimize interference to URLLC UL transmission. On the other side, the URLLC UE may boost its transmission power in those pre-configured resources to further enhance the reliability of the received signals at the gNB.  
Proposal 1: The Rel-16 NR should study the power control mechanism for grant-free UL transmission by configuring certain portions of the resource grid for possible overlap between a grant-based and a grant-free UL transmission.
UL inter-UE multiplexing for URLLC: Grant-based 
In RAN1#94b, it was agreed to study potential UL power control for URLLC UE. In this scenario, which is only applicable to the Grant-based URLLC UE, the gNB dynamically signals the change of power control parameters to the URLLC UE to boost its transmission power on its assigned resources for UL transmission. 
As for the physical channel to be used for signaling of the power control parameters, a similar mechanism as in Rel-15 can be used where the URLLC UE is either provided for the serving cell of the PDCCH reception for DCI format 2_2 with a configuration for a search space set and a corresponding control resource set for monitoring PDCCH candidates for DCI format 2_2 with CRC scrambled by a TPC-PUSCH-RNTI, or alternatively, receives a TPC command value included in a DCI format 0_0 or DCI format 0_1 that schedules the PUSCH transmission occasion.
Proposal 2: NR supports PDCCH for dynamic signaling of the power boosting parameters for URLLC UE. The power boosting parameters can be signaled in 
· DCI format 0_0 or DCI format 0_1 that schedules the PUSCH transmission occasion or
· jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by a TPC-PUSCH-RNTI


[bookmark: _Ref525895136]Figure 1: A example of semi-static configuration of the resources with possible overlap between a grant-based and grant-free transmission 
The dynamic UL power control mechanism is applicable to the power limited scenarios but it is not a viable solution in interference limited scenarios. An alternative option for interference limited scenarios is to define a similar mechanism to the DL pre-emption which requires the eMBB UE to monitor the GC-PDCCH for a potential pre-emption indication for UL. In this case, the DCI carrying the UL preemption indication could borrow the design principles from its DL counterpart by defining a bitmap to indicate the time-frequency blocks of the reference UL resource. Besides, an RNTI can be defined exclusively for UL pre-emption to enable the eMBB UE to distinguish the DL pre-emption from its UL counterpart. However, one key difference between the DL and UL pre-emption is that the eMBB UE needs to read the PI prior to the URLLC transmission in order to be able to suspend its transmission over the resources used for the URLLC transmission. In the case of DL pre-emption, the eMBB UE is only notified regarding the URLLC transmission after the transmission has been occurred. Therefore, the slot based monitoring periodicity approach adopted for the DL preemption is not applicable to the eMBB and URLLC transmission multiplexing in UL. Instead, the NR should support mini-slot level monitoring periodicity of preemption indication for UL.
Proposal 3: NR should support mini-slot level monitoring periodicity of preemption indication.  

An example of dynamic multiplexing of eMBB and URLLC on the uplink is shown in Figure 2. In this example, the gNB configures UL resources for the pre-emptive scheduling requests (PSR) to enable the URLLC UE to request for UL grant in case it has data to send in the uplink. Upon receiving the PSR, the gNB will send the UL grant on the PDCCH to the URLLC UE and the UL pre-emption indication on the GC-PDCCH to the eMBB UE. Finally, the eMBB UE upon receiving the UL pre-emption indication suspends its UL transmission for the duration of the UL transmission by the URLLC UE.

Proposal 4: NR should support dynamic resource sharing between eMBB UL and URLLC UL from different UEs using UL pre-emption indication in PDCCH for grant-based transmission.
[bookmark: _GoBack]


[bookmark: _Ref474154345][bookmark: _Toc473597408]Figure 2: An example of dynamic multiplexing of eMBB and URLLC on the uplink.
Summary

In this contribution, we provided our views on the UL inter-UE multiplexing for URLLC. We summarize our views through the following proposals:
Proposal 1: The Rel-16 NR should study the power control mechanism for grant-free UL transmission by configuring certain portions of the resource grid for possible overlap between a grant-based and a grant-free UL transmission.
Proposal 2: NR supports PDCCH for dynamic signaling of the power boosting parameters for URLLC UE. The power boosting parameters can be signaled in 
· DCI format 0_0 or DCI format 0_1 that schedules the PUSCH transmission occasion or
· jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by a TPC-PUSCH-RNTI
Proposal 3: The Rel-16 NR should support mini-slot level monitoring periodicity of preemption indication  
Proposal 4: The Rel-16 NR should support dynamic resource sharing between eMBB UL and URLLC UL from different UEs using UL pre-emption indication in PDCCH for grant-based transmission.
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