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Introduction
In the RAN1 AH1901 meeting, text proposals for the UL power control and the UL cancelation mechanisms have both been agreed to be captured in TR 38.824 as potential methods for UL inter-UE transmission multiplexing between eMBB and URLLC. In the preceding meeting, RAN1#95, the following agreements were made to evaluate the performance of the two schemes:

	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



In this contribution, we discuss the importance of UL inter-UE multiplexing and evaluate candidate methods for multiplexing grant-based eMBB with grant-free and with grant-based URLLC.  We simulate and compare possible schemes for performance enhancements:  
· Joint scheduling of eMBB and URLLC on orthogonal resources
· UL power control enhancements implemented in the URLLC UE(s)
· UL transmission cancelling implemented in the eMBB UEs
[bookmark: _Ref129681832]Inter-UE multiplexing of grant-based eMBB and grant-based URLLC transmission
Joint scheduling of eMBB/URLLC on orthogonal resources 
Inter-UE eMBB and URLLC UL multiplexing can be achieved by joint scheduling on orthogonal resources in TDM and FDM fashion. The eMBB and URLLC transmissions can use the same scheduling interval. These mechanisms have been agreed in Rel-15 and require no additional RAN1 standardization impact.  When a URLLC transmission is not occupying the whole bandwidth, the remaining PRBs for the same symbols can be utilized for eMBB data. 
Enhanced UL power control  
When URLLC and eMBB transmissions are scheduled on shared resources, enhancements are needed to secure a reliable URLLC reception. These enhancements can be implemented in the URLLC UE, in the eMBB UE or in both types. Due to the very high requirements for URLLC, the URLLC capacity in the cell is much lower than for eMBB and typically many more eMBB UEs are expected to be deployed than URLLC UEs. From our perspective, it is therefore more economical to tie possible enhancements to the URLLC device.
When one UE already is transmitting an eMBB PUSCH and then another UE has urgent URLLC data to be sent on the overlapping resource, a relatively higher power can be applied than for the case without an overlapping eMBB transmission. Therefore, it is possible to dynamically indicate different sets of power control parameters to the UE. The gNB would pre-configure at least two sets of open-loop power control parameters {P0 and alpha} for the URLLC UE. Then, which one to use is indicated in the scheduling DCI. 


Another possibility is to use the TPC command field to adjust the closed loop power control parameters. The value range in the current TPC table in [1] is not capable to track the change of BLER requirements of URLLC transmissions dynamically in order to efficiently compensate with the required transmission power. Thus, enlarging the range of accumulated and absolute denoted by the TPC command is also a possible enhancement. The entries could be modified and/or the TPC command could be extended with more bits. In Table 1 below, examples are given for modified accumulated and absolutevalues.
Table 1 	Modified Mapping of TPC command field
	TCP command field
	
accumulated [dB]
	
absolute  [dB]

	0
	-2
	-7

	1
	0
	-2

	2
	2
	2

	3
	5
	7



For the power control scheme, the gNB can still receive the eMBB transmissions. The URLLC transmission may affect the eMBB transmissions, but it can still be possible for the gNB to decode the eMBB TB correctly without a re-transmission. As shown in section 2.5, the multiplexed transmission of URLLC and eMBB has little performance impact on the  eMBB transmission with low MCS, and an advanced receiver, like SIC, can improve the eMBB performance even for higher MCS values.
It has been mentioned that the power control scheme may suffer from power headroom limitation especially for cell edge UEs. From the baseline simulation results in [2], one notable observation is that for UL URLLC, the cell edge UEs generally have very poor SINR in order to satisfy the R15 requirements. This is regardless if the URLLC uplink transmission is being interfered by an eMBB transmission or not, URLLC UEs should not come into power limited situations. Therefore, the power starvation issue has to be considered in general for UL URLLC, it is not restricted to the multiplexing case. Then, the question for the multiplexing case is just how much extra power headroom is needed to compensate for the eMBB interference, this should be studied further. 
Nevertheless, if URLLC still should operate at the cell edge, a lower MCS value would be used. Then, with a SIC receiver as shown in section 2.5, the URLLC UE does not need to be power boosted compared to the overlapping eMBB transmission. Its performance is similar to case when only URLLC without eMBB interference is received.  Power control for cell edge URLLC UEs is not necessary. The URLLC performance can be secured with advanced receivers and proper MCS selection. Thus, the concern that power control schemes cause increased inter-cell interference vanishes.
[bookmark: _Ref1153385]Proposal 1: In order to support inter UE multiplexing between eMBB and URLLC, an enhanced power control mechanism for the URLLC UE shall be supported, e.g.
· Dynamic indication of power control parameters
· Enhanced TPC signaling
UL Cancelation mechanism 
The basic idea of the UL cancelation mechanism is to stop an eMBB transmission which has already been scheduled when there is an incoming URLLC traffic to be scheduled on the same resources. 
Although the UL cancelation mechanism could seem to be appealing in the sense that it can eliminate the UL interference coming from eMBB UEs, there are multiple problems to be clarified and options to be down-selected.
In RAN1 AH1901 the following Text Proposal has been agreed to be captured in the TR:
	Capture the following in TR 38.824 section 7.2.1“UE UL cancelation mechanisms”
UE UL cancelation mechanism is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing. Either PDCCH or sequence can be considered as potential options for the UL cancelation indication. If PDCCH is used, either group common DCI or UE-specific DCI can be considered as potential options. If sequence is used, either group common sequence or UE-specific sequence can be considered. The monitoring periodicity for the UL cancelation indication should be configurable by the gNB and UE supporting UL cancelation indication should be able to support more than one monitoring occasions for the UL cancelation indication in a slot. If PDCCH is used, whether the UE PDCCH monitoring capability (number of CCEs/BDs per slot) should be increased is to be further investigated. The UE processing time for UL cancelation indication should be equal or shorter than N2 defined in Rel-15 UE capability#2. Upon detecting an UL cancelation indication, UE cancels the corresponding UL transmission. The corresponding UL transmission may include an on-going UL transmission, or an UL transmission that has not been started. After cancelation, the UE may resume the transmission afterwards as one option, or may not resume the transmission afterwards as another option.

Aim to downselect the option(s) in RAN1#96 as indicated in the above text (including no additional enhancements related to the above options due to this SI)



The first issue to be resolved is the signaling of a potential UL PI, both PDCCH based and sequence based approaches have been brought up: 
1) Reliability: The UL PI has to be designed in a way that it cannot be missed by the eMBB UE. If an eMBB UE cannot detect the UL PI, it will continue its transmission and thereby potentially destroy the URLLC reception at the gNB. Therefore, the reliability for a successful UL PI reception at the eMBB UE is of utmost  importance, it must even be higher than the reliability requirement for the URLLC operation, i.e. by far higher than all other signals that the eMBB UE is operating with.
2) Signaling design: Companies have brought up PDCCH based and sequence based options.
a) Signaling based on PDCCH. There are two sub-categories, group-common DCI or UE-specific DCI.
i. Group common DCI: Some companies propose to introduce this option. Thus, a new DCI format similar to format 2_1 would need to be introduced. This requires more standard work, including more considerations on how to design DL PI and UL PI uniformly and how to ensure the reliability to all UEs within the group. Most likely the highest possible aggregation level has to be used. But even then, it is not clear if this is sufficient for the required payload of a group common DCI. Another issue is when to monitor the group-common DCI, the eMBB UE might not want to monitor the UL PI if its PUSCH is not overlapped with the reference UL resource.
ii. UE-specific: Some companies propose to use UE-specific DCI to inform about the UL PI. An enhanced scheme is required so that gNB can reschedule a new resource for the eMBB UE with a new UL Grant. The grant should not only schedule a new PUSCH in a non-overlapping resource but also indicate to the eMBB UE to cancel the previously scheduled PUSCH. By doing this, the data of eMBB UE can quickly be transmitted in the re-scheduled PUSCH resource. Alternatively, one may re-design the UL Grant to achieve the same function as the group-common DCI, and use one extra bit or some implicit methods to indicate that the UL Grant is actually an UL PI, while the allocated time-frequency resource for the ‘virtually scheduled PUSCH’ can be interpreted as the resource on which UE should remain silent, i.e. stopping any uplink transmission. In both cases the eMBB UE cannot afford to miss this grant. Therefore, its reliability must be much higher than for the originally transmitted scheduling grant
Regardless if group-common or UE specific signaling is inetended, both methods require to define extra conditions for the UE to decide whether the previously scheduled or configured uplink transmission should be interrupted, resulting in either more extra bits in DCI or scheduling restriction.
b) Signaling based on sequence: some companies propose that if UL cancelation signaling is introduced, it should be sequence based. Indeed, the sequence design with smaller payload (without CRC) than DCI design is less complicated to take effect. It should be studied carefully which approach, i.e. DCI based or sequence based, is more economical.
3) Monitoring periodicity and PDCCH overhead. If UL PI is introduced, and if it is based on PDCCH, then the eMBB UE inevitable needs to perform more PDCCH monitoring. In addition to the UL PI DCI that has to be monitored, the cancelled eMBB transmission also has to be re-scheduled, which will further increase the number of PDCCHs that have to be transmitted. Thus, one scheduling operation of URLLC on already scheduled eMBB resources induces two more PDCCHs that have to be transmitted, one for the UL PI and one for the rescheduling of the cancelled eMBB.
For the UL PI monitoring, two options could be considered: 
a) Slot-level: the advantage of coarse monitoring periodicity is lower PDCCH overhead. But it may lead to eMBB UEs unnecessary stop/postpone transmission and it also can increase the latency for a URLCL transmission.  
b) Mini-slot-level or even symbol-level: finer granularity of indication requires much higher PDCCH overhead. If a high payload PDCCH is signaled every few symbols, this would have significant impact on system resource efficiency, as those time-frequency resources cannot be used for data transmission. Additionally, the mini-slot level or symbol level monitoring periodicity requires new and much more complex chip design for eMBB UEs without giving them any advantage for their own operation.
4) Processing time for UL cancelation: When an eMBB transmission shall be interrupted, the UL PI has to be received and processed in the eMBB UE before the start of the URLLC transmission. The timing requirements for URLLC are very stringent, thus, the eMBB has to process the UL PI signal very fast. Otherwise, it won’t be able to stop its transmission before URLLC will start. If a new UE cap#3 would be introduced for URLLC, this would make it even harder for the eMBB UE to finish the UL PI processing in time.  In addition, the timing advance should also be considered. So how the processing time be for UL cancelation should also be discussed on
a) Equal to N2
b) Shorter than N2
5) UE behavior after cancelation. Upon detection of an UL cancelation indication, the UE should cancel the corresponding UL transmission, including on-going UL transmission, or an UL transmission that has not been started. After the cancelation, the UE may or may not resume the transmission afterwards.
a) Not resume the transmission: if the canceled transmission starts over after the cancelation, the gNB would receive the entire transmission afterwards. It seems like no other impacts on the eMBB transmission apart from latency, which is not stringent to this type of transmission. However, it is a waste of the on-going-but-canceled transmission and would definitely reduce the spectral efficiency to some extent. 
b) Resume the transmission: Instead of the entire eMBB transmission being canceled, it is only paused during the URLLC traffic and then resumed again. This way may get better resource utilization, but suffer from a phase discontinuity as described in [3]. The resumed transmission decoding would fail as the previous channel estimation can no longer be used. 
If UL cancelation is to be pursued one of the above, at least 6 options should be down-selected {PDCCH group-common cancel, PDCCH group-common resume, PDCCH UE-specific cancel, PDCCH UE-specific resume, sequence cancel, sequence resume}. The final option is not to specify, which is attractive for the following reasons:
1) eMBB UEs with different capabilities: When legacy eMBB UEs that do not support UL PI are mixed with UEs that support UL PI, then the system level benefits are questionable. Legacy eMBB UEs cannot stop their transmission and their traffic would collide with URLLC. For an existing deployment of Rel-15 eMBB UEs into which an URLLC UE shall be added, it would require that all legacy eMBB UEs would be replaced. This is not economical. It is more efficient that the enhancement comes with the URLLC UE itself as proposed in the previous section. Furthermore, the utilization of UL PI requires more complex eMBB UE capabilities, such as frequent PDCCH monitoring and at least the aggressive UE processing timeline capability. 
2) Deployment in TDD: For a UE in TDD mode, the eMBB UE will not be able to transmit and listen to the downlink at the same time. Therefore, UL pre-emption indication does not work properly for these UEs. The UE needs to have a DL symbol for receiving the UL PI, but might at the time already be transmitting in the UL direction. If there are only uplink symbols during the transmission occasion, the UL PI signaling has to be delayed until the next feasible transmission occasion. Since the time budget for UL PI is stringent in order to stop the eMBB transmission, and the UL PI receiving and processing time also has to be accounted for, this extra delay could result in the URLLC transmissions starting before the eMBB UE is stopped. The UL PI scheme cannot not work for most TDD configurations.
3) Resource efficiency: The “Cancelation mechanism” would suspend the entire transmission after the indicated period which leads to a very low link efficiency. This is also observed in the simulation results shown in section 2.4. A “Re-scheduling mechanism” could also suffer from similar problems. The UL PI would not work well for use cases with a high URLLC data rate.
4) Applicability on grant-free: The UL pre-emption indication does not work when URLLC traffic is based on UL GF transmissions. This is further discussed in section 3. Since it is not possible for the gNB to know in advance whether there will be any URLLC traffic, it cannot decide when to send UL PI to the eMBB UE to stop its traffic in order to avoid collision with the URLLC grant free transmissions. 
[bookmark: _Ref1153247]Observation 1: The potential use cases for UL PI are very limited but its standardization effort and impact on UE the complexity can be severe.
· The eMBB UL PI would not work if there are legacy UEs in the network
· The eMBB UL PI would not work for most of TDD cases
· The eMBB UL PI would not work for aperiodic URLLC traffic with high data rates
· The eMBB UL PI would not work when URLLC is sent on GF resources
· Highly reliable signaling needs to be defined which can induce a high UE complexity and specification impact.
· The UE processing timeline might be impacted.
As it can be seen from the discussion above, there is a multitude of use cases that cannot benefit from potential UL PI enhancements. For the remaining cases, we have investigated how much gain could be achieved compared to the power control scheme. The results and analysis can be found in section 2.4.
System-level simulation results
To compare the performance of power control scheme with the UL PI scheme for UL inter-UE Tx multiplexing, we show the system-level simulation results as follows:  We assume a 7x3 cell deployment, in each cell, 10 URLLC UEs and 2 eMBB UEs are randomly dropped. The eMBB UE has full-buffer traffic. The subcarrier spacing is 30 kHz. 
The simulation considers 3 cases of UL inter-UE Tx multiplexing between eMBB and URLLC. We evaluate the ratio of the URLLC transmissions and the throughput for eMBB transmissions. The traffic model for URLLC in all cases is FTP model 3.
· Case1: The eMBB and URLLC are jointly scheduled on orthogonal resources and URLLC is scheduled with prioritization. 
· Case 2: The UL PI scheme is used for the multiplexing between eMBB and URLLC. 
· Case 3: The power control scheme is used for the multiplexing between eMBB and URLLC. The power offset used is 6 dB.
Scenario: R15 enabled use case AR/VR URLLC target latency 1ms, reliability 99.999% and 120 packets per second (32B) 
In this scenario, we compare the schemes for the most stringent latency requirement for URLLC, i.e. 1ms latency budget. The simulation for 30 kHz SCS is performed for UL PI scheme and power control scheme on the multiplexing of eMBB and URLLC. 
The coupling loss is shown in Figure 7 in the Appendix and the results are shown in Table 2 below, in which also the results for the UL PI scheme and Power control scheme are included.
Since for 30 kHz SCS, the scheduling unit for URLLC in the power control scheme is the same as for the UL PI scheme, their overheads are also the same and hence the URLLC capacities are similar, with the UL PI scheme showing a slight performance gain. This slight performance gain is owed to a reduced inter-cell interference. Note that in the PI scheme, the eMBB transmission would be completely cancelled when overlapping with URLLC transmission, and hence parts of the RBs would not be used by neither URLLC nor eMBB transmissions, resulting in a smaller inter-cell interference. Meanwhile, it is found that although the eMBB transmission in the PI scheme suffers from potential pre-emption due to URLLC transmission, the performance loss is very small due to the very low packet arriving rate (120 per second). For higher packet arrival rates, the eMBB throughput with UL PI would decrease. However, the eMBB throughput of UL PI scheme is evidently lower than that of the power control scheme shown in Table 2 (approximately 7% lower).
The URLLC ratios in our simulations are medium. Since in UL PI, the URLLC UEs never get interfered from other UEs within the cell, the performance actually reflects what could be achieved with “URLLC only” traffic to estimate the cell capacity of URLLC under the R15 baseline. It is seen that even for a small number of UEs with low arrival rate and small packet sizes, the URLLC requirements could hardly be reached. Therefore, URLLC enhancements are needed, to improve the baseline performance. It should be noted that, although the ratios of satisfied URLLC UEs are low in the simulation, it does not affect the relative performance comparison across schemes as long as they all experience about the same ratio. This is the case for our simulations shown in Table 2. We can see that the URLLC ratio is almost the same in the UL PI and power control schemes. 
[bookmark: _Ref978572]Table 2 The URLLC capacity and eMBB throughput of UL PI and TPC for latency 1ms and URLLC packet arrival rate 120/s for SCS 30 kHz
	
	URLLC ratio
	eMBB THP(bps/Hz)
	RU URLLC

	Orthogonal scheduling
	0.70202
	1.7867
	0.034

	UL PI
	0.71728
	1.6939
	0.033

	TPC
	0.70000
	1.7959
	0.033


Actually, we show the upper bound performance of UL PI scheme in the situation, since all the eMBB UEs capable of listening to UL PI is assumed, and there is no miss-detection of the signaling and all the UL PI takes effect. Hence, the real performance of UL PI scheme would be worse than what is given in Table 2. Based on the above discussion, it is found that the UL PI scheme cannot show an evident performance gain over the power control scheme and R15-supported orthogonal scheduling. 
[bookmark: _Ref1153418]Proposal 2: UL PI should not be supported in Rel-16.
Link-level simulation results
To further study the performance of URLLC and eMBB transmissions with power control scheme, we show the link-level simulation results in the following. We generate URLLC and eMBB random data, pass them with different or same SNR offset and independent TDL-C fading channel with delay spread 100ns and UE speed 3km/h. Then we combine the signal and use advanced receiver to decode the data for URLLC and eMBB respectively. The assumptions of the link-level simulation are shown in Table 4 in the Appendix. The simulation compares BLER-SNR results in 3 Cases: 
· Case 1: There is only URLLC user in the link.
· Case 2: The eMBB and URLLC users are multiplexed and the receiver type is MMSE-IRC.
· Case 3: The eMBB and URLLC users are multiplexed and the receiver type is MMSE-SIC.
[image: ]
[bookmark: _Ref964668]Figure 1 Performance of URLLC Tx and which multiplexed with eMBB Tx with low MCS for both URLLC (2,30/1024) and eMBB (2,120/1024)
[image: ]
[bookmark: _Ref965171]Figure 2 Performance of URLLC Tx and which multiplexed with eMBB Tx with high MCS (2,602/1024) for both URLLC and eMBB 
[image: ]
[bookmark: _Ref1152210]Figure 3 Performance of in power control multiplexing scheme with high MCS for both URLLC (2,602/1024) and eMBB (4,434/1024)
It can be observed from Figure 1 that with MMSE-SIC receiver, the performance loss of URLLC multiplexing with eMBB is negligible compared with URLLC transmission only.
Figure 2 and Figure 3  shows that, with higher MCS, for URLLC transmission, there is certain performance loss of inter-UE multiplexing with MMSE-IRC receiver for over 2dB. But the performance loss of inter-UE multiplexing is minor with MMSE-SIC receiver. 
In this case, power control scheme can be applied to URLLC transmission to make sure the URLLC transmission is decoded first in MMSE-SIC receiver.
[bookmark: _Ref1153343]Observation 2: Power control scheme can improve the URLLC performance, without much impact on the eMBB UE. This is the case for both low and high MCS scenarios.
Observation 3: If eMBB/URLLC multiplexing on overlapping is performed, and URLLC operates in power limited conditions, its performance can be secured with advanced receivers (SIC) and proper MCS selection.  
Inter-UE multiplexing of grant-based eMBB and grant-free URLLC transmission
The grant free resources are configured by the gNB to satisfy the performance requirement of URLLC. However, it is possible to have no transmissions on the grant free resource for a long period of time. This would reduce the system efficiency. Therefore, the gNB may schedule a part of the grant based eMBB transmissions overlapping with the grant free resources in order to improve the system efficiency. This may result in potential collisions between eMBB and URLLC which will degrade the URLLC transmission reliability. The uplink pre-emption indication scheme cannot work to solve this problem, since it is in advance not possible for the gNB to be aware of if there is any URLLC traffic coming. 
One possible solution would be that the grant free URLLC UE is configured with two sets of transmission power control parameters, corresponding to scenarios with and without eMBB collision, respectively. Then, a mechanism to inform the grant free URLLC UE of the potential collision is introduced. When the gNB schedules a grant based eMBB transmission on the configured grant resources for the URLLC UE, it can dynamically indicate this. When the URLLC UE then has data to transmit, it knows which power control parameters to apply. An example for a resource indication of the eMBB transmission on the grant free resource is illustrated as the green blocks shown in Figure 6 below. 
One set of the power control parameters corresponds to the default setting (#1TPC) and the other one corresponds to the power control parameter using higher values (#2 TPC). As shown in Figure 6, when the gNB schedules an eMBB transmission on grant free resources, it signals to the grant free UEs and indicates the scheduled eMBB resources that overlap with configured grant. After receiving the resource indication, if the grant free UE has no eMBB transmission on the indicated resource, it will transmit data with the default power control parameter, #1 TPC. Otherwise, once the grant free UE needs to transmit data on the indicated overlapping resources, it will turn to the other power control parameter set, #2 TPC. With this method, the grant free UE can be precisely indicated when to change it transmission power. This effectively alleviates the impact from the eMBB transmission on the shared resources, ensuring the reliability of grant free URLLC transmission. 
[image: ]
Figure 6 Power control method for Grant Free case

Another option could be that the gNB signals to the grant free UEs and indicates the transmission power control parameter set explicitly. When the potential collision would happen, namely, eMBB traffic is scheduled on grant free resources, the gNB informs grant free UEs of the power control parameter set, such as, open-loop {P0, } or closed-loop power control parameter accumulated and/or absolute to adjust transmission power of URLLC . If the grant free UE does not receive the signaling, it transmits data with the default power control parameter. 
Instead of adjusting the power control parameter for the grant free URLLC transmission, decreasing the power of the grant based eMBB transmission could also be an option. But since the gNB and the eMBB UE are not aware of a potential URLLC traffic on grant resources until it arrives at the gNB, the eMBB UE has to operate with a relatively low default power to guarantee the URLLC performance. The purpose of scheduling eMBB transmissions on grant free resource is to improve the efficiency of eMBB, but this scheme has the opposite effect. Therefore, adjusting the power of the GB eMBB transmission is not a good choice.
[bookmark: _Ref1153442]Proposal 3: UL inter UE multiplexing between grant based eMBB and grant free URLLC on shared resource shall be supported.
· Dynamic power control mechanisms can be applied for the URLLC UE(s) 
Conclusion
In this contribution, we provide our views on the design of the UL multiplexing between eMBB and URLLC. We discuss grant-based URLLC and eMBB multiplexing schemes and the case when grant-based eMBB is multiplexed with grant-free URLLC.
For the grant-based multiplexing we address two possible enhancements, URLLC power control scheme which is tied to the URLLC UE and UL PI which is implemented in the eMBB UEs. The URLLC power control has advantages since it does not require extra signaling and has less standardization impact. Furthermore, UL PI is only potentially applicable to very few use cases. We compared the performance between UL PI based schemes and power control scheme. We did not identify any case where UL PI shows benefits.
For multiplexing of eMBB with grant-free URLLC we proposed an URLLC power control scheme that would allow eMBB transmissions to overlap with the configured grant.    
In summary, we make the following observations and proposals:

Observation 1: The potential use cases for UL PI are very limited but its standardization effort and impact on UE the complexity can be severe.
· The eMBB UL PI would not work if there are legacy UEs in the network
· The eMBB UL PI would not work for most of TDD cases
· The eMBB UL PI would not work for aperiodic URLLC traffic with high data rates
· The eMBB UL PI would not work when URLLC is sent on GF resources
· Highly reliable signaling needs to be defined which can induce a high UE complexity and specification impact.
· The UE processing timeline might be impacted.
[bookmark: _GoBack]Observation 2: Power control scheme can improve the URLLC performance, without much impact on the eMBB UE. This is the case for both low and high MCS scenarios.
Observation 3: If eMBB/URLLC multiplexing on overlapping is performed, and URLLC operates in power limited conditions, its performance can be secured with advanced receivers (SIC) and proper MCS selection.  
Proposal 1: In order to support inter UE multiplexing between eMBB and URLLC, an enhanced power control mechanism for the URLLC UE shall be supported, e.g.
· Dynamic indication of power control parameters
· Enhanced TPC signaling
Proposal 2: UL PI should not be supported in Rel-16.
Proposal 3: UL inter UE multiplexing between grant based eMBB and grant free URLLC on shared resource shall be supported.
· [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Dynamic power control mechanisms can be applied for the URLLC UE(s) 

References
[1] TS 38213_v15.2.0. Chapter 7 Uplink Power control. Table 7.1.1-1
[2] R1-1809338, “Simulation results on the baseline performance achievable with Rel-15 URLLC for the identified use cases”, RAN1-WG1#94, Gothenburg, Sweden, August 20th – 24th, 2018
[3] R1-1809458, “UL inter UE Tx prioritization and multiplexing”, Qualcomm Incorporated, TSG-RAN-WG1#94, Gothenburg, Sweden, August 20th – 24th, 2018



Appendix
Table 3. SLS evaluation assumptions
	R15 enabled use case (e.g: AR/VR) 

	Carrier frequency
	4GHz

	Layout
	7 x 3 cell deployment

	Number of UE in a cell
	10 URLLC UEs , 2 eMBB UEs

	BS receiver
	MMSE 

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz

	Number of symbols URLLC (orth)
	4OS

	Number of symbols eMBB (orth)
	4OS

	Number of symbols URLLC (PI)
	4OS

	Number of symbols eMBB (PI)
	12OS

	Number of symbols URLLC (TPC)
	4OS

	Number of symbols eMBB (TPC)
	12OS

	PI behavior
	Drop entire eMBB transmission for PI occasion

	R15 processing timeline capability
	UE capability #2

	Retransmission in PI
	on

	Retransmission in TPC
	on

	URLLC traffic model
	FTP model 3 with 120 p/s arrival rate 

	eMBB traffic model
	Full buffer
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Figure 7 CDF of UE Coupling loss in SLS

Table 4. LLS evaluation assumptions
	R15 enabled use case (e.g: AR/VR) 

	Carrier frequency
	4 GHz

	Channel model 
	TDL-C 100ns

	UE speed
	3 km/h

	UE antenna configuration
	4 Rx antenna ports 

	BS antenna configurations
	1 Tx

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE-IRC/MMSE-SIC

	Transform precoding 
	No

	URLLC transmission
	7/14 OFDM-symbols, Low SE MCS table

	URLLC Target TBS
	256 bits (32Byte)

	URLLC MCS
	LowSE (2,30/1024),(2,602/1024)

	eMBB transmission
	7 OFDM-symbols, Low/High SE MCS table

	eMBB MCS
	LowSE (2,120/1024) 
HighSE (4,434/1024)



Table 5. Target use case
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size  and traffic model

	 R15 enabled use case (e.g.: AR/VR) 
	99.999
	1 ms air interface latency
	UL:
32 bytes
ftp model 3 with arrival interval 120 packets per second
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