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1 Introduction
In RAN1#95, the following were agreed for evaluations of UL inter-UE Tx prioritization/multiplexing.
	Agreements:

· Use cases

· At least Rel-15 enabled use cases should be assumed for evaluation

· 1ms air interface delay for 32bytes should be evaluated as the baseline.
· Others assumptions (e.g. 1 or 4ms for 200bytes) should be considered, if provided. 
· Evaluation of power distribution should be considered, if provided

· 2ms air interface delay is assumed
Use case
(Clause #)

Reliability (%)

Latency (ms)

Data packet size  and traffic model

Description 

Power distribution

(22.804:5.6.4 &5.6.6)
99.9999
5(end to end latency)
Note: 2-3 ms air interface latency 
DL & UL:

100 bytes 
ftp model 3 with arrival interval 100 ms

Power distribution grid fault and outage management 

Rel-15 enabled use case (e.g. AR/VR)  

99.999 

1ms (air interface delay) for 32 bytes

1 ms and 4 ms (air interface delay) for 200 bytes 
DL & UL:

32 and 200 bytes 
FTP model 3 or periodic with different arrival rates

· Traffic model

· eMBB: company can select between the following options

· Full buffer, 2 eMBB UEs per cell

· FTP model 3, 10 eMBB UEs per cell, with medium to high cell load for eMBB traffic.  
· URLLC: 

· For Rel-15 enabled use cases: 10 URLLC UEs per cell
· For power distribution: 10 URLLC UEs per cell

· Metrics

· eMBB: Cell throughput for full buffer traffic; UE perceived throughput for FTP model 3 traffic. 

· URLLC: 

· Company shall report whether maximum URLLC capacity has been reached

· URLLC metrics as previous agreement

· Option 1: Percentage of users satisfying reliability and latency requirements

· Option 2: URLLC capacity as defined in TR 38.802 with the modification as below:

-
URLLC capacity and URLLC / eMBB multiplexing capacity

-
Definition: URLLC system capacity is calculated as follows:
-
C(L, R) is the maximum offered cell load under which Y% of URLLC UEs in a cell operate with target link reliability R under L latency bound

-
X = (100 – Y) % is the percentage of UEs in outage

-
A UE in outage is defined as the UE can not meet both latency L and link reliability R bound

-
Companies report their assumption on X (e.g. 5% or 0%) 

- 
Companies report their assumption on the number of eMBB UEs deployed together with the URLLC UEs
· Rel-15 processing timeline capability #2 is used for URLLC UEs 

· The following shall be reported

· Resource utilization 

· Number of packets generated per URLLC user in the simulation

· Coupling loss CDFs of URLLC and eMBB UEs 
· Percentage of UEs in outage
· ~5% if re-dropping is not used
· 0% if re-dropping is used
· Company can optionally report

· PDCCH overhead, for example the number of cancelation indications in the simulation. 

· Detailed modelling shall be described, including at least the following

· For UL cancelation indication: UE monitoring periodicity, processing timeline, cancelation with or without resuming

· For power control: exact power control scheme, e.g. semi-static or dynamic power control with details

· Retransmission modelling


This contribution is updated version of [1]. Most contents remain same as there was little progress on this topic except for the above evaluation assumptions. Updated SLS evaluation results are provided for the agreed use cases and evaluation assumptions. 
2 Discussion
Table 1 outlines trade-offs of an UL power control based method and an UL cancelation/preemption mechanism based method to support inter-UE multiplexing. 
Table 1. Comparison between UL power control and UL cancelation mechanism

	
	UL Power control
	UE UL cancelation mechanism

	Baseline assumption
	To get the intended benefit, it is assumed that most URLLC UEs are not power/coverage limited. This is also largely unrelated to inter-UE multiplexing as an associated required power boosting is small. Further, if PDCCH/PDSCH repetitions are not supported, PUSCH is unlikely to be the coverage limiting channel and power boosting is feasible for all URLLC UEs [2].
	To get the intended benefit, it is assumed that all Rel-16 eMBB UEs support this feature and there is no Rel-15 eMBB UEs in a cell serving URLLC UEs. It is further noted that this mechanism is only applicable in case of grant-based URLLC scheduling.

	Physical channel/signal used for the signalling
	No need to define new channel/signal/DCI format - UL grant for URLLC UE is reused.
	Need to define at least a new DCI format for Rel-16 eMBB UEs.

	UE Processing timeline for the signalling
	No need to define additional processing timeline for URLLC UE. It follows PUSCH scheduling timeline.
	Need to define additional processing time for eMBB UE (e.g., PUSCH cancellation time)

	UE monitoring behaviours for the signalling
	No need to define new monitoring periodicity. It follows PDCCH monitoring for UL grant.
	Need to define additional (shorter) monitoring period for UL PI as well as monitoring period for eMBB related DCI. 

	UE PDCCH monitoring capability, if the signalling is by PDCCH
	It does not affect DCI budget and the number of PDCCH candidates/CCE budgets.
	It affects existing DCI budget and number of PDCCH candidates/CCE budgets for eMBB UE (e.g., Rel-16 eMBB UE needs more DCI budget and the number of PDCCH candidates/CCEs budgets compared to Rel-15 eMBB UE)

	Methods to ensure the reliability of the signalling
	It reuses UL grant for URLLC UE
	UL PI should have high reliability (BLER < 10-6) for eMBB UEs.

	Potential specification impact
	Rel-15 power control related parameter – additional specification impact, if any, is expected to be minimal
	New DCI format (or physical channel, signal), new processing time, new PDCCH monitoring capability, defining related eMBB UE behavior

	Feasibility and system overhead
	No issue
	Requires new designs for eMBB UEs for no benefit to eMBB UEs. System overhead may be prohibitively large.


To summarize:

· A power control based method requires minimal/no specification/implementation support and only requires that some power boosting is possible. The level of power boosting depends on the level of overlapping between URLLC PUSCH and eMBB PUSCH; typically, this overlapping does not need to be full as UL bandwidth occupancy by eMBB UEs is practically never 100%. The power boosting is possible as PUSCH is not the coverage limiting channel (assuming a gNB with >2 Rx antennas and a UE with 2 Rx antennas (700 MHz) and allowing the 3-4 dB implementation margin for a PDCCH transmission with 16 CCEs and no repetitions [2]). Even in the highly event that power boosting is not possible by a URLLC UE, a gNB can allocate a somewhat larger BW than necessary to further decrease the code rate or allocate 1 more symbol to get the effective SINR increase by a smaller code rate. 
· An UL cancellation/preemption method
· (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 
· (f) requires new and much more complex chip design for eMBB UEs without offering any benefit to eMBB UEs
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.

3 Performance evaluation 
This section provides performance evaluations for power control and UL pre-emption indication schemes in terms of “percentage of users satisfying reliability and latency requirement”. Also, UL pre-emption indication requires additional downlink resource and this is also taken into account to determine how many times UL pre-emption indication itself happens in the simulation to improve UL URLLC performance. The details of simulation assumptions are given in Table 3 in the Appendix. In the simulation, especially for UL pre-emption indication, since it is assumed that all eMBB UEs support UL pre-emption indication and cancellation processing time is zero, actual performance results will be worse than values given in Table 2. Therefore, the results in Table 2 for UL pre-emption indication is an ideal upper bound. It is also assumed that an eMBB UE cancels transmission in remaining PUSCH resources when it detects and UL pre-emption indication, that is, no pause and resume process. From Table 2, even though packet inter arrival time is 100ms, it is assumed to have shorter periodicity than 100ms due not to make longer simulation time.
Table 2. Performance evaluation results 
	
	Percentage of users satisfying reliability and latency requirements
	Average eMBB spectral efficiency

	Power control
	90.3%
	0.7751 bps/Hz

	UL pre-emption indication (ideal)
	92.5%
	0.6571 bps/Hz


As shown in Table 2, UL pre-emption indication improves the percentage of UEs satisfying reliability by about 2% (under ideal assumptions) while degrading eMBB spectral efficiency by about 15%. This is because UL pre-emption indication cancels eMBB UE transmission and also increases general packet transmission delay. 

Observation 1: Power control shows improved average eMBB spectral efficiency relative to UL pre-emption indication by about 15% (under ideal assumptions for UL pre-emption indication).

Observation 2: Power control shows a slightly worse performance than UL pre-emption indication by about 2% regarding percentage of UEs satisfying reliability and latency requirements under ideal assumptions for UL pre-emption indication. 

Observation 3: If some eMBB UEs do not support pre-emption indication monitoring in the simulation, performance results for pre-emption indication will be worse than the values in Table 2.
Observation 4: For non-zero processing time for per-emption indication in the simulation, performance results will be worse than the values in Table 2.
It is noted that in the simulation, the number of pre-emption indications is observed to happen around 800 times for cancelling pre-scheduled eMBB PUSCH. Assuming that each pre-emption indication is transmitted once per slot, about 8% of simulation time is used for transmitting UL pre-emption indication. If pre-emption indication is by a UE-specific DCI format, transmitting multiple DCI formats at one instance would be required to cancel multiple eMBB PUSCH transmissions. If pre-emption indication is by a group common DCI format, a large CCE aggregation level (e.g.16 CCEs) would be regularly required. Also, when a gNB transmits an UL pre-emption indication, the gNB needs to also transmit at least another DCI format for a URLLC UE and it is unclear whether sufficient resources exist in 1-2 symbols for multiple DCI formats without also significantly degrading rate matching for PDSCH transmissions to eMBB UEs. 
Observation 5: If blocking events between pre-emption indication for eMBB UE(s) and UL grant for URLLC UE(s) are also considered, performance results for pre-emption indication will be worse than the values in Table 2.
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.

In addition, the following observations are made.
Observation 1: Power control shows improved average eMBB spectral efficiency relative to UL pre-emption indication by about 15% (under ideal assumptions for UL pre-emption indication).

Observation 2: Power control shows a slightly worse performance than UL pre-emption indication by about 2% regarding percentage of UEs satisfying reliability and latency requirements under ideal assumptions for UL pre-emption indication. 

Observation 3: If some eMBB UEs do not support pre-emption indication monitoring in the simulation, performance results for pre-emption indication will be worse than the values in Table 2.

Observation 4: For non-zero processing time for per-emption indication in the simulation, performance results will be worse than the values in Table 2.
Observation 5: If blocking events between pre-emption indication for eMBB UE(s) and UL grant for URLLC UE(s) are also considered, performance results for pre-emption indication will be worse than the values in Table 2.
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Appendix

Table 3. SLS evaluation assumptions

	Power distribution (4GHz)

	Layout
	7 cell Hex. Grid (single layer)

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	4 Tx/4 Rx antenna ports 

dH = 0.5λ, dV = 0.8λ;

For 4 Tx/4 Rx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 2)
102 degree for antenna tilt

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	2 Tx/4 Rx antenna ports
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5

For 4 Rx: (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) 

For 2 Tx: (M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1)

	UE antenna height
	1.5m

	UE antenna gain
	0dBi 

	UE receiver noise figure
	9 dB

	Total transmit power per TRxP
	49 dBm 

	BS receiver
	MMSE-IRC 

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz

	UE distribution
	100% of users are outdoors 

Use 3km/h for modeling fading channel
Re-dropping for URLLC UE

	UE power control
	P0 = -100 dBm and alpha = 1.0

	eMBB traffic model
	FTP model 3 with 0.5 Mbytes 

	Number of UE in a cell
	10 URLLC UEs 

10 eMBB UEs 

	Resource utilization
	52%

	Simulation time
	10000 slots

	Generated URLLC packets
	About 1500 during simulation time


Table 4. Target use case
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size  and traffic model
	Description

	Power distribution

(22.804:5.6.4 &5.6.6)
	99.9999
	2 ms air interface latency
	UL:

100 bytes
ftp model 3 with arrival interval 100 ms
	Power distribution grid fault and outage management
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