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1 Introduction
In the RAN#83 meeting, it was approved to specify enhanced scheme for inter UE Tx prioritization/multiplexing in the eURLLC WID[1], with the understanding that both UL cancelation scheme and enhanced UL power control scheme as described in [2] should be taken into account. 

	· Specification of enhanced inter UE Tx prioritization/multiplexing [RAN1]

· UL cancelation scheme (see section 7.2.1 in TR 38.824) 
· Enhanced UL power control scheme (see section 7.2.2 in TR 38.824)  


In this contribution, we first list cases of UL inter-UE multiplexing to be considered. For each case, details of enhanced schemes as well as signaling design for supporting the scheme are then described. 
2 Cases of UL inter-UE multiplexing
Both 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 since no resource can be used within a certain time interval. 
· Case2: grant-free URLLC + grant-based eMBB

In this case, configured grant 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 configured grant resources 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. 

3 Case 1: grant based eMBB PUSCH and grant based URLLC PUSCH

3.1 UL cancelation scheme

3.1.1 Group common DCI or UE-specific DCI

If DCI based UL cancelation indication is used, both group common DCI and UE-specific DCI based schemes are on the table. 
A typical UL cancelation scheme with group common DCI is showed in Figure-1. The resource for grant-based URLLC is scheduled by UL grant2. Meanwhile, the resource occupied by URLLC can be indicated to eMBB UE via UL cancelation indication (i.e., UL CI in Figure-1). The eMBB UE should cancel at least the overlapping part of its uplink transmission within timeline T when the UL cancelation indication is detected. In order to make the UL cancelation scheme workable, the timeline T should be equal or shorter than N2 defined in Rel-15 UE capability#2. 
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Figure-1: An example of UL cancelation scheme with group common signaling
Another UL cancelation scheme with UE-specific rescheduling signaling is showed in Figure-2. In case of preemption, the affected eMBB 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 not to limit the scheduling of UL URLLC, the UL rescheduling should also meet the same timeline requirement, 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 cancelation scheme with UE-specific rescheduling signaling
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 one URLLC transmission, multiple concurrent DCIs would be needed for a single preemption event, which may raise PDCCH blocking problems. 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 cancelation indication. The payload size of UL cancelation indication will be consistent no matter how many UEs are preempted. 

Observation 2: Using UE-specific signaling to avoid collision between eMBB and URLLC may cause PDCCH blocking problems.
To compare UL cancelation scheme with group common DCI and UE-specific DCI as described above, the performance of the URLLC transmissions and the UE perceived throughput for eMBB transmissions were evaluated. The corresponding simulation assumption and result were showed in our companion contribution [3]. And we have the following proposal. 
Proposal 1: Support group-common DCI for UL cancelation indication. 
3.1.2 Cancelation with or without resuming

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 or not resume the transmission afterwards. 
If an UL transmission to be canceled has not been started yet, resuming should always be done after the cancelation event. 

If it is an on-going UL transmission, the issue of phase continuity should be further considered. Figure-3 gives an example, the scheduling granularity for eMBB is typically set to slot level(e.g. 14OS), while for URLLC traffic, mini-slot(e.g. 2OS) scheduling as shown in red dotted box is used in order to achieve latency reduction. Then, the fifth and sixth symbols of eMBB transmission are preempted, the remaining symbols as shown in purple dotted box is questionable on whether to resume the transmission. 
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Figure-3 Resuming issue of UL cancelation scheme in multiplexing case 1

Some companies worry about PUSCH demodulation performance degradation issue caused by non-contiguous transmission as phase continuity may not be ensured. Actually, the same question was raised in RAN1 during the previous discussion in LTE_sTTI section, and the following answers from RAN4 was made as follows[4]. 

	Q3: If there is any RF impacts that would degrade sPUSCH demodulation performance when allocating DMRS symbol(s) non-contiguously in time?

A3:   DMRS symbol could be shared in between 2 non-contiguous (in time) sTTI if the gap is equal to up to 2 sTTIs. There should not be any power change and have the same centre frequency, the same RB allocation and the same system bandwidth in between such non-contiguous sTTIs. When such non-contiguous sTTI would be scheduled, BS should indicate UE to keep its PLL ON to limit power consumption impact.


According the previous response, DMRS symbol could be shared in between 2 non-contiguous (in time) sTTI if the gap is equal to up to 2 sTTIs (i.e. 4 or 6 symbols at 15kHz SCS). So it is reasonable and efficient to resume the transmission in the remaining symbols if the preemption resource is no larger than 6 symbols at 15kHz SCS or 12 symbols at 30kHz SCS. For other larger SCSs, resuming the transmission will be always supported as phase continuity cannot be broken by a mini-slot level preemption. Then, we have the following proposal. 

Proposal 2: For improving resource efficiency, cancelation with resuming eMBB transmission in the remaining symbols should be supported under the condition that the gap preempted by URLLC transmission is no larger than 6 symbols at 15kHz SCS or 12 symbols at 30kHz SCS. 

3.1.3 Monitoring periodicity for the UL cancelation indication 

For UL cancelation indication monitoring, there are mainly two options on monitoring occasion configuration for multiplexing case 1, i.e. 

· Option a: a larger monitoring periodicity of UL cancelation indication than that of PDCCH scheduling URLLC traffic.
· Option b: an equal monitoring periodicity for both UL cancelation indication and PDCCH scheduling URLLC traffic.
An example of Option a in multiplexing case 1 is presented in Figure-4. A resource region in which the resource occupation 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. 

Monitoring occasions for URLLC PDCCH are showed as blue blocks, while green blocks are UL cancelation indications for eMBB UEs. Then, one issue could be that URLLC PDCCHs between two neighboring UL cancelation indication monitoring occasions(e.g. UL cancelation indication CI1 and UL cancelation indication CI2) cannot schedule URLLC PUSCH within RUR1 which is corresponding to the previous UL cancelation indication (i.e., CI1). Apparently, it is an unreasonable limitation. 
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Figure-4 Example of a larger monitoring periodicity of UL cancelation indication comparing with PDCCH

The example of Option b in multiplexing case 1 is showed in Figure-5. There will be no scheduling constraint for URLLC PUSCH at the expense of more UL cancelation indication monitoring required for eMBB UEs. But it is not a serious issue with the fact that UL cancelation indication may not be required to be monitored all the time. For example, the eMBB UEs that are capable of monitoring UL cancelation indication only need to monitor it when they have been scheduled.

[image: image5.emf]CI1

DL

Monitoring 

occasions of PDCCH 

T

CI2 CI7

RUR

1

UL

RUR

2

RUR

3

CI3 CI4 CI5 CI6 CI8

RUR

4

RUR

5

RUR

6

RUR

7

RUR

8

T


Figure-5 Example of an equal monitoring periodicity of UL cancelation indication comparing with PDCCH

Therefore we have the following proposal. 
Proposal 3: For UL inter-UEs multiplexing between grant-based URLLC and grant-based eMBB, monitoring occasions of UL cancelation indication for eMBB UEs are aligned with monitoring occasions for URLLC PDCCH; 

3.1.4 Frequency domain indication granularity of UL cancelation 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 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 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-6, 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 two decoding attempts. 
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Figure-6 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-6, the same indication granularity is assumed in UL inter-UE multiplexing case 1. Once a resource is instructed to a preemption resource by UL cancelation indication, the eMBB UE2 shall not transmit UL transmission on it any more. In addition, scheduled bandwidth for eMBB transmission on UL is often less than DL given that UL is more power limited. 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 caused by UL cancelation indication with such a coarse frequency domain granularity. A finer frequency domain granularity for the UL cancelation indication is more desirable.

Observation 3: A serious impact will be caused by a coarse granularity of frequency cancelation indication.

Proposal 4: Comparing to DL PI, a finer frequency domain indication granularity should be supported in UL cancelation indication. 

3.2 Enhanced UL power control scheme
UL power control scheme, i.e. the URLLC transmission power on all the resources or only the colliding resources is another option. More specifically, gNB can determine to boost the power of URLLC transmission when the overlapping resource allocation happens. There are typically two types of methods: 

· One is dynamic change of open-loop power control parameters, i.e. configuring two sets of {P0, alpha} and selecting one set based on whether the overlapping resource allocation happens. 

· Another method is enhanced closed-loop power control, i.e. defining two TPC tables. Similarly, the TPC table is selected based on whether the overlapping resource allocation happens. 

Then, a remaining issue is how to indicate to URLLC UE the situation of resource multiplexing by two types of UEs. One way is to indicate the scheduled eMBB resource to URLLC UE. The requirement is quite similar as that in UL cancelation scheme, i.e. the resource preempted by URLLC UE is indicated to eMBB UE via UL cancelation indication.  In both cases, potential overlapping resources between URLLC and eMBB are indicated to UEs.
For enhanced power control, modification to the current DCI format 2_2 for group-common TPC commands can be considered to support UL cancelation indication along with power control.
Observation 4: For UL power control scheme, UL cancelation indication should also be introduced for indicating scheduled eMBB resource to URLLC UE. 

3.3 Possible combination of UL cancelation and power control
As previous simulation results captured in [2], both schemes can provide some gains on URLLC performance comparing with baseline scheme. 
However, neither UL cancelation scheme nor UL power control scheme is always an efficient way. For UL power control scheme, URLLC UEs may be unable to further boost its power in case of power limited. And for UL cancelation scheme, UL cancelation indication cannot be identified by legacy eMBB UEs. It better to support both schemes and provide some flexibility on scheme selection for gNB. 

As discussed in the previous sections, UL cancelation indication should be introduced for resource indication in either UL cancelation scheme or UL power control scheme. In order to apply to both of them, the overlapping resource scheduled for URLLC UE and eMBB UE can be indicated via the UL cancelation indication. Then, the combination can be as follows,

· If URLLC UE receives the UL cancelation indication, boosting its transmission power can be done when the overlapping resource is scheduled for it; 
· If eMBB UE receives the UL cancelation indication, cancelation of its transmission on overlapping resource will be implemented. 

The gNB can control which scheme currently applied by letting corresponding type of UE to receive the group common DCI, e.g. different searching space sets are configured for different types of UE, the group common DCI can be transmitted in certain monitoring occasions. 

Proposal 5: NR should support both UL cancelation scheme and UL power control scheme for providing some flexibility on scheme selection for gNB. 

Proposal 6: UL cancelation indication should be introduced for indicating overlapping resource scheduled for both URLLC UE and eMBB UE. The gNB can control which scheme currently applied by transmitting the UL cancelation indication in corresponding PDCCH monitoring occasions. 

· If URLLC UE receives the UL cancelation indication, boosting its transmission power can be done when the overlapping resource is scheduled for it; 

· If eMBB UE receives the UL cancelation indication, cancelation of its transmission on overlapping resource will be implemented. 

4 Case 2: grant based eMBB PUSCH and grant free URLLC PUSCH

4.1 UL cancelation scheme
In case of UL inter-UE multiplexing between grant-based eMBB and grant-free URLLC, cancelation of grant-based eMBB transmission is no longer feasible given that gNB cannot predict in advance whether there is a URLLC transmission on the configured grant resources. 

Another type of UL cancelation scheme can be considered, i.e, resource scheduled for eMBB transmission can be indicated to grant-free UE via a UL cancelation indication. Then, grant-free UE can cancel its transmission on the target configured grant resource in case that another candidate configured grant resource can be used for resuming the transmission. In this case, only an UL grant-free transmission that has not been started can be canceled. 

It is appropriate to configure some candidate resources in the same time domain location with the corresponding configured grant resource. So that there will be no latency influence caused by such cancelation. Furthermore, it will be beneficial for both performance of eMBB and URLLC transmission. 

Figure-7 shows an example, multiple active configured grant resources have been configured to URLLC UE, e.g. configured grant resource and candidate configured grant resource. These configured grant resources can be shared by multiple URLLC UEs. If one of the UEs plans to transmit URLLC, and it is indicated by UL cancelation indication that the resource scheduled for eMBB overlaps with the target configured grant resource, then the upcoming but not-yet-started URLLC transmission can be canceled. Then, the corresponding candidate configured grant resource which is not scheduled for eMBB can be selected for resuming the URLLC transmission. 
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Figure-7 An example of canceling URLLC transmission on one configured grant resource and resuming the transmission on candidate configured grant resource
Proposal 7: For UL inter-UE multiplexing between grant-based eMBB and grant-free URLLC, the upcoming but not-yet-started URLLC transmission on one configured grant resource can be canceled and resumed on the candidate configured grant resource which is not scheduled for eMBB. 
4.2 Enhanced UL power control scheme
As an example shown in Figure-8, URLLC UE would use different transmission power based on whether the configured grant 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. Alternatively, two set of closed-loop power control parameters, e.g. TPC tables can be defined for grant-free URLLC UE. Then, which one to use is dependent on whether the configured grant resource has been scheduled for eMBB transmission or not. 

Thus, resource scheduled for eMBB transmission should be indicated to grant-free URLLC UE via an UL cancelation indication. 

After receiving the UL cancelation indication, the URLLC UE will transmit data with the default power control parameter if there is no eMBB transmission on the target configured grant resource. Otherwise, if the target configured grant resource has been scheduled for eMBB, it will switch to the other power control parameter set. 
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Figure-8 An example of UL power control scheme 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 scheme is a way for improving performance of grant-free URLLC transmission. 

Observation 6: For UL power control scheme, UL cancelation indication should be introduced for indicating scheduled eMBB resource to URLLC UE. 

4.3 Combination scheme of UL cancelation and UL power control
For UL power control scheme, it is a way of performance improvement of grant-free URLLC transmission for non-power limited UEs in case of overlapping between grant-free URLLC and grant-based eMBB. For UL cancelation scheme showed in Figure-7, a higher overall efficiency can be expected due to no 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 configured grant resources, e.g. configured grant resource#1 and configured grant resource#2. 

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

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

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

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

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

· If the configured grant resource selected by URLLC UE has been scheduled for eMBB transmission, power control parameter set {P0 and alpha}#1 should be selected. 

· Otherwise, power control parameter set {P0 and alpha}#2 should be selected. 
In addition, it can also be considered to enhance the group-common DCI for TPC commands (i.e. DCI format 2_2) to support this combination scheme for grant-free URLLC. The same group-common DCI signaling framework of case 1 can also be considered for grant-free URLLC. One time power boosting can be either achieved by selecting different set of open loop parameters or by selecting a TPC command table with higher positive step size. 

Observation 7: A combination scheme of UL power control and UL cancelation provides a further flexibility on configured grant resource selection comparing with UL power control scheme. 

4.4 System-level simulation results
To compare the performance of different schemes as described in section 4.2 and 4.3, the performance 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. For grant-free URLLC, two shots transmission with slot-based repetition is assumed. 

For UL power control scheme, 3dB power boosting of URLLC transmission will be done in case of overlapping with grant-based eMBB transmission. For combination scheme, the grant-free transmission on overlapping configured grant resource will first attempt to switch to a non-overlapping configured grant resource without boost its transmission power, and 3dB power boosting will only be done in case that there is no configured grant resource to switch. 
The system-level simulation results are showed in Table-1 and Table-2. As a reference, the performance of UL inter-UE multiplexing without enhancement (i.e. no PC and no resource switching) is also listed. 

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

	Scheme
	Mean UPT

(Mbps)
	5% UPT

(Mbps)
	50% UPT

(Mbps)
	95% UPT

(Mbps)
	Resource utilization

	Multiplexing without power control and UL cancelation
	1.2029
	0.8274
	1.2197
	1.4406
	0.5567

	UL power control scheme
	1.1254
	0.7254
	1.1300
	1.3238
	0.5814

	Combination scheme of UL power control and UL cancelation
	1.2066
	0.8171
	1.2287
	1.4508
	0.5496


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

	Scheme
	Percentage (%)

	Multiplexing without power control and resource switching
	79.05

	UL power control scheme
	87.14

	Combination scheme of UL power control and UL cancelation
	92.38


Comparing with baseline scheme (i.e. multiplexing without power control and resource switching), the performance of URLLC transmission have been improved in both schemes by different extents. For combination scheme, the URLLC performance is better than that of UL power control scheme for about 5.2%. The main reason for the gain is a lower intra-cell interference caused by eMBB UE due to possible resource switching and a lower inter-cell interference due to fewer power boosting for URLLC transmission. As statistics in our simulation, the conflict ratio of URLLC packet is about 35% under UL power control scheme, while the ratio reduces to about 5% under the combination scheme. That is to say another 30% URLLC packet will suffer intra-cell interference from eMBB UE in UL power control scheme. 

For eMBB transmission, the combination scheme shows a slightly better (~0.3%) performance compared to baseline scheme. On one hand, a lower conflict ratio can be expected due to configured grant resource switching. So that part of intra-cell interference from URLLC transmission can be eliminated. On the other hand, power boosting of URLLC transmission on the remaining conflict resource results a higher interference to eMBB UEs. The slightly performance gain is the result of the above two factors. 

For UL power control scheme, eMBB transmission suffers a higher interference from URLLC transmission due to higher transmission power on conflict resource, which results in worse (~6.4%) performance than baseline scheme. 

Observation 8: Combination scheme of UL power control and UL cancelation shows better performance than UL power control scheme. 
Proposal 8: NR should support a combination scheme of UL power control and UL cancelation in case of UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB. 
4.5 Signaling design for combination scheme of UL cancelation and power control
As discussed in section 4.1, scheduled eMBB resource should be indicated to URLLC UE via UL cancelation indication. Given that only the configured grant resource can be used by grant-free UE, configured grant resource specific UL cancelation indication can be defined. Then, the issue becomes to indicate whether the configured grant resource is scheduled for eMBB UE or not. As shown in Figure-9, six configured grant resources within a RUR are configured for URLLC UEs. A single bit of UL cancelation indication can be used for such indication associated with a configured grant resource. The rule of association between the indication bit and configured grant resource can be pre-configured by gNB. 

For UL power control using open-loop power control parameter, the above UL cancelation indication seems enough for supporting the combination scheme. In details, for URLLC UE configured with multiple active configured grant resources, the status of each configured grant resource will be indicated in the UL cancelation indication. The UE can decide to use a configured grant resource with corresponding set of open-loop power control parameter according predefined rule such as described in section 4.3. 
For UL power control with enhanced TPC, additional TPC commands should also be indicated. DCI format 2_2 may be reused for such indication. According to the similar attribute with UL cancelation indication, it is reasonable to define the DCI format to include both TPC commands and UL cancelation indication. Then, the URLLC UE can select configured grant resource and determine transmission power jointly. 
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Figure-9 UL Cancelation indication with the granularity of configured grant resource
Proposal 9: A configured grant resource specific UL cancelation indication can be defined in case of UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB. 

Proposal 10: For UL power control with enhanced TPC,  UL cancelation indication can be defined to include both TPC commands field and UL cancelation indication field. 

5 Summary of proposed schemes
As discussed above, the group common signaling for UL cancelation indication should always need to be indicated for the proposed schemes under both UL inter-UE multiplexing cases. 
More specifically, for multiplexing case 1, overlapping resource scheduled for both eMBB UE and URLLC UE within a reference uplink resource window can be indicated to eMBB UE for canceling its transmission or to URLLC UE for boosting its transmission power. 

For multiplexing case 2, at least scheduled eMBB resource occupation on each configured grant resource within a reference uplink resource can be indicated to URLLC UE for power control/resource switching of URLLC transmission. 

Proposal 11: 

· NR should support the following schemes for UL inter-UE multiplexing: introduce ‘group common UL cancelation indication’, in which, 

· For UL inter-UE multiplexing between grant-based URLLC and grant-based eMBB, overlapping resource scheduled for both eMBB UE and URLLC UE can be indicated for canceling eMBB transmission or boosting URLLC transmission power. 
· For UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB, at least scheduled eMBB resource occupation on each configured grant resource can be indicated to URLLC UE for power control/resource switching of its transmission. 

6 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: Using UE-specific signaling to avoid collision between eMBB and URLLC may raise PDCCH blocking problems.
Observation 3: A serious impact will be raised by a coarse granularity of frequency cancelation indication.

Observation 4: For UL power control scheme, UL cancelation indication should also be introduced for indicating scheduled eMBB resource to URLLC UE. 

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

Observation 6: For UL power control scheme, UL cancelation indication should be introduced for indicating scheduled eMBB resource to URLLC UE. 

Observation 7: A combination scheme of UL power control and UL cancelation provides a further flexibility on configured grant resource selection comparing with UL power control scheme. 

Observation 8: Combination scheme of UL power control and UL cancelation shows better performance than UL power control scheme. 
Proposal 1: Support group-common DCI for UL cancelation indication. 
Proposal 2: For improving resource efficiency, cancelation with resuming eMBB transmission in the remaining symbols should be supported under the condition that the gap preempted by URLLC transmission is no larger than 6 symbols at 15kHz SCS or 12 symbols at 30kHz SCS. 
Proposal 3: For UL inter-UEs multiplexing between grant-based URLLC and grant-based eMBB, monitoring occasions of UL cancelation indication for eMBB UEs are aligned with monitoring occasions for URLLC PDCCH; 

Proposal 4: Comparing to DL PI, a finer frequency domain indication granularity should be supported in UL cancelation indication. 

Proposal 5: NR should support both UL cancelation scheme and UL power control scheme for providing some flexibility on scheme selection for gNB. 

Proposal 6: UL cancelation indication should be introduced for indicating overlapping resource scheduled for both URLLC UE and eMBB UE. The gNB can control which scheme currently applied by transmitting the UL cancelation indication in corresponding PDCCH monitoring occasions. 

· If URLLC UE receives the UL cancelation indication, boosting its transmission power can be done when the overlapping resource is scheduled for it; 

· If eMBB UE receives the UL cancelation indication, cancelation of its transmission on overlapping resource will be implemented. 

Proposal 7: For UL inter-UE multiplexing between grant-based eMBB and grant-free URLLC, the upcoming but not-yet-started URLLC transmission on one configured grant resource can be canceled and resumed on the candidate configured grant resource which is not scheduled for eMBB. 
Proposal 8: NR should support a combination scheme of UL power control and UL cancelation in case of UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB. 
Proposal 9: A configured grant resource specific UL cancelation indication can be defined in case of UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB. 

Proposal 10: For UL power control with enhanced TPC, the DCI format of UL cancelation indication can be defined to include both TPC commands field and UL cancelation indication field. 

Proposal 11: 

· NR should support the following schemes for UL inter-UE multiplexing: introduce ‘group common UL cancelation indication’, in which, 

· For UL inter-UE multiplexing between grant-based URLLC and grant-based eMBB, overlapping resource scheduled for both eMBB UE and URLLC UE can be indicated for canceling eMBB transmission or boosting URLLC transmission power. 
· For UL inter-UE multiplexing between grant-free URLLC and grant-based eMBB, scheduled eMBB resource occupation on each configured grant resource can be indicated to URLLC UE for power control/resource switching of its transmission. 
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8 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 = 0.25.

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-10 below
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Figure-10: The CDF of coupling loss of the eMBB and URLLC UEs
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