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1. Introduction
In previous meetings, followings are agreed relevant to UL inter-UE TX prioritization for URLLC [1,2]:
	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.
Agreements:
· Case-1 DMRS assumption: 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: There is interference on DMRS of one UE caused by data from another colliding UE



In this contribution, we provide our view and evaluation results on inter-UE UL multiplexing. Particularly, we evaluate link-level URLLC performance according to different resource allocation and different power offsets, and evaluate also eMBB performance according to resource allocation of interferer. This contribution is revised from R1-1902049

2. Discussed method for Inter-UE UL resource sharing
For previous meetings, several schemes have been discussed for inter-UE uplink multiplexing. Considering what has been discussed so far, now we have two category as following
· UL cancelation indication 
· Muting or decreasing transmit power of on-going transmission when another PUSCH occurs
· Power control
· Boosting transmit power when it overlapped with pre-scheduled PUSCH
In a broad sense, only one thing different is the target of changing transmit power. UL cancelation indication needs to change transmit power of UE served with urgent traffic and power control scheme needs to change transmit power of on-going PUSCH transmission which may convey latency-tolerant traffic. This difference can decide some aspects of those schemes. 
Firstly, the target to change means the target to be signaled. It should be considered to determine signalling method of each scheme. Considering our representative use-case for URLLC evaluation, urgent aperiodic traffic has relatively small traffic arrival rate. For example, Power distribution scenario has aperiodic URLLC traffic of 100ms inter-arrival-time. It means that, for each slot in 30 kHz system with 10 UE per cell, URLLC traffic would occur with 4.88% probabilities in our scenario. In other words, if we use semi-static signalling method for non-URLLC UE, the system may suffer from drawbacks in roughly 95.12% case; the changing is useful only with URLLC traffic. On the other hand, it could be reasonable to use semi-static signalling method for URLLC UE if URLLC aperiodic traffic is not frequent. Moreover, these scheme may applicable to Rel.16 UE only, it could be more appropriate to control URLLC UE only for Rel.16 URLLC situation. Meanwhile, boosting transmission power may not be always possible for UEs in power limited case (e.g., cell edge UE). Especially when a UE use short duration PUSCH due to latency or limited resource, it is easy for the UE to fall in power limited situation. In addition, it is necessary to study how to handle inter-cell interference as well.
From those point of view, we can think different useful situation for each scheme: 
· UL cancelation indication: 
· This scheme is highly useful for the scenario where UEs are serviced for both eMBB and URLLC (i.e., serviced with multiple different QoS levels), it is likely that most UEs in the network are also serviced for both scenarios.
· It would depend on dynamic signalling. Based on this assumption, this scheme is useful to service a traffic having few milliseconds latency requirement.
· Power control
· This scheme is suitable for the URLLC scenario having legacy eMBB UE in service area.
· This scheme may have inter-cell interference and may not applicable to a UE in power limited case. So it could be useful for controlled situation like automated factory. 
Considering these scheme with listed aspects, it can be considered to support both techniques for different scenarios and various situation. Supporting both techniques may allow the network more flexible management of resources. Since UL cancelation doesn’t affect to inter-cell interference and can be used regardless of power headroom of UEs, the network may perform UL cancelation whenever possible. On the other hands, the network is still able to control transmit power dynamically or semi-statically. In case that preemption cannot be performed, it is possible to increase URLLC UL power dynamically or in advance with semi-static manner. By this way, reliability can be maintained without causing considerable negative impact on inter-cell interference. 
 Proposal 1: For various URLLC service, support both UL cancelation indication and URLLC power control scheme for inter-UE UL resource sharing
· At least up to traffic requirement, One or both of schemes can be used selectively
· FFS: the detail of how to utilize both schemes
3. Possible enhancement of UL cancelation indication 
For UL cancelation indication, some UEs need to change a part or whole of pre-scheduled UL resource by explicit indication so that gNB give higher priority to urgent transmission by the indication. Since it is not possible to expect what will be pre-scheduled UL resource when URLLC traffic comes, it is better to consider various Uplink resources, such as PUCCH resources for periodic CSI, PUSCH for SP-CSI, SRS, HARQ-ACK, PRACH and UL-SCH, as pre-scheduled UL resource.
In this sense, we can consider to signal explicit resource information to indicate pre-scheduled UL resource. For example, we can re-use DL preemption indication in release 15 specification. By defining/configuring proper reference resource, UE can be indicated any type of resource in a resource grid. 
When UE get indication of UL resource cancelation, the UE behavior on the cancelled resources should be clarified. It is simple to drop ‘entire’ UL transmission in a slot if it’s partially or fully overlapping with indicated resources. However this can be very inefficient particularly if reserved resource spans only one or two OFDM symbols. Alternatively, if phase continuity can be maintained, we can consider to allow discontinuous transmission in time domain where discontinuity should not exceed the number of OFDM symbols to keep the phase continuity. At least when puncturing occurs in the last part of resource, shorter transmission with puncturing in the last few OFDM symbols can be considered. This approach may be possible for PUCCH/PUSCH whereas SRS and PRACH should be entirely dropped. When this approach is used for PUCCH/PUSCH, further consideration on DM-RS handling is necessary. To preserve DMRS resource elements, following options can be considered:
· Option 1: A victim UE assumes that DMRS would not be preempted regardless of puncturing indication. A victim UE transmits DM-RS as scheduled unless the entire transmission is dropped.  
· Option 2: When PI indicates that DMRS symbol/RE is preempted, victim UE drop whole transmission associated with that DMRS. 
As Option 1 limits scheduling flexibility for URLLC, we can simply consider Option 2 if PUCCH/PUSCH can be partially transmitted. 
Proposal 2: Upon receiving a puncturing indication on a resource, 
· For PRACH/SRS
· Drop entire transmission
· For PUCCH/PUSCH
· Further consider dropping overlapping OFDM symbols only as long as puncturing is not overlapping with DM-RS. If puncturing overlaps with DM-RS resource, drop the entire transmission. 
Lastly, when group-common signalling is used for this method, it is difficult to align same UL BWPs among sharing the same group common channel. This can be done by network configuration, however, it will restrict considerably on UL BWP configuration or grouping UEs to the same group. In this sense, we propose to also consider adopting configurable reference resource in frequency domain. In terms of time resource, UL cancelation indication can refer the resources from the next OFDM symbol of end of PDCCH carrying group common to the OFDM symbol of next PDCCH carrying a group common. Considering processing time on group common and UE processing time to adjust power, additional delay can be also considered so that reference time has some offset from PDCCH carrying a group common signalling.
Proposal 3: The reference frequency location of UL PI is configured by higher layer. The reference time domain is determined with consideration of UE processing time. 
4. Possible enhancement of power control for UL multiplexing
As described above, it is possible to control transmit power both dynamically and semi-statically. However, at current stage, it is not clear whether UE can differentiate traffic type by UL grant. Regardless of signalling method, in order to determine different transmit power, a UE has to be given information/instruction from gNB. 
According to specification of Rel. 15, a UE can be configured with two power control loops which can be indicated by SRI field if present, and thus dynamic UL power boosting is supported in some extent, however, this is not always feasible. So, it would be necessary to investigate how to support dynamic UL power boosting especially for configured grant based URLLC. 

5. UL multiplexing between grant-based UL and grant-free UL 
PUSCH transmission triggered by configured grant has several uniqueness compared to PUSCH by dynamic grant. Firstly, there is no way for the gNB to know in advance the UE transmissions on the configured PUSCH. Secondly, configured grant is treated as measurement resource in perspective of slot format. 
To minimize specification burden, we can reconsider mechanisms which are discussed in above. In case of grant-based URLLC and grant-free eMBB traffic, a gNB has to indicate an existence of URLLC traffic at every grant-free resource. If URLLC traffic is not frequent, the side effect on eMBB UE may not be a big deal. Meanwhile, When a UE transmits URLLC UL via configured uplink resource, the discussed preemption mechanism may not be effective as the network may not know the transmission in advance. Moreover, grant-free resources may have shorter periodicity to meet its low latency requirement than its actual traffic arrival. Therefore, it is impossible to indicate potential URLLC transmission on every grant-free resource. For the same reason, both decreasing eMBB power and increasing URLLC power seems not suitable. In this point of view, at least for grant-free URLLC case, it is thus generally assumed that grant-free UL resources are dedicated or efficient multiplexing via MU-MIMO/superposition is used based on the network configuration.
Proposal 4: For grant-free UL transmission, it is necessary to investigate how to apply UL multiplexing mechanisms being discussed for grant-based UL transmission.

6. Link-level simulation results
In order to investigate the impact on PUSCH performance due to inter-UE multiplexing, we perform link-level simulation where two independent links are generated with the same property and different SNR offsets. And, it is assumed that eMBB and URLLC PUSCH are decoded from multiplexed signals with receiver noise respectively. Detailed evaluation assumptions are listed as table in Appendix.
To see various factor affecting PUSCH performance, we evaluate different MCSs, symbol durations for URLLC and evaluate different TX power offsets of URLLC relative to eMBB. The number of resource block for URLLC is selected by symbol duration in order to set target transport block size. In figures, SNR means target SNR of each link. 
Figure 1 shows URLLC performance with/without URLLC power boost and with/without interference from eMBB when symbol duration is 2 OFDM symbol. As seen, how much BLER performance is degraded depends on MCS value. For example, figure 1 shows that error floors occur when eMBB is overlapped if MCS10 is used for URLLC. Particularly, error floor still exists even when URLLC power is boosted. We summarize power boosting gain in Table 1 for both cases.
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Fig 1. URLLC BLER Performance (2 OFDM symbol)
	MCS
	Required SNR for URLLC 10-4 BLER
(URLLC only, baseline)
	Required SNR for URLLC 10-4 BLER when colliding with eMBB (no power difference)
	Required SNR for URLLC 10-4 BLER when colliding with eMBB (3dB power boost on URLLC)

	(2, 64/1024)
	-7.2dB 
	-5.7dB
(1.5dB loss)
	-6.5dB
(0.7dB loss)

	(2, 308/1024)
	1.3dB
	Error floor
	Error floor


Table 1. Require SNR differences of URLLC according to eMBB power (2 OS URLLC)
Observation 1: URLLC transmission with MCS3 (2, 64/1024) would have about 1.5 dB performance degradation where eMBB transmission is overlapped with same power
Observation 2: URLLC transmission with MCS3 (2, 64/1024) would have about 0.7 dB performance degradation where eMBB transmission is overlapped with 3dB offset
Observation 3: URLLC transmission with MCS10 (2, 308/1024) wouldn’t satisfy 10-5 reliability where eMBB transmission is overlapped with up to 3dB offset

Figure 2 shows eMBB BLER performance with different URLLC TTI without URLLC boost given eMBB TTI is fixed to 14 OS. It is noted that long TTI exactly means the small amount of resource allocation in frequency domain due to fixed target TBS and MCS. We can find that there is no big difference but 7 symbol URLLC case brings slightly better performance. It is expected that there is a small side effect when interference distributed in time-domain. 
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Fig 2. eMBB BLER Performance with different URLLC TTIs 

Figure 3 shows eMBB BLER performance with different URLLC MCS and different power offsets. It is noted that low MCS exactly means the large amount of resource allocation in frequency domain due to fixed target TBS and TTI. When URLLC transmit power is boosted with 3dB offset, eMBB performance is quite degraded. Especially, when URLLC transmission occupies whole resource blocks of eMBB resource only during 2 OFDM symbols, eMBB transmission cannot reach 10-1 BLER target even with same power. When URLLC transmission occupies 22 resource blocks from eMBB resource during 2 symbol, eMBB transmission can meet 10-1 BLER target. However, in case of URLLC power boost, BLER performance is highly degraded and error floor occurs at 10-2 BLER. 
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Fig 3. eMBB BLER Performance with different URLLC MCSs and power boost

	URLLC MCS
	Required SNR for URLLC 10-1 BLER 
(eMBB only, baseline)
	Required SNR for eMBB 10-1 BLER when colliding with URLLC (No power difference)
	Required SNR for eMBB 10-1 BLER when colliding with URLLC (3dB power boost)

	MCS 3 (2, 64/1024)
	2.5dB
	3.4 dB (0.9 dB loss)
	5dB (2.5 dB loss)

	MCS 10 (2, 308/1024)
	2.5dB
	Error floor
	Error floor


Table 2. Require SNR differences of eMBB according to URLLC power (2 OS URLLC)

Observation 4: eMBB transmission with MCS12 (4, 434/1024) wouldn’t satisfy 10-1 reliability when URLLC occupies whole resource block during 2 OFDM symbols.
Observation 5: eMBB BLER performance is highly degraded when overlapped URLLC power is boosted. 

7. Conclusion
In this contribution, we discuss on method for sharing uplink resource between transmissions having different requirements. Our proposals are as follows:
Proposal 1: For various URLLC service, support both UL cancelation indication and URLLC power control scheme for inter-UE UL resource sharing
· At least up to traffic requirement, One or both of schemes can be used selectively
· FFS: the detail of how to utilize both schemes
Proposal 2: Upon receiving a puncturing indication on a resource, 
· For PRACH/SRS
· Drop entire transmission
· For PUCCH/PUSCH
· Further consider dropping overlapping OFDM symbols only as long as puncturing is not overlapping with DM-RS. If puncturing overlaps with DM-RS resource, drop the entire transmission. 
Proposal 3: The reference frequency location of UL PI is configured by higher layer. The reference time domain is determined with consideration of UE processing time. 
Proposal 4: For grant-free UL transmission, it is necessary to investigate how to apply UL multiplexing mechanisms being discussed for grant-based UL transmission.
Observation 1: URLLC transmission with MCS3 (2, 64/1024) would have about 1.5 dB performance degradation where eMBB transmission is overlapped with same power
Observation 2: URLLC transmission with MCS3 (2, 64/1024) would have about 0.7 dB performance degradation where eMBB transmission is overlapped with 3dB offset
Observation 3: URLLC transmission with MCS10 (2, 308/1024) wouldn’t satisfy 10-5 reliability where eMBB transmission is overlapped with up to 3dB offset
Observation 4: eMBB transmission with MCS12 (4, 434/1024) wouldn’t satisfy 10-1 reliability when URLLC occupies whole resource block during 2 OFDM symbols.
Observation 5: eMBB BLER performance is highly degraded when overlapped URLLC power is boosted. 
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A. Appendix: Simulation assumptions
	Parameter
	Value

	Carrier frequency for evaluation
	4 GHz

	Channel model
	TDL-C (delay spread: 300ns) as in 38.901

	UE speed
	3 km/h 

	BS antenna configuration
	4 Tx antenna ports 

	UE antenna configuration
	4 Rx antenna ports

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE-IRC

	DMRS colliding
	Case-2 DMRS for URLLC

	Time domain resource allocation 
	For eMBB: (0, 14) 
For URLLC: (5, 2) , (4,4), (4,7) 
Note: (S, L) means L duration and start with Sth OFDM sym. 

	Frequency domain resource allocation
	For eMBB: 106RB
For URLLC
    MCS3: 106, 46, 24 RBs for 2, 4, 7 OS, respectively
   MCS10: 22, 10, 5 RBs for 2, 4, 7 OS, respectively

	Target TB size
	URLLC: 32 bytes(MCS3, MCS10 of low64QAM table)
eMBB: 3536 bytes (MCS12 of existing 64QAM table)

	URLLC power offset
	0dB or 3dB

	Transform precoding
	No
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