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Discussion and decision
1 Introduction
In RAN1#95, the following were agreed to capture in TR 38.824 as potential solutions for UL inter-UE multiplexing.
	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.


This contribution is revised version of [1] and considers aspects related to UL power control and UL cancelation. 
2 Discussion
Although not extensively discussed as an UL cancelation mechanism, a sequence based method, in addition to multiple variants of a PDCCH based method, have been proposed. The advantage of a sequence based method is that it does not increase UE complexity for PDCCH monitoring (required number of PDCCH candidates and non-overlapping CCEs) and generally achieves good performance while possibly requiring small overhead. A possible disadvantage is the required new gNB/UE behavior/implementation for monitoring such sequences depending on their design. It is noted that a CSI-RS based sequence is also considered as a wake-up signal for UE power savings and, for a sequence having a CSI-RS structure, implementation complexity for Rel-16 UEs may be trivial. 
UL cancellation by a group common DCI format is relatively simple to specify and can draw from Rel-15. The DCI size can be smaller than the size of DCI format 2_0/2_1/2_2/2_3 as the UE monitors the latter DCI formats with slot-based periodicity. If a UE-group common DCI format for the purposes of UL cancellation is considered with relatively long periodicity, such as half slot, a same size as Rel-15 UE-group common DCI formats is obviously advantageous. A UE-group common DCI format can provide more information (e.g. for affected time-frequency resources) than a sequence but it is unclear whether this additional information can offer a material benefit given that URLLC transmissions are wideband (unlikely that a PUSCH transmission will not be at least partially colliding in frequency). Also, for sporadic URLLC traffic, it is unclear whether resuming a PUSCH transmission after the potential collision would be beneficial enough to justify the additional specification and is likely to be an optional UE feature to another optional UE feature (UL cancelation). 
UL cancellation by a UE specific DCI format introduces an additional UE-specific search space for a UE to monitor a DCI format only for cancellation. The required UE complexity increase for PDCCH monitoring is increased several times over Rel-15 (particularly for the number of non-overlapping CCEs as the target BLER needs to potentially be in the order of 10-7) and PDCCH blocking is also likely to be another limitation. 
The additional UE complexity for UL cancelation by a UE-group common DCI format (a UE-specific DCI format is not further considered) depends on the monitoring periodicity of the UE-group common DCI format which in turn depends on the target latency of the URLLC PUSCH transmission, the URLLC PUSCH preparation time, and the eMBB PUSCH cancellation time. The PUSCH preparation time may not be reduced compared to Rel-15 while the PUSCH cancellation time can be somewhat reduced and thereby facilitate introduction of UE-group DCI format for UL cancellation. It has been argued that a relatively small CCE aggregation level can be used for the PDCCH transmission with the UE-group common DCI format. However, in practice this is unlikely due to the UE-group specific nature of the DCI format, the absence of CSI feedback for PDCCH, and the requirement for robustness to achieve a target BLER in the order of 10-7 in order to avoid an impact on a 10-6 reliability target for URLLC. Assuming a 16 CCE aggregation level, a same or somewhat reduced PUSCH cancelation time, and PDCCH monitoring periodicity of 2 symbols (15 kHz) for URLLC PUSCH scheduling, an eMBB UE needs to perform channel estimation over more than double the Rel-15 number of non-overlapping CCEs per slot. Even though an increase in the number of Rel-15 non-overlapping CCEs per slot is possible (for small SCS), a 2x or larger increase is not possible and, for UEs also supporting URLLC services, any increase is likely to be required for URLLC-related, symbol-based, PDCCH monitoring. 

In conclusion, UL cancelation by a PDCCH or by a sequence has some fundamental drawbacks:

a) Requires prohibitive UE complexity to be generally useful (for PDCCH)
b) Is not supported by legacy UEs

c) Does not benefit eMBB UEs that will need to implement it in order to benefit another class of UEs   

d) Is not applicable to grant-free PUSCH transmissions

UL power control relates only to URLLC UEs. Rel-15 already supports indication of different power control settings (through the SRI field) and, if the SRI field does not exist, it can be introduced. Therefore, gNB/UE implementation support is already a given and specification support is marginal, if any. It has been argued that power limited UEs may not be able to boost the power enough to overcome interference from eMBB PUSCH. It is unclear whether this is the case as it is unclear whether the UE coverage limitation is with respect to PUSCH transmissions. Even so, the remedy for a power limited UE to achieve a desired BLER is for the TDRA to indicate a larger number of symbols to achieve a lower coding rate. Latency is impacted but an additional ~2-4 symbols and only for coverage limited UEs and only when there is substantial eMBB interference (UL BW occupancy from eMBB UEs is practically never 100%) is unlikely to have a material impact. 
Proposal 1: Specify UL power control enhancements, if necessary, for Rel-16 URLLC UEs.
For URLLC grant-free PUSCH transmissions and assuming slot-based scheduling for eMBB PUSCH transmissions (non-slot based eMBB PUSCH, if any, will need to avoid GF-PUSCH resources), protection can be provided by the gNB indicating per slot, though a UE-group common DCI format, the resources used for eMBB PUSCH in a slot. Then, a URLLC UE can select resources that do not experience eMBB interference. This is similar to DL preemption indication with the only difference being that the preemption is in the present/future and not the past. The indication can be at least in the frequency domain and may also be considered for the time domain to capture SRS transmissions (e.g. PUSCH transmissions may occupy a smaller BW than SRS transmissions). If all GF resources for a UE experience interference, the same mechanism as for grant-based URLLC PUSCH transmissions can apply and the UE can increase the URLLC PUSCH transmission power. 

Proposal 2: Support a UE-group common DCI format transmitted with slot-based periodicity and indicating to URLLC UEs resources experiencing UL interference.

Proposal 3: Support increased power for GF-PUSCH transmissions from URLLC UEs in resources indicated to URLLC UEs as experiencing UL interference.

Finally, there was a little discussion on SLS evaluation results provided by components in last RAN1 meeting. Like LLS evaluation results, SLS evaluation results been submitted by all components should be captured in eURLLC TR to see the benefit and pros/cons of UL cancelation mechanism and UL power control scheme, respectively, based on performance metrics that were defined in this SID during following-up WID phase.
3 Conclusions
This contribution considered uplink inter-UE multiplexing for services having different reliability and latency requirements and proposes the following. 
Proposal 1: Specify UL power control enhancements, if necessary, for Rel-16 URLLC UEs.
Proposal 2: Support a UE-group common DCI format transmitted with slot-based periodicity and indicating to URLLC UEs resources experiencing UL interference.

Proposal 3: Support increased power for GF-PUSCH transmissions from URLLC UEs in resources indicated to URLLC UEs as experiencing UL interference.
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