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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#AH1901, the UL multiplexing between eMBB and URLLC was discussed and the following observations and agreements were captured [2]:

Observations:
· For URLLC with low MCS level
· Three sources (source 1/2/3) observed 0.2dB~1dB required SNR loss for URLLC BLER target 10-4 when URLLC PUSCH uses MCS#0 and collides with another eMBB PUSCH transmission, compared to the baseline with URLLC only PUSCH transmission using MCS#0, assuming MMSE-IRC receiver is used at the gNB and 0dB power offset. 
· Two sources (source 2/3) observed the loss can be reduced to 0.2dB~0.5dB, when URLLC power is 3dB higher than eMBB
· One source (source 1) observed the loss can be negligible if MMSE-SIC receiver is used at the gNB  (eMBB and URLLC are decoded with two hypothesis)  and 0 dB power offset assuming orthogonal DMRS between eMBB and URLLC
· For URLLC with medium MCS level
· Two sources (source 2/3) observed 1.8dB~6dB required SNR loss for URLLC BLER target 10-4 when URLLC PUSCH uses MCS#6 and collides with another eMBB PUSCH transmission, compared to the baseline with URLLC only PUSCH transmission using MCS#6, assuming MMSE-IRC receiver is used at the gNB. 
· The same two sources observed the loss can be reduced to 0.4dB~2dB, when URLLC power is 3dB higher than eMBB
· For URLLC with higher MCS level
· One source (source 1) observed about 3.2dB required SNR loss for URLLC BLER target 10-4 when URLLC PUSCH uses MCS#14 and collides with another eMBB PUSCH transmission using MCS#14 or 23 (for the higher SE table), compared to the baseline with URLLC only PUSCH transmission using MCS#14, assuming MMSE receiver is used at the gNB and 0dB power offset.
· The same source observed that when no power offset is applied to the URLLC, if MMSE-SIC receiver is used at the gNB (eMBB and URLLC are decoded with two hypothesis), the loss can be reduced to 0.5dB for the case with URLLC MCS#14 and eMBB MCS#14, assuming orthogonal DMRS between eMBB and URLLC. However, the loss cannot be reduced by MMSE-SIC receiver for the case with URLLC MCS#14 and eMBB MCS#23. One source (source 3) observed URLLC error floor at 10-1~10-2  when URLLC PUSCH uses MCS#10 or 14 and collides with another eMBB PUSCH transmission using 16QAM, compared to the baseline with URLLC only PUSCH transmission using MCS#10 or 14, assuming MMSE-IRC receiver is used at the gNB and 0dB or 3dB power offset between URLLC and eMBB
Note: For SIC receiver, if eMBB transmission ends later than URLLC, the latency performance of URLLC may be impacted if the eMBB is decoded first.

Observation:
· For eMBB with lower MCS level (QPSK modulation)
· Two sources (source 1/8) observed  up to 0.5dB required SNR loss for eMBB BLER target 10-1  when eMBB PUSCH uses MCS#0 or 2 and collides with another URLLC PUSCH transmission, compared to the baseline with eMBB only PUSCH transmission assuming MMSE-IRC (source 1) or MMSE (source 8)  receiver is used at the gNB and 0dB power offset. 
· One source (source 1) observed the loss can be negligible, if MMSE-SIC receiver (eMBB and URLLC are decoded with two hypothesis)  is used assuming case-1 DMRS between eMBB and URLLC.
· One source (source 8) observed 0.3dB~2dB required SNR loss for eMBB BLER target 10-1  when eMBB PUSCH uses MCS#6 and collides with another URLLC PUSCH transmission, compared to the baseline with eMBB only PUSCH transmission assuming MMSE receiver is used at the gNB and 0dB power offset.
· For eMBB with higher MCS level (16QAM or 64QAM)
· One source (source 1) observed 1dB~1.6dB required SNR loss for eMBB BLER target 10-1  when eMBB PUSCH uses MCS#12, 14 or 23 and collides with another URLLC PUSCH transmission, compared to the baseline with eMBB only PUSCH transmission assuming MMSE-IRC receiver is used at the gNB and 0dB power offset. Another source (source 4) observed 8dB loss.
· One source (source 1) observed that the loss can be reduced to 0.3dB, if MMSE-SIC receiver is used at the gNB ((eMBB and URLLC are decoded with two hypothesis), assuming case-1 DMRS between eMBB and URLLC.
Agreements:
Capture the following in TR 38.824 section 7.2.1“UE UL cancelation mechanisms”
UE UL cancelation mechanism is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing. Either PDCCH or sequence can be considered as potential options for the UL cancelation indication. If PDCCH is used, either group common DCI or UE-specific DCI can be considered as potential options. If sequence is used, either group common sequence or UE-specific sequence can be considered. The monitoring periodicity for the UL cancelation indication should be configurable by the gNB and UE supporting UL cancelation indication should be able to support more than one monitoring occasions for the UL cancelation indication in a slot. If PDCCH is used, whether the UE PDCCH monitoring capability (number of CCEs/BDs per slot) should be increased is to be further investigated. The UE processing time for UL cancelation indication should be equal or shorter than N2 defined in Rel-15 UE capability#2. Upon detecting an UL cancelation indication, UE cancels the corresponding UL transmission. The corresponding UL transmission may include an on-going UL transmission, or an UL transmission that has not been started. After cancelation, the UE may resume the transmission afterwards as one option, or may not resume the transmission afterwards as another option.

Aim to downselect the option(s) in RAN1#96 as indicated in the above text (including no additional enhancements related to the above options due to this SI)

Agreements:
· Introduce the following TP to the TR:
Enhanced UL power control is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing. The potential enhanced UL power control may include UE determining the power control parameter set (e.g. P0, alpha) based on scheduling DCI indication without using SRI, or based on group-common DCI indication. Increased TPC range compared to Rel-15 may also be considered. Power boosting is not applicable to power limited UEs.
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 support 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.


[bookmark: _Ref525895136]Figure 1: A example of semi-static configuration of the resources with possible overlap between a grant-based and grant-free 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 should support 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: _Hlk1132213]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 cancelation indication for UL. In this case, the DCI carrying the UL cancelation 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 cancelation indication for UL.
Proposal 3: NR should support cancelation indication for UL, with the option of mini-slot level monitoring periodicity.  

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 cancelation indication on the GC-PDCCH to the eMBB UE. Finally, the eMBB UE upon receiving the UL cancelation 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 cancelation indication in GC-PDCCH for grant-based transmission.



[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 should support 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: _Hlk1132534]Proposal 3: NR should support cancelation indication for UL, with the option of mini-slot level monitoring periodicity.  

Proposal 4: NR should support dynamic resource sharing between eMBB UL and URLLC UL from different UEs using UL cancelation indication in GC-PDCCH for grant-based transmission.
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