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Discussion and decision
1 Introduction
From RAN1#94 and 94bis, following were agreed regarding the study of UL inter-UE Tx prioritization/multiplexing.
	RAN1#94 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
RAN1#94bis Agreements:

· Potential UL power control enhancements are to be studied further:

· Enhanced dynamic power boost for URLLC UE

· Dynamic change of power control parameters, e.g. P0, alpha without SRI configured

· Enhanced TPC, e.g. increased TPC range, finer granularity

· Currently, the need of URLLC UE power change during one transmission instance is not envisioned

· Study the Enhanced dynamic power boost for URLLC UE, including at least the following aspects

· Feasibility of boosting UE power in power limited or interference limited scenarios

· Physical channel/signal used for the signalling 

· UE Processing timeline for the signalling

· UE monitoring behaviours for the signalling

· UE PDCCH monitoring capability, if the signalling is by PDCCH

· Methods to ensure the reliability of the signalling

· Type of gNB receiver should be reported

· Note:

· Other power control enhancements are not precluded. 

· No change of eMBB UE power control scheme is assumed in this study.


This contribution is updated version of [2]. Most contents/arguments remain same as there was little progress on this topic. This contribution further includes a comparison between a power control based method and an UL cancellation mechanism based method considering aspects such as physical channel/signal, UE monitoring behavior, and so on. Also, this contribution provides SLS evaluation results considering agreed use cases and evaluation assumptions. 
2 Discussion
Table 1 outlines trade-offs of an UL power control based method and an UL cancelation mechanism based method to support inter-UE multiplexing. 
Table 1. Comparison between UL power control and UE UL cancelation mechanism

	
	UL Power control
	UE UL cancelation mechanism

	Baseline assumption
	To get intended benefit, it is assumed that most of URLLC UE may not be in power/coverage limited channel. This is also largely unrelated to inter-UE multiplexing as an associated required power boosting is small
	To get 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 service. It is noted that it 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 UE.

	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 be designed with high reliability (up to 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.


For baseline assumption, power control scheme may be applicable in where URLLC UE can boost power level. However, it first 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 eMBB 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. In general, there is a path-loss value that, when exceeded, URLLC services with the strictest latency/BLER targets cannot be supported. Interference from eMBB has a small impact on that path-loss value since URLLC transmissions are with low code rate and high power and achieve BLER targets for SINRs below 0 dB (that would result for same received power between eMBB and URLLC and full overlapping).   
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. Compared to power control, UE UL cancellation mechanism should be applicable for all eMBB UEs to monitor UL preemption indication in order to cancel scheduled PUSCH transmission at any time. If some of eMBB UE in a cell does not support UL preemption indication (due to not supporting UL PI or due to failing to detect a corresponding DCI format), interference cannot be avoided and URLLC BLER target cannot be met. To practically avoid an impact of eMBB interference on a URLLC PUSCH transmission with BLER target of 1e-6, the BLER target for the DCI format conveying the UL PI needs to be in the order of 1e-7 or smaller. It is unclear whether a 16 CCE aggregation level can provide such BLER for low SINR UEs. Moreover, the effect of UL preemption indication seems very questionable and trivial in the environment that Rel-15 eMBB UEs will be in most of cells.
For UE processing timeline, UL cancelation mechanism may consider either new UE processing timeline for eMBB UE to cancel scheduled PUSCH transmission or new gNB processing timeline to satisfy URLLC requirement by specification. Conversely, a power control method does not need support of new UE functionalities as a URLLC UE just follows PUSCH scheduling processing timeline to control transmission power. Also, an additional 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, eMBB UEs may have other wideband transmissions, such as periodic SRS, that will also need to be dynamically cancelled.
For physical channel/signalling, UL cancelation mechanism requires a new DCI format or a new preamble to let eMBB UEs know when scheduled eMBB PUSCH is cancelled. Even eMBB UEs with SPS PUSCH transmissions, often associated with UE power savings, need to continuously monitor PDCCH. 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).
Given that the maximum number of monitoring PDCCH candidates and non-overlapping CCEs 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 eMBB UE to monitor other DCI formats. Increasing the PDCCH monitoring capability for an eMBB UE to avoid affecting monitoring for other DCI formats is highly undesirable for multiple reasons, such as implementation burden, multiple product lines, targeted markets, and cost due to the substantially increased complexity of eMBB UEs.
For the reliability of the signaling, power control method requires high reliability (e.g., 10-6) design because it should be applicable to the PUSCH scheduling for the URLLC UE. On the other hand, given that a DCI format providing an UL pre-emption indication needs to have a target BLER in the range of 10-7 in order to not affect URLLC PUSCH reliability, a 16 CCE aggregation level is a minimum one and even larger CCE aggregation levels may be required for a corresponding PDCCH at least for UEs in the lower geometry CDF regions. Feasibility and system overhead, especially if the DCI format needs to be frequently transmitted, are then major issues. 
In view of specification effort, power control methods may have minimal or no specification impact relative to Rel-15 to support UL eMBB and UL URLLC transmissions on overlapping resources. On the other hand, anUL cancellation mechanism needs considerable specification support, e.g., processing time, UE capability, PDCCH monitoring capability, and related scheduling/HARQ procedures. 
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.

Observation 2: An eMBB 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 and large system overhead that is potentially prohibitive. 
 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.

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 considers performance evaluations for the power control and UL pre-emption indication schemes. For a fair comparison, downlink control overhead for UL pre-emption indication and corresponding DCI format BLER should also be considered. However, since it is related to downlink, this aspect is omitted for simplicity and the results are optimistic for the UL pre-emption mechanism. The impact of the UL pre-emption mechanism on the additional latency for URLLC transmissions is also not considered. Also, all eMBB UEs are assumed to support the UL preemeption mechanism. 

Table 2 lists performance evaluation results considering the percentage of UEs satisfying reliability and latency requirements for URLLC and the average spectral efficiency for eMBB UEs. Simulation assumptions, performance metrics and use cases are as in Tables 3-4 in the appendix. Regarding monitoring periodicity, it is assumed that UL pre-emption indication has same periodicity as a DCI format for URLLC UEs.

Table 2. Performance evaluation results 
	
	Percentage of users satisfying reliability and latency requirements
	Average eMBB spectral efficiency

	Power control
	97.3%
	1.1915 bps/Hz

	UL pre-emption indication
	98.5%
	0.9855 bps/Hz


As shown in table 2, it is observed that UL pre-emption indication improves the percentage of UEs satisfying reliability by about 1% (under ideal assumptions) while degrading eMBB spectral efficiency by about 18%. This is because UL pre-emption indication itself may give less amount of interference to URLLC UE by cancelling eMBB UE transmission, however, it is noted that an eMBB UE achieves lower spectral efficiency as cancelled eMBB UE transmission increases general packet transmission delay. 

Observation 7: Power control shows improved average eMBB spectral efficiency relative to UL pre-emption indication by about 20% (under ideal assumptions for UL pre-emption indication).

Observation 8: Power control shows a slightly worse performance than UL pre-emption indication by about 1% regarding percentage of UEs satisfying reliability and latency requirements (under ideal assumptions for UL pre-emption indication). 

Furthermore, given that UL pre-emption indication may be transmitted to eMBB UEs when a gNB also transmits UL grant(s) to URLLC UE(s) and the corresponding PDCCHs may require 16 CCEs (or more for the PDCCH of the UL PI), blocking probability may also be an issue but this is also not considered in the evaluations. 
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: 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.

Observation 2: A eMBB 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 and large system overhead that is potentially prohibitive. 
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.
Observation 7: Power control shows improved average eMBB spectral efficiency relative to UL pre-emption indication by about 20% (under ideal assumptions for UL pre-emption indication).

Observation 8: Power control shows a slightly worse performance than UL pre-emption indication by about 1% regarding percentage of UEs satisfying reliability and latency requirements (under ideal assumptions for UL pre-emption indication). 
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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

	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
	15 URLLC UEs 

5 eMBB UEs 


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
	3 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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