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Introduction
In the RAN1#95 meeting, the following agreements were agreed for evaluation of UL inter-UE multiplexing schemes[1]. 

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 show some preliminary evaluation results and give our views on UL inter-UE multiplexing of grant-based eMBB with grant-based and grant-free URLLC. 

Cases of UL inter-UE multiplexing
Both of grant-based and grant-free URLLC UL transmission have been defined. Correspondingly, the following two cases for UL inter-UE multiplexing are on the table. 

Case1: grant-based URLLC + grant-based eMBB

Once an SR for URLLC UL transmission arrives, gNB needs to provide resources to accommodate URLLC UL transmission as soon as possible to meet the  stringent latency requirements. It is a common situation that the resources might have been scheduled for eMBB UL transmissions a few slots ago. Then, an appropriate multiplexing between grant-based URLLC and grant-based eMBB should be supported. Otherwise, the latency and reliability requirement of URLLC UL transmission can hardly be guaranteed due to no resource can be used within a certain time interval. 
Case2: grant-free URLLC + grant-based eMBB

In this case, grant free resources are pre-configured for potential URLLC UL transmission, and can be occupied without an UL grant when the traffic arrives. Considering that the URLLC traffic could be sporadic, it is quite inefficient to always reserve all the grant free resource for it. On the other hand, if multiplexing is allowed, it is also not appropriate to use a consistent scheme for transmitting URLLC regardless of whether the resource have been occupied by eMBB or not. 

Based on above analysis, we can find that supporting UL inter-UE multiplexing is very important for both cases. Furthermore, both grant-based URLLC UEs and grant-free URLLC UEs coexist with eMBB UEs in one network. It is better to define a universal solution for both two cases. 

Observation 1: Supporting UL inter-UE multiplexing is very important for both ‘case 1: grant-based URLLC + grant-based eMBB’ and ‘case 2: grant-free URLLC + grant-based eMBB’. A unified solution applicable to both cases is desirable. 

Grant-based URLLC and grant-based eMBB
In following sub-sections, several proposed solutions for UL inter-UE multiplexing between grant-based URLLC and grant-based eMBB are listed. The relevant system-level simulation results are attached in the end. 

UL cancellation based solution
An example of UL cancellation based solution has been showed in Figure-1. The resource for grant-based URLLC is scheduled by UL grant2. Meanwhile, an URLLC resource indication can be transmitted to eMBB UE. The eMBB UE should cancel at least the overlapping part of its uplink transmission when the UL resource indication is detected. 

[image: image1.emf]gNB

URLLC 

UE

UL grant1

SR2

SR1

eMBB 

UE

UL grant2

UL RI

T

Cancel 

transmission due 

to preemption


Figure-1: An example of UL cancellation based solution

UE-specific or group common based indication

The number of affected UEs is different from case to case. If UE-specific signaling is introduced for such indication and more than one eMBB traffic are preempted by URLLC, multiple concurrent DCIs will be needed for a single preemption event. Potential blockage will lead failure notification for some of preempted UEs, and URLLC traffic will then be interfered inevitably. 

A group common based indication seems to be a reasonable choice. As stated above, resources occupied by all URLLC UEs will be indicated in the UL resource indication. The payload size of UL resource indication will be consistent no matter how many UEs are preempted. 

Proposal 1: Consider group-common signaling for UL resource indication.

UL rescheduling based solution
As shown in Figure-2, an UE specific signaling should be introduced for rescheduling each affected UE respectively. For example, the UE may receive a new UL grant with the same HARQ process that was used by the original UL grant and UE will follow the resource allocation indicated by the new grant. Naturally, the transmission scheduled by the original grant will be canceled. Similarly, in order to not limit the scheduling of UL URLLC, the UL rescheduling should also meet the same timeline requirement as UL cancellation based solution, i.e. eMBB UE should successfully cancel corresponding transmission within timeline T after receiving UL rescheduling. 
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Figure-2: An example of UL rescheduling based solution

Observation 2: UL rescheduling based solution has to use UE specific PDCCH to avoid collision between eMBB and URLLC, which may raise PDCCH blocking problems.
UL Power Control based solution
UL power control based solution is another option, i.e. boosting the URLLC transmission power on all the resources or only the colliding resources. More specifically, gNB can determine to boost the power of URLLC transmission when the overlapping resource allocation happens. So it seems to be a gNB implementation issue, and few specification efforts are needed. 

However, the solution is not always an efficient way, e.g. URLLC UEs may be unable to further boost its power in case of power limited. Furthermore, some issues caused by boosting URLLC power should also be considered carefully even if URLLC UE has enough power margin for boosting, such as, 

increased power would also introduce more interference to inter-cell URLLC UEs; 

impact the performance of eMBB traffic; 

whether a sufficient reliability of URLLC traffic can be obtained;
limitation on deployment scenarios of URLLC, i.e. power boosting of URLLC UE may turn a non-power limited scenario into power limited scenario. 

Therefore, we prefer to take UL cancellation/rescheduling based solution as a baseline solution in the case of multiplexing between grant-based URLLC and grant-based eMBB. UL power control based solution can also be adopted via implementation, i.e. if the signaling transmission(e.g. UL resource indication) is not reliable enough, UL power control based solution can also be used on top of it.

Observation 3: There are various limitation on the application of UL power control based solution.

Proposal 2: Consider UL power control based solution as a supplement of UL cancellation/rescheduling based solution in the case of UL inter-UE multiplexing between grant-based URLLC and grant-based eMBB. 

System-level simulation results
To compare the performance of different solutions as described in section 3.1 and 3.2, the preformance of the URLLC transmissions and the UE perceived throughput for eMBB transmissions are evaluated. The corresponding simulation assumption is showed in the appendix. 

The scheduling granularity is set to 14OS for eMBB and 4OS for URLLC in order to achieve a latency reduction.  As discussed latter in section 6.2, the monitoring periodicity of UL cancellation/rescheduling signaling should be equal to URLLC PDCCH monitoring interval, i.e. mini-slot level. 

For UL cancellation based solution, the cancellation of eMBB transmission is resumed by assuming phase continuity of UL eMBB transmission can be guaranteed or additional DMRS is inserted into the remaining part of eMBB transmission. For UL rescheduling based solution, eMBB UE will stop its transmission at T after UL rescheduling signaling, and the eMBB transmission will be retransmitted according to UL rescheduling. 

The system-level simulation results are showed in Table-1 and Table-2. As a reference, the performance of UL inter-UE multiplexing without any process of eMBB cancellation or rescheduling is also listed. 

Table-1: UE Perceived throughput(UPT) and resource utilization of eMBB transmission

	
	Mean UPT

(Mbps)
	5% UPT

(Mbps)
	50% UPT

(Mbps)
	95% UPT

(Mbps)
	Resource 

Utilization

	Without cancellation/rescheduling
	0.3143
	0.0773
	0.3288
	0.5490
	0.8092

	UL rescheduling
	0.2258
	0.0732
	0.1857
	0.4605
	0.7465

	UL cancellation
	0.3086
	0.0762
	0.3191
	0.5352
	0.7648


Table-2: Percentage of UEs satisfying reliability and latency requirements for URLLC transmission

	
	Percentage (%)

	Without cancellation/rescheduling
	87.14%

	UL rescheduling
	93.81%

	UL cancellation
	95.24%


In response to preemption, the eMBB transmission will be always retransmitted according to rescheduling signaling under UL rescheduling based solution. While for UL cancellation based solution, a certain probability can be expected for correct reception from the remaining part of the first eMBB transmission, then no retransmission is required. It is a main reason for a higher UPT of eMBB transmission can be obtained via UL cancellation based solution. 

For performance of URLLC transmission, UL cancellation shows a better performance compared to UL rescheduling based solution. The potential blockage of the UE specific UL rescheduling signaling will be a main reason. That is, more than one UL rescheduling signaling need to be transmitted together with UL grant of URLLC transmissions when there are multi-eMBB UEs preempted by URLLC transmissions. Then some of the eMBB transmissions cannot be rescheduled successfully. The URLLC transmission will be interfered by the residual eMBB transmissions. 

In our simulation, each PDCCH monitoring occasion occupies one symbol with 16 CCEs. Considering to reserve some candidates for eMBB scheduling, the following PDCCH search space set configuration for UL cancellation/rescheduling signaling is assumed in our simulation, AL={1, 2, 4, 8, 16} with corresponding candidates number {2, 2, 2, 1, 1}. The AL of UL cancellation/rescheduling signaling is selected according to PDCCH channel condition with target BLER requirement. For rescheduling, UE specific PDCCH is introduced for rescheduling signal. While for UL cancellation based solution, group common PDCCH is adopted.

Observation 4: UL cancellation based solution has a better performance compared to UL rescheduling based solution. 

Proposal 3: NR should support UL cancellation based solution in case of UL inter-UE multiplexing between grant-based URLLC and grant-based eMBB. 
Grant-free URLLC and grant-based eMBB
It is a tricky scenario in case of UL inter-UE multiplexing between grant-based eMBB and grant-free URLLC. In such case, UL cancellation/rescheduling based solution is no longer feasible given that gNB cannot predict in advance whether there is a URLLC transmission on the grant-free resources. 

UL power control based solution
As an example shown in Figure-3, URLLC UE would use different transmission power based on whether the grant free resources collide with eMBB or not. For example, the gNB can pre-configure two sets of open-loop power control parameters {P0 and alpha} for grant-free URLLC UE. Then, which one to use is dependent on whether the grant-free resource has been scheduled for eMBB transmission or not. Thus, resource scheduled for eMBB transmission should be indicated to grant-free URLLC UE via a resource indication. 

After receiving the resource indication, the URLLC UE will transmit data with the default power control parameter if there is no eMBB transmission on the target grant-free resource. Otherwise, if the target grant-free resource has been scheduled for eMBB, it will turn to the other power control parameter set. 

Similarly, the application scenarios and issues caused by boosting URLLC power as described in section 3.3 should also be taken into account carefully. 
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Figure-3 An example of UL power control based solution for UL inter UE multiplexing between grant-free URLLC and grant-based eMBB

Observation 5: For UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB, UL power control based solution is a way for improving performance of grant-free URLLC transmission. 

Observation 6: For UL power control based solution, ‘UL resource indication’ should be introduced for indicating scheduled eMBB resource to URLLC UE . 

UL resource switching based solution

As shown in Figure-4, multiple active grant-free resources have been configured to URLLC UE, e.g. grant-free resource and candidate grant free resource. These grant-free resources can be shared by multiple URLLC UEs. If one of the UEs plans to transmit URLLC in a grant free resource, and it is indicated by UL resource indication that the resource scheduled for eMBB overlaps with the target grant free resource, then the corresponding candidate grant free resource which is not scheduled for eMBB can be selected for URLLC transmission. 

It is appropriate to configure each candidate resource in the same time domain location with the corresponding grant free resource. So that there will be no latency influence caused by such multiplexing solution. 
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Figure-4 An example of UL resource switching based solution for UL inter UE multiplexing between grant-free URLLC and grant-based eMBB

Observation 7: For UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB, UL resource switching based solution provides some flexibility on selection of grant free resource for URLLC transmission. 

Combination of UL power control and resource switching

For resource switching based solution, a higher overall efficiency can be expected due to no overlapping between grant-free URLLC and grant-based eMBB. For UL power control based solution, it is a way of performance improvement of grant-free URLLC transmission in case of overlapping between grant-free URLLC and grant-based eMBB. Thus, a combination of above solutions can be further considered. For example, 

Step 1. Configuration for grant-free URLLC UE: 

multiple active grant-free resources, e.g. grant-free resource#1 and grant-free resource#2. 

two sets of open-loop power control parameters, e.g. {P0 and alpha}#1 and {P0 and alpha}#2. 

Step 2. Resource selection of grant-free URLLC transmission: (assuming grant-free resource#1 has a higher priority)

If grant-free resource#1 hasn’t been scheduled for eMBB transmission, or both grant-free resource#1 and grant-free resource#2 have been scheduled for eMBB transmission, grant-free resource#1 should be selected for grant-free URLLC transmission. 

Else if grant-free resource#1 has been scheduled for eMBB transmission and grant-free resource#2 hasn’t been scheduled for eMBB transmission, grant-free resource#2 should be selected for grant-free URLLC transmission. 

Step 3. Power control parameters determination of grant-free URLLC transmission: 

If the grant free resource selected by URLLC UE has been scheduled for eMBB transmission, {P0 and alpha}#1 should be selected. 

Otherwise, {P0 and alpha}#2 should be selected. 

Observation 8: A combined solution provides a further flexibility on grant-free resource selection comparing with UL power control based solution. 

Proposal 4: NR should support a combination of UL power control and resource switching in case of UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB. 

SR based solution

SR based solution was proposed by [4]. As shown in Figure-5, the basic concept is that SR is transmitted before grant free transmission to indicate that grant free resource will be used. When gNB detects SR, gNB can stop eMBB transmission in the grant free resource.
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Figure-5 SR based solution
For supporting SR based solution, one to one mapping between SR and grant-free resource should be defined. So in order to improve efficiency of grant-free resource, a lot of SR resource will then be reserved instead, which result a new resource efficiency issue. Furthermore, some conflict issue should also be considered, that is, the situation will be very complexity if other UL channel/signal collides with the SR for grant-free preemption indication. Then, quiet a lot standardization effort should be made. And careful consideration is needed. 

According to the timeline analysis in [4], a larger latency will be required in TDD system for find a pair of uplink resource for SR and grant-free transmission respectively. 

Observation 9: A lot of standardization effort should be made for supporting SR based solution in the case of UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB. 
Summary of proposed solutions

As discussed above, the resource indication should always need to be indicated for the proposed solutions under both UL inter-UE multiplexing cases. 
More specifically, URLLC resource occupation within a reference uplink resource window can be indicated to eMBB UE for cancel eMBB transmission. On the other hand, eMBB resource occupation within a reference uplink resource can be indicated to URLLC UE for power control/resource switching of URLLC transmission. 

Proposal 5: 

NR should support the following scheme for UL inter-UE multiplexing: introduce ‘UL resource indication’, in which, 

For UL inter-UE multiplexing between grant-based URLLC and grant-based eMBB, URLLC resource occupation can be indicated to eMBB UE for cancel of eMBB transmission; 

For UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB, eMBB resource occupation can be indicated to URLLC UE for power control/resource switching of URLLC transmission. 

Detailed design of UL resource indication

Definition of ‘T’ and ‘RUR’

Timeline for UL resource indication

UL resource indication is sent to eMBB UEs in case that grant-based URLLC traffic is scheduled on the resources which had been scheduled for eMBB traffic. Or, UL resource indication is sent to URLLC UEs in case that the resource scheduled for eMBB traffic had been configured as grant-free resource. That is, T should at least be equal or smaller than the time between the UL grant and PUSCH transmission, which the minimum value is N2 (possibly corresponding to capability 2). In order to make the UL resource indication mechanism workable, eMBB UE should successfully cancel its transmission within timeline T, and URLLC UE should boost its power or switching its transmission resource within timeline T. 

Observation 10: The time T between the end of UL resource indication transmission and when UE adjusts its transmission should at least be equal or smaller than N2.
Definition of reference uplink resource

The resource region in which the resource occupation be indicated by the UL resource indication could be defined. The resource region is somewhat similar to the reference downlink resource (RDR). We call it as reference uplink resource, e.g., RUR, in this contribution. 

There are mainly two different ways to determine the RUR. 

Alt-1: RUR is higher layer configured or predefined.

Alt-2: RUR is indicated dynamically. 

For Alt-2, RUR can be more flexibly indicated at the cost of higher DCI overhead. But such flexibility seems not so necessary from our point of view. Also, it is contradictory to the effort on compact DCI. Therefore, Alt-1 is preferred. 

Proposal 6: The reference uplink resource for resource indication is higher layer configured or predefined.
Monitoring occasions of UL resource indication

For UL RI monitoring, there are mainly two options on monitoring occasions configuration, i.e. 

Option a: a larger monitoring period of UL RI comparing with that of PDCCH for another type of traffic

Option b:an equal monitoring period for both UL RI and PDCCH for another type of traffic

An example of Option a in multiplexing case 1 is presented in Figure-6. Monitoring occasions for URLLC PDCCH are showed as blue blocks, while green blocks are UL RIs for eMBB UEs. Then, one issue could be that URLLC PDCCHs between two neighbouring UL RL monitoring occasions(e.g. UL RI1 and UL RI2) cannot schedule URLLC PUSCH within RUR1 which is corresponding to the previous UL RI. Apparently, it is an unreasonable limitation. 
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Figure-6 Example of a larger monitoring periodicity of UL RI comparing with PDCCH

The example of Option b in multiplexing case 1 is showed in Figure-7. There will be no scheduling constraint for URLLC PUSCH at the expense of more UL RI monitoring required for eMBB UEs. But it is not a serious issue with the fact that UL RI may not be required to be monitored all the time. For example, the eMBB UEs that are capable of monitoring UL RI only need to monitor it when they have been scheduled or ongoing PUSCH transmissions.
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Figure-7 Example of an equal monitoring periodicity of UL RI comparing with PDCCH

Proposal 7: NR should support the same monitoring occasion configuration for both UL RI and PDCCH for another type of traffic, more specific, 

For UL inter-UEs multiplexing between grant-based URLLC and grant-based eMBB, monitoring occasions of UL RI for eMBB UEs are aligned with monitoring occasions for URLLC PDCCH; 

For UL inter-UEs multiplexing between grant-free URLLC and grant-based eMBB, monitoring occasions of UL RI for URLLC UEs are aligned with monitoring occasions for eMBB PDCCH. 

RUR range of UL resource indication

As proposed in section 6.2, the monitoring occasions of UL RI should be aligned with the monitoring occasions PDCCH for another type of traffic. Correspondingly, the time domain indication range of UL resource indication (i.e. time domain duration of RUR) is equal to time offset between two neighbouring PDCCH monitoring occasions. So the time domain duration of RUR for different cases will be different. 

For UL inter-UE multiplexing case 1, the time domain duration of RUR depends on URLLC PDCCH monitoring occasion configuration, i.e. mini-slot level.

For UL inter-UE multiplexing case2, the time domain duration of RUR depends on eMBB PDCCH monitoring occasion configuration, i.e. slot or multi-slots level. 

It is obviously that a larger the time domain duration of RUR can be found in case 2. 

Observation 11: The reference uplink resource in the time domain for different inter-UE multiplexing cases are different.

Frequency domain indication granularity of UL resource indication

For DL inter-UE multiplexing, the preempted resource will be indicated within a reference downlink resource (RDR) by a fixed 14-bits field per cell regardless of the size of RDR. The RDR will be divided into 14 time-frequency resource indication blocks by either of two resource partition methods, which can be called as ‘14*1’ and ‘7*2’ for convenience. Each bit within DL PI corresponds to preemption information for one of the time-frequency resource indication blocks. 

This is a relatively coarse granularity especially for frequency domain resource indication, i.e. the total bandwidth of active DL BWP will be divided into at most two parts. This may not be a serious issue for DL transmission. As shown in left side of Figure-8, the blue region and the red region are resources scheduled for eMBB PDSCH and URLLC PDSCH respectively. For indicating preempted resource to eMBB UE1, the DL PI should be '000000110000' under the resource partition method of ‘14*1’. For eMBB UE2, the region within red dotted box will also be indicated as preempted resources by the DL PI. But the gNB can also transmit both URLLC and eMBB PDSCH of UE2 in each scheduled resource according to the fact that it is a non-preemption case. For the eMBB UE2, normal receiving of PDSCH based on DL scheduling will always be performed before the reception of DL PI. DL eMBB reception will not be impacted by the inaccurate indication in DL PI. Thus, no matter whether the preemption indicated in DL PI is accurate or not, the eMBB UE2 can always receive PDSCH correctly by at most twice decoding attempts. 
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Figure-8 Comparison between DL and UL inter-UE multiplexing under the same indication granularity

For UL inter-UE multiplexing, the situation is completely different. As shown in right side of Figure-8, the same indication granularity is assumed in UL inter-UE multiplexing case 1. Once a resource is instructed to a preemption resource by UL resource indication, the eMBB UE2 shall not transmit UL transmission on it any more. Further, it is also a question on whether the scheduled resource after ‘preemption resource’ can be used for UL eMBB transmission or not as phase continuity of UL eMBB transmission may also be broken. The above impact will involve more UL eMBB transmissions if a larger active UL BWP is configured. 

Similarly, for UL inter-UE multiplexing case 2, unnecessary power boosting of URLLC transmission will be triggered by coarse granularity of frequency resource indication. Not only more power will be consumed for URLLC UE, but also more interference will be introduced. 

From the above analysis, a serious impact to both UL inter-UE multiplexing cases will be raised by UL resource indication with such a coarse frequency domain granularity. In addition, scheduled bandwidth on UL is often less than DL given that UL is more power limited.  A finer frequency domain granularity for the resource indication is more desirable.

Observation 12: A serious impact to both UL inter-UE multiplexing cases will be raised by a coarse granularity of frequency resource indication.

Proposal 8: Comparing to DL PI, a finer frequency domain indication granularity should be supported in UL resource indication. 

Conclusion

According to the analysis given above, we have the following observations and proposals:

Observation 1: Supporting UL inter-UE multiplexing is very important for both ‘case 1: grant-based URLLC + grant-based eMBB’ and ‘case 2: grant-free URLLC + grant-based eMBB’. A unified solution applicable to both cases is desirable. 

Observation 2: UL rescheduling based solution has to use UE specific PDCCH to avoid collision between eMBB and URLLC, which may raise PDCCH blocking problems.
Observation 3: There are various limitation on the application of UL power control based solution.

Observation 4: UL cancellation based solution has a better performance compared to UL rescheduling based solution. 

Observation 5: For UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB, UL power control based solution is a way for improving performance of grant-free URLLC transmission. 

Observation 6: For UL power control based solution, ‘UL resource indication’ should be introduced for indicating scheduled eMBB resource to URLLC UE . 

Observation 7: For UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB, UL resource switching based solution provides some flexibility on selection of grant free resource for URLLC transmission. 

Observation 8: A combined solution provides a further flexibility on grant-free resource selection comparing with UL power control based solution. 

Observation 9: A lot of standardization effort should be made for supporting SR based solution in the case of UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB. 
Observation 10: The time T between the end of UL resource indication transmission and when UE adjust its transmission should at least be equal or smaller than N2.
Observation 11: The reference uplink resource in the time domain for different inter-UE multiplexing cases are different.

Observation 12: A serious influence to both UL inter-UE multiplexing cases will be raised by a coarse granularity of frequency resource indication.

Proposal 1: Consider group-common signaling for UL resource indication.

Proposal 2: Consider UL power control based solution as a supplement of UL cancellation/rescheduling based solution in the case of UL inter-UE multiplexing between grant-based URLLC and grant-based eMBB. 

Proposal 3: NR should support UL cancellation based solution in case of UL inter-UE multiplexing between grant-based URLLC and grant-based eMBB. 
Proposal 4: NR should support a combination of UL power control and resource switching in case of UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB. 

Proposal 5: 

NR should support the following scheme for UL inter-UE multiplexing: introduce ‘UL resource indication’, in which, 

For UL inter-UE multiplexing between grant-based URLLC and grant-based eMBB, URLLC resource occupation can be indicated to eMBB UE for cancel of eMBB transmission; 

For UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB, eMBB resource occupation can be indicated to URLLC UE for power control/resource switching of URLLC transmission. 

Proposal 6: The reference uplink resource for resource indication is higher layer configured or predefined.
Proposal 7: NR should support the same monitoring occasion configuration for both UL RI and PDCCH for another type of traffic, more specific, 

For UL inter-UEs multiplexing between grant-based URLLC and grant-based eMBB, monitoring occasions of UL RI for eMBB UEs are aligned with monitoring occasions for URLLC PDCCH; 

For UL inter-UEs multiplexing between grant-free URLLC and grant-based eMBB, monitoring occasions of UL RI for URLLC UEs are aligned with monitoring occasions for eMBB PDCCH. 

Proposal 8: Comparing to DL PI, a finer frequency domain indication granularity should be supported in UL resource indication. 
Reference
3GPP RAN1 #95, chairman notes.

3GPP RAN1 #94bis, R1-1810346, On UL inter UE Tx prioritization/multiplexing. ZTE.

3GPP RAN1 #95, R1-1812389, On UL inter UE Tx prioritization/multiplexing. ZTE.

3GPP RAN1 #95, R1-1812819, Consideration on UL inter UE Tx prioritization and multiplexing. OPPO.
Appendix

Table-3: System-level simulation assumptions

	Parameters
	Value

	Latency (ms)/Reliability (%) of URLLC
	1ms (air interface delay)/99.999

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz

	Channel model 
	UMa in TR 38.901

	BS antenna configurations
	dH = 0.5λ, dV = 0.8λ;

4 Rx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 2)

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	BS receiver
	MMSE-IRC

	UE Tx power
	23dBm

	UE antenna configuration
	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

	Number of UEs per cell
	10 eMBB users per cell

10 URLLC users per cell

	Traffic model
	eMBB: 

- Packet arrival per UE: FTP Model 3 with Poisson arrival 
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- Packet size: 50~ 600 bytes Pareto distribution, with shaping parameter alpha = 1.5.

URLLC: 

- Packet arrival per UE: Periodic with arrival rate of 1 packet per 2ms

- Packet size: 32bytes

	UE distribution
	80% of users are outdoors and 20% of users are indoors 

3km/h

Indoor penetration loss is modelled according to low loss model

	CDF of UE coupling loss
	See Figure-9 below
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Figure-9: The CDF of coupling loss of the eMBB and URLLC UEs
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