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Discussion and decision
1 Introduction
In RAN1#94, the following was agreed regarding the study of UL inter-UE Tx prioritization/multiplexing.
	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


This contribution discusses above aspects for possible UL inter-UE TX prioritization/multiplexing. 
2 UE UL cancelation mechanisms 
This section considers aspects related to design of possible UE UL cancelation mechanisms to mitigate UL interference for URLLC UE. DL pre-emption indication affects only an eMBB UE if the eMBB UE does not detect the downlink pre-emption indication. However, since UE UL cancelation mechanisms are mainly used to avoid interference on URLLC UEs, if an eMBB UEs fails to detect the corresponding DCI format or signal, the URLLC UE is affected. Consequently, the target BLER for a potential DCI format providing an UL pre-emption indicator needs to be several orders of magnitude smaller than the DCI format providing a DL pre-emption indicator. 

If UL pre-emption indication for eMBB UEs is to be further studied, it is preferable to avoid introducing a new channel/signal to minimize impact on eMBB UE design (and also avoid unnecessary specifications unless a material advantage over Rel-15 choices is shown). 

Based on Rel-15 NR specifications, a UE can cancel transmission of a grant-free PUSCH based on dynamic SFI indication or dynamic DL grant subject to the N2 processing time (PDCCH to PUSCH preparation time). Therefore, a latency equal to the N2 processing time is required for a URLLC transmission to potentially support UL pre-emption indication assuming that a corresponding signalling and processing time are same as the signalling and processing time scheduling a URLLC PUSCH transmission. Further, MBB UEs may have other wideband transmissions in BW also used for PUSCH transmissions, such as periodic SRS, that will also need to be dynamically cancelled. 
Observation 1: Support of UL pre-emption for an eMBB PUSCH transmission requires an increase in latency of a URLLC transmission in the range of the N2 processing time.

There is no limit on the minimum monitoring periodicity for PDCCH in Rel-15 NR and an eMBB UE can monitor PDCCH in every symbol of every slot during a C-DRX cycle. However, this will be extremely power consuming and, for UE power savings purposes, it can happen that an eMBB UE does not monitor PDCCH in slots where the eMBB UE is scheduled to transmit PUSCH for URLLC (PDCCH monitoring for URLLC scheduling is reasonably expected to be more frequent than for eMBB scheduling). Moreover, given the fact that the maximum number of monitoring PDCCH candidates and non-overlapping CCEs budget per slot is limited, if the UL pre-emption indication is provided by a DCI format, this can have an impact on the ability of the UE to monitor other DCI formats. Given that a DCI format providing an UL pre-emption indication needs to have a target BLER in the range of 0.0001% in order to not be a factor in URLLC PUSCH reliability, a 16 CCE aggregation level is a minimum one for a corresponding PDCCH at least for addressing UEs in the lower geometry CDF regions. Then, considering the PUSCH transmission cancellation latency and the URLLC PHY layer latency target, a UE needs to monitor such a DCI format at least every 2 symbols (for 15 kHz SCS or 30 kHz SCS). For the Rel-15 limit on non-overlapping CCEs, the UE practically cannot monitor any other DCI format. It is highly undesirable for multiple reasons, such as implementation burden, multiple product lines, targeted markets, cost  to substantially increase complexity on eMBB UEs in order to support UL pre-emption indication.
Observation 2: A MBB UE with Rel-15 implementation complexity for PDCCH monitoring cannot support signalling of UL pre-emption indication in a DCI format while satisfying latency requirements for cancellation of PUSCH/SRS transmissions as required for URLLC PUSCH transmissions.  
Observation 3: It is particularly undesirable to require a different/more complex than in Rel-15 eMBB UE implementation complexity for PDCCH monitoring in order to support signalling of UL pre-emption indication in a DCI format. 

Observation 4: Support of UL pre-emption indication would require materially larger power consumption for an eMBB UE than in Rel-15. 
Regardless of any design limitations for UL pre-emption indication signalling, its use is obviously inapplicable to Rel-15 MBB UEs and therefore cannot provide a universal solution for supporting URLLC PUSCH transmissions. Further, UL pre-emption indication signalling is inapplicable to grant-free URLLC PUSCH transmissions.
 Observation 5: UL pre-emption signalling for eMBB UEs is inapplicable for grant-free PUSCH transmissions for URLLC.

Observation 6: If URLLC PUSCH transmissions can experience interference from eMBB PUSCH/SRS transmissions, such interference is not possible to avoid for Rel-15 eMBB UEs.

Based on the above observations, the following is proposed.

Proposal 1: UL pre-emption indication for an eMBB UE to cancel PUSCH/SRS transmissions is not further studied.

3 UE UL power control 
UL power control for URLLC PUSCH transmissions is a simple scheme with minimal/no specification impact relative to Rel-15 to potentially support both UL eMBB and UL URLLC transmissions at the same resource. URLLC transmission power can be simply adjusted based on whether or not there is interference from eMBB PUSCH/SRS transmissions (unlike UL pre-emption indication, interference from PUCCH transmissions can also be addressed if needed). The URLLC PUSCH target BLER is several orders of magnitude smaller than the eMBB PUSCH target BLER and, further, URLLC PUSCH transmission is over fewer symbols than eMBB PUSCH transmission (for 15/30 kHz SCS – no issue with eMBB interference for slot-based eMBB/URLLC PUSCH transmissions for higher SCS). Therefore, a PUSCH URLLC transmission is expected to have much higher PSD than an eMBB PUSCH/SRS transmission and the additional power boosting required to overcome eMBB interference is small and can be addressed by TPC commands. If a larger range of power adjustment is required, the same approach as in Rel-15 using the SRI field can apply where, based on the SRI field indication, a different set of Po and alpha values is used. 

It has been suggested that power boosting would be inapplicable to power limited URLLC UEs. First, it needs to be established whether the PUSCH is the coverage limiting channel. If so, and this is likely for a gNB with few Rx antennas, power limitation will not be the problem only for the case that there is MBB interference, as the additional power boost would be small, but a problem that needs to be addressed in general. A same solution can apply regardless of eMBB interference. Second, eMBB interference is an overall unlikely event, particularly over the whole URLLC PUSCH transmission bandwidth, as UL bandwidth occupancy for MBB traffic is practically never 100% (or even near 100%), and such an event becomes even more unlikely if conditioned on the URLLC UE being power limited. Third, a gNB scheduler can account for a small power increase that may be required for a PUSCH transmission from a power limited URLLC UE by allocating a somewhat larger bandwidth to decrease the code rate (the PSD is anyway good enough for channel estimation accuracy to not degrade) or by allocating ~1 more symbol. 
Finally, if grant-free PUSCH transmissions for URLLC can interfere with eMBB PUSCH/SRS transmissions, an enhancement to UL power control may be needed. Alternatively, this can be left to gNB implementation by configuring a somewhat larger number of PUSCH repetitions for a URLLC UE and/or protecting some URLLC UEs from eMBB interference as UL bandwidth occupancy for eMBB traffic is typically substantially less than 100%. 

Proposal 2: Study whether any enhancement to Rel-15 power control is needed for URLLC UEs.
Proposal 3: Study the coverage limiting channel for URLLC UEs.
4 Conclusions
This contribution considered uplink inter UE multiplexing for services having different reliability and latency requirements and proposes the following. 
Proposal 1: UL pre-emption indication for an eMBB UE to cancel PUSCH/SRS transmissions is not further studied.

Proposal 2: Study whether any enhancement to Rel-15 power control is needed for URLLC UEs.

Proposal 3: Study the coverage limiting channel for URLLC UEs.
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