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1 Introduction
In last RAN plenary meeting, new WID for eURLLC [1] was approved for enhancing PDCCH/PUCCH/PUSCH /PDSCH as well as inter-UE multiplexing for UEs supporting different reliability and latency.
	Detailed objectives of the work item are the following:
· Specification of PDCCH enhancements [RAN1]

· DCI format(s) with configurable sizes for some fields, with a minimum DCI size targeting a reduction of 10~16 bits relative to Rel-15 DCI format 0_0/1_0 and a maximum DCI size that can be larger than Rel-15 DCI format 0_0/1_0, and provide the possibility to align with the size of the DCI format 0_0/1_0 (including possible zero padding if any) 
· Increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for at least one SCS subject to restrictions including, but not necessary limited to, those identified in TR 38.824. Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) can be further considered.
· Specification of UCI enhancements [RAN1]

· More than one PUCCH for HARQ-ACK transmission within a slot
· At least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE
· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]

· For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· Specification of enhancements to scheduling/HARQ [RAN1]

· Out-of-order HARQ-ACK associated with PDSCHs with different HARQ process IDs
· Out-of-order PUSCH scheduling associated with different HARQ process IDs, including overlapping PUSCHs and non-overlapping PUSCHs in time-domain
· Methods to handle DL data/data resource conflicts for overlapping PDSCHs in time-domain, scheduled by dynamic DL assignments 
· Specification of enhanced inter UE Tx prioritization/multiplexing [RAN1]

· UL cancelation scheme (see section 7.2.1 in TR 38.824) 
· Enhanced UL power control scheme (see section 7.2.2 in TR 38.824)  
· Specification of enhanced UL configured grant transmission [RAN1, RAN2]

· Multiple active configured grant type 1 and type 2 configurations for a given BWP of a serving cell 
· Note: V2X use cases are also considered 


This contribution discusses on how to specify enhanced inter UE prioritization/multiplexing and whether or not it needs to prioritize one rather than others.  
2 Discussion
From the approved TR [2], many companies had provided LLS evaluation results when some of eMBB PUSCH are collided with URLLC PUSCH depending on a set of MCS levels, receiver schemes and DMRS assumptions. Regarding DMRS assumptions, it is explained in [2] that case-1 DMRS assumption means orthogonal DMRS for the collided users and no interference on DMRS of one UE caused by data from another colliding UE, case-2 DMRS assumption means there is interference on DMRS of one UE caused by data from another colliding UE. Furthermore, those are two kinds of tables showing URLLC performance loss and eMBB performance loss when eMBB PUSCH and URLLC PUSCH are collided each other in comparison to non-collision case. In [2], some companies observed significant performance loss such as error floor for both eMBB and URLLC performance, these cases are limited in case of high MCS levels and case-2 DMRS assumptions. On the other hand, it shows marginal performance loss such as 0 ~ 1dB in case of case-1 DMRS assumption and especially, lower/medium MCS levels. Even if SID phase discussed briefly some solutions for UL cancellation mechanism, it is observed in [2] that URLLC/eMBB performance loss can be relaxed by gNB scheduling without using uplink preemption indication for eMBB UE. 
Observation 1: URLLC/eMBB performance loss can be relaxed by gNB scheduling without using uplink preemption indication for eMBB UE.
Regarding UL cancellation mechanisms for eMBB UE, multiple options have been proposed and pros/cons of them can be summarized as following table. 
Table 1. Pros/Cons comparisons for candidate schemes enabling UL cancellation

	UL cancellation mechanism
	Advantage
	Disadvantage

	(Group or UE-specific) Sequence based method
	· No impact of increasing PDCCH monitoring such as required number of PDCCH candidates and non-overlapping CCEs per slot
· Highly achievable reliability with low overhead due to no CRC compared to PDCCH
	· New gNB/UE behavior for monitoring sequence (with shorter than slot monitoring)
· Coexistence/multiplexing issue between new sequence and existing signaling

	UL cancelation indication (Group common DCI)
	· Likely to make same size with Rel-15 UE group common DCI (e.g., DCI format 2_0/2_1/2_2/2_3)

· Less signaling overhead than UE specific DCI if URLLC UE punctures multiple PUSCH resources allocated to some eMBB UEs
· Provides more information (e.g., time/frequency resource) compared to sequence based method
	· Highest AL of 16 might be always required to approve sufficient reliability (about ~10-7) to a group of eMBB UE to take some actions. 
· Another DCI needs to retransmission if some of eMBB UEs stop transmitting scheduled PUSCH.
· Potential impact on high PDCCH blocking issue 
· Shorter than slot monitoring period not to affect URLLC latency budget

	UL re-scheduling indication (UE specific DCI)
	· One DCI can have a role of cancelling PUSCH transmission and reallocate new PUSCH resources to a eMBB UE (a.k.a. in [2])
	· Highest AL of 16 might be always required to approve sufficient reliability (about ~10-7) to an eMBB UE to take some actions

· Highly likely to have huge signaling overhead when URLLC UE punctures multiples PUSCH resources allocated to some eMBB UEs
· Shorter than slot monitoring period not to affect URLLC latency budget

	UL continuation indication
	· It might require less reliability requirement (about 10-1 or 10-2) because this indication decides whether or not eMBB PUSCH transmission should be kept.
	· Huge signaling overhead and higher PDCCH blocking probability if no preemption happens (that is normal and frequent cases in real scenario) as eMBB UE needs to monitor UL continuation indication to keep PUSCH transmission


Regarding PDCCH overhead, some companies had 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. Beside as potential enhancement for UL inter UE Tx priotitization/multiplexing mentioned in Table 1, UL 

Actually, as mentioned in previous contribution [3], UL cancelation by a PDCCH or by a sequence has some fundamental drawbacks as follows:
a) is not a solution for PUSCH transmissions from Rel-15 UEs
b) is not a solution for configured UL transmissions, such as SPS PUSCH or SRS, from eMBB UEs 
c) requires extensive specification support at least for a new DCI format/signal and new UE processing timeline 
d) it affects eMBB UE operation as it materially impacts the already stressed budget for PDCCH candidates and, particularly, non-overlapping CCEs than an eMBB UE can monitor per slot
e) requires significant resource overhead by the network to achieve a BLER of 10-7 or smaller which is not feasible with 16 CCE aggregation level, a UE with 2 Rx antennas, and 3-4 dB implementation margin 
Besides table 1, there is another issue whether or not PUSCH resuming is necessary or not. In view of URLLC traffic having sporadic characteristics, 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). Therefore, due to specified reasons, UL cancellation schemes (having impact to eMBB UE) should be deprioritized than other enhancement schemes in WID. 
Proposal 1: UL cancellation scheme for impacting eMBB UE should be deprioritized 
For enhanced UL power control scheme for URLLC UE, some options have been proposed in SID and are captured in [2]. Following table 2 shows pros/cons of candidate UL power control schemes.
Table 2. Pros/Cons comparisons for candidate UL power control schemes
	Enhanced UL power control scheme
	Advantage
	Disadvantage

	Dynamic power control
(UE-specific DCI)
	· No additional DCI signaling as gNB can schedule URLLC PUSCH indicating power boosting via SRI or dynamic power related parameters
	· Power limited case

	Enhanced TPC command

(Group-common DCI)
	· No merit compared to dynamic power control regarding signaling overhead
	· Power limited case


As mentioned previously, URLLC/eMBB performance loss can be relaxed by gNB scheduling without using uplink preemption indication for eMBB UE and reuse Rel-15 power control framework or enhanced power control scheme identified in Table 2. So, UL inter-UE multiplexing/prioritization can be quite supported in Rel-16 with minimal specification effort.
There is another motivation to enhance to improve UL power control. In case of sporadic URLLC traffic, gNB does not expect when to receive URLLC PUSCH from UE. That’s why group common TPC command like DCI format 2_2 is not proper. So, it is evident that UEs entirely rely on TPC command on DCI format 0_0/0_1 or other potential new DCI format to schedule dynamic grant for PDSCH or PUSCH. As mentioned in our companion contribution [4], therefore, it needs to increase TPC command bit size to give more chances of fine tuning to URLLC UEs having sporadic traffic. Since uplink inter-UE multiplexing between URLLC UE and eMBB UE are mostly happened in which URLLC traffic shows sporadic, there is less motivation to have enhanced group common TPC command like DCO format 2_2 than DCI format UE specific TPC command like DCI format 0_0/0_1. Although it mentioned power limited cases as disadvantage of UL power control scheme and it have shown concern from other companies as it might have worse performance, but, it can be resolved by scheduling more time/frequency resources to URLLC UE to overcome interference by eMBB UE as gNB controls whole scheduling events. From the argument on eMBB performance degradation through enhanced power control scheme, uplink cancelation mechanisms are likely to give infinite interference to eMBB UE by canceling or pausing whole or partial eMBB PUSCH resources. 
Proposal 2: Prioritize on specifying UE specific UL power control enhancements, for Rel-16 URLLC UEs.

Regarding uplink case, to reduce latency, grant-free URLLC PUSCH transmission is more general scheme rather than dynamic grant based URLLC PUSCH transmission. It is highly likely that gNB allocates grant-free URLLC PUSCH resources frequently in order to reduce transmission alignment. However, if there are many URLLC UEs in a cell, resources would be not used flexibly to eMBB UEs. So, there is high possibility that gNB may schedule eMBB PUSCH on grant-free resources configured for URLLC UE because some URLLC traffic does not happen frequently and may have sporadic. In that case, it should consider how to protect grant-free URLLC PUSCH transmission in which some resources are already dynamically scheduled for other eMBB UEs. For the case that all grant-free resources are already occupied by other eMBB resources, it is possible that URLLC UE increases power for grant-free PUSCH transmission to minimize interference impact. Since it is likely that URLLC UEs have more frequent PDCCH monitoring than eMBB UEs, UE group common DCI will let URLLC UEs know occupancy events and then URLLC UEs will select properly resources not scheduled by other UEs. In comparison with DCI format 2_1 indicating past pre-emption information used for eMBB UEs, newly considered UE group common DCI indicates present or future pre-emption information used for URLLC UEs. It is noted that it only affects URLLC UEs, not eMBB UEs that is main difference to other UL cancelation mechanism. 
Proposal 3: Support a UE-group common DCI format transmitted with slot-based periodicity and indicating to URLLC UEs resources experiencing UL interference.

Proposal 4: Support increased power for GF-PUSCH transmissions from URLLC UEs in resources indicated to URLLC UEs as experiencing UL interference.

3 Conclusions
This contribution considered uplink inter-UE multiplexing for services having different reliability and latency requirements and proposes the following. 
Observation 1: URLLC/eMBB performance loss can be relaxed by gNB scheduling without using uplink preemption indication for eMBB UE.
Proposal 1: UL cancellation scheme for impacting eMBB UE should be deprioritized 

Proposal 2: Prioritize on specifying UE specific UL power control enhancements, for Rel-16 URLLC UEs.

Proposal 3: Support a UE-group common DCI format transmitted with slot-based periodicity and indicating to URLLC UEs resources experiencing UL interference.

Proposal 4: Support increased power for GF-PUSCH transmissions from URLLC UEs in resources indicated to URLLC UEs as experiencing UL interference.
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