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Introduction
In the RAN#84 plenary meeting, the contents of the Rel16 work item for eURLLC has been approved [1], both enhanced power control schemes and uplink cancellation shall be specified for supporting inter-UE multiplexing on shared resources. Text proposals and initial ideas have already been agreed and are captured in TR 38.824[2]. And in RAN1#97, some progress has already been made on the schemes for UL cancelation and for power control. In this contribution, we further discuss both UL cancellation and power control, and also provide our views on their applicable scenarios.
[bookmark: _Ref129681832]Overview of the solutions to inter-UE prioritization and multiplexing
Inter-UE uplink prioritization and multiplexing is a complex topic and there are limitations for both the UL power control and the UL cancelation scheme. None of the schemes is a generic solution which is suitable for all use cases. Instead, the two approaches can complement each other.
For UL cancelation, the solution can ensure the performance of URLLC transmissions when multiplexed with eMBB transmissions. But it is not applicable for some scenarios, for example:
· Deployment in TDD: For a UE in TDD mode, the eMBB UE will not be able to transmit uplink traffic and listen to the downlink cancellation signalling at the same time. 
· Applicability on grant-free: It is not possible for the gNB to know in advance whether there will be any URLLC traffic in configured resources. The gNB cannot decide when to send an UL cancelation indication to the eMBB UE to stop its traffic.
· eMBB UEs with different capabilities: R15 UEs cannot monitor UL cancelation. For deployments with only few URLLC UEs but a high number of eMBB UE in the cell, this solutions does not seem to be economical. 
· URLLC with high arrival rate: The UL cancelation would suspend the eMBB transmission frequently which leads to a very low link efficiency. 
[bookmark: OLE_LINK35]As it can be seen from the discussion above, there is a multitude of use cases that cannot benefit from UL cancelation. At least in these situations, an enhanced UL power control scheme should be used instead.
For the enhanced UL power control scheme, other cases might not be appropriate, for example for URLLC UEs at the cell edge when there is not sufficient power headroom. In these cases UL cancellation of the eMBB traffic can be applied.  
For the enhanced power control mechanism, there are several candidate solutions of which one or multiple can be specified:
· Dynamic indication of  OLPC  parameters 
· with UL grant DCI without SRI field
· with group common DCI
· Increased TPC range
· With 2 bit TPC command 
· With 3 bit TPC command

For UL cancelation, there are also different flavors that need to be studied, e.g.
· Signaling method: At least group-common, but only group common or with an additional UE specific DCI for cancellation?
· Cancellation method: Stop without resume or stop-and-resume?
· Which UL transmissions can be potentially cancelled: PUSCH, PUCCH, SRS, PRACH?
Enhanced UL power control mechanism 
In RAN1#97, three options have been identified for down-selection. Each of the option includes one solution for dynamically scheduled URLLC traffic and for URLLC being transmitted on a configured grant.
	Conclusion:
To down-select from the following options for enhanced power control
· Option 1: Indication of open-loop parameter sets by DCI 
· For DG-PUSCH, an open-loop parameter set indicated to the UE by scheduling DCI without using SRI is applied to the scheduled transmission
· FFS At least for single active CG-PUSCH, an open-loop parameter set is indicated to the UE by a UE-specific field in group common DCI
· FFS for the case of multiple active CG-PUSCH
· FFS For a UE, the open-loop parameter sets for DG-PUSCH and CG-PUSCH may be same or different
· Option 2: Indication of TPC with increased range by DCI
· For DG-PUSCH, a TPC with increased range is indicated to the UE by the TPC field in scheduling DCI
· FFS At least for single active CG-PUSCH (and potentially also for DG-PUSCH), a TPC with increased range is indicated to the UE by a UE-specific TPC field in group common DCI
·  FFS for the case of multiple active CG-PUSCH
· At least for DG-PUSCH, for a UE, the number of TPC entries (4 or 8) and power adjustment value for each entry is higher layer configured 
· FFS For a UE, the TPC configuration for DG-PUSCH and CG-PUSCH may be same or different 
· Option 3: 
· For DG-PUSCH, use either the solution from option 1 or option 2 for DG-PUSCH as above
· To down-select from option 1 and 2
· FFS At least for single active CG-PUSCH, UE derives the transmissions power based on the time/frequency resource indicated by a group common DCI
· If a CG-PUSCH transmission overlaps with the indicated time/frequency resource, UE use one open-loop parameter set with higher power for the transmission
· If a CG-PUSCH transmission does NOT overlap with the indicated time/frequency resource, UE use another open-loop parameter set with lower power for the transmission
· FFS for the case of multiple active CG-PUSCH
· Note: some companies have concern that this was not captured in the TR as one potential solutions



For dynamically scheduled URLLC traffic, when one UE is already transmitting an eMBB PUSCH or another channel with lower priority and then another UE has urgent URLLC data to be sent on the overlapping resource, a relatively higher power can be dynamically applied than for the case without an overlapping eMBB transmission. This could be achieved with a dynamic indication of the OLPC parameters or also with an increased TPC range.
For URLLC transmission on configured grant, the URLLC UE can be notified about the resources that currently are used by another UE for eMBB and then the URLLC UE adjusts its transmission parameters accordingly if it has URLLC data to send on overlapping configured grant resources.
Dynamically scheduled URLLC multiplexed with dynamically scheduled eMBB
Alternative A: Dynamic indication of OLPC parameters:
It should be made possible to dynamically indicate different sets of power control parameters to the UE. The gNB could pre-configure at least two sets of open-loop power control parameters {P0 andα} for the URLLC UE. Then, which one to use can be indicated by DCI. This mechanism can already be realized in Rel-15 in a UE specific manner with the SRI. The SRI-field in the DCI indicates one of multiple sets out of RRC-configured power control parameters {P0, α}. A similar principle can be applied for power-boosting the URLLC transmission when it is overlapping with eMBB. The SRI-field should not be used for this SRI purpose. This would not be an efficient approach in our view, the power control parameter indication for URLLC power boost should be decoupled from SRI instead. One of the reasons is that size of the SRI bit-field is depending on the number of configured SRS resources which could become significantly large for eMBB. If the same mechanism would then also be used for URLLC power boosting, for a UE is supporting eMBB and URLLC, the bit-field size in the DCI scheduling the URLLC would become too large since it needs to cover all configured SRSs. Another reason is that every beam would need two sets of power control parameters, one for the normal mode and one for the power boosted mode, this has significant impact on the legacy functionality because it reduces the number of usable SRS by a factor of 2.
It is therefore better to decouple the bit fields so that the DCI which is scheduling the URLLC transmission can be kept compact and that the legacy SRS functionality is not affected. An existing DCI field can be re-used to implicitly indicate the OLPC parameter set, e.g. the TPC command field.
Observation 1: Using the SRI-field to power boost URLLC by means of OLPC indication can result in very large DCI bit-field sizes and is restricting the legacy functionality related to SRS.
Proposal 1: If UE specific OLPC indication is adopted for URLLC power boost, the DCI field shall be decoupled from SRI.
Alternative B: Increased TPC range:

Another possibility for enhanced power control is to use the TPC command field to adjust the closed loop power control parameters. The value range in the current TPC table in [3] is not capable to track the change of BLER requirements for URLLC transmissions dynamically in order to efficiently compensate with the required transmission power [4]. Thus, enlarging the range of accumulated and absolute denoted by the TPC command is also an enhancement that could be specified for supporting URLLC power boost. The table entries could be modified and/or the TPC command range could be extended with more bits.
If the TPC command remains 2 bits wide, the range of the entries needs to be changed (e.g. to 6dB). In this case, higher layers would need to configure 2 TPC tables, one with the enlarged range for URLLC and the other one with the normal range for eMBB. 
If the TPC command field changes to 3 bits and the values of the old TPC table remain the same, the higher layer would only need to configure one TPC table. This affects the DCIs for the UE specific UL grant (formats 0_0 and 0_1) with TPC command and also the group common DCI (format 2_2) which can be used for power control of PUSCH and PUCCH. 
Furthermore, if URLLC power boosting also would apply to PUCCH transmissions, then the DCI field of the TPC command when scheduling PDSCH (format 1_0 and 1_1) would need to be increased to 3 bits. 
It should be noted that for the group common DCI which is used for the transmission of TPC commands for PUCCH and PUSCH (format 2_2), each block that is including a 2 bit TPC command and 0 or 1 bit for the closed-loop indicator would need to be increased to 3 or 4 bits. According to [5] the number of information bits in DCI format 2_2 shall be equal to or less than the payload size of the fallback DCI in the same serving cell. This implies that increasing the TPC command field to 3 bits would decrease the number of UEs that can be supported in the same group common DCI format 2_2. 
Observation 2: Increasing the TPC field to 3 bits is reducing the number of UEs that can be indicated with the DCI format 2_2.
Additionally, since close loop power control of SRS re-uses the TPC command field table of PUSCH, the structure of the group common DCI used for the transmission of a group of TPC commands for SRS transmission, DCI format 2_3, would also be changed.
For URLLC transmissions with their limited transmission time budget, the accumulated TPC with stepwise power adjustment might not be suitable. Therefore, the TPC table enhancement could be applied only for the absolute correction value, so that the URLLC transmission power can be adjusted to the target value with only one indication.
[bookmark: OLE_LINK36]Proposal 2: If TPC enhancements are adopted for URLLC power boosting, then at least the absolute TPC value shall be modified. FFS if also the accumulated value has to be changed.
[bookmark: _Ref1153385]The TPC command field exists in UE specific DCIs as well as in group common DCIs. If TPC enhancements shall be adopted for URLLC power boosting, then these changes shall apply for DCI formats that currently contain TPC command fields.  
Proposal 3: If TPC enhancements are adopted for URLLC power boosting, then all DCI formats that contain the TPC command shall be updated accordingly. This impacts then UE specific and group common DCIs. 
In summary, URLLC power boosting with OLPC indication and with TPC enhancements are both feasible approaches and at least one of them shall be supported. The OLPC parameters configured by the gNB and provide more flexibility. Furthermore, TPC enhancements would require more discussions and could slow down the overall progress on this topic. It is therefore our slight preference to support URLLC power boosting with OLPC indication without using SRI.  
Proposal 4: In order to support inter-UE multiplexing between DG-eMBB and DG-URLLC, an enhanced power control mechanism is introduced. Two sets of OLPC parameters are preconfigured and one of them is indicated in the DCI that is scheduling the UL transmission. The SRI-field shall not be used.
URLLC on configured grant multiplexed with dynamically scheduled eMBB
Power control of URLLC on configured grant
The configured-grant resources are set by the gNB to satisfy the URLLC performance requirements on latency and reliability. When URLLC data is available at the UE it shall be possible to send it out in a timely manner.  Therefore, the transmission opportunities for the configured grant can be expected to be located very close to each other in time. It is possible to have no URLLC transmissions on the configured-grant resources for a long period. It would reduce the system efficiency, if these unoccupied resources could not be used for dynamic grant eMBB transmissions from other UEs instead. Therefore, it should be made possible that the gNB can schedule a DG-eMBB transmission fully or partially overlapping with the configured grant resources without impacting the performance of a possible other URLLC transmission. Since the CG-URLLC UE is not aware of other UEs’ scheduling when it will transmit data on its grant-free resources, collisions with other eMBB UEs might happen and this would degrade the URLLC decoding reliability. 
A solution to this problem is that URLLC UE gets an indication about time-frequency resources that are occupied by other UEs. This indication could be contained in a group common DCI similar to the DL preemption indication. The URLLC UE would be configured to monitor a PDCCH carrying this GC-DCI with a certain periodicity. Then, the URLLC UE can compare the indicated resources with its CG resources. If they overlap and if the URLLC UE has data to send, it will increase the transmission power. If there is no overlap it will use the default power level according to the CG configuration.
Proposal 5: In order to support inter UE multiplexing between DG-eMBB and CG-URLLC, RAN1 shall support the following functionality and behavior:
· A GC-DCI for indication of occupied time-frequency resources is defined
· The URLLC UE can be configured to monitor the GC-DCI containing the resource indication
· If the indicated resources overlap fully or partially with the time-frequency resources of one or multiple CG transmission opportunities (TOs) and the URLLC unit has data to send in these TOs, it will apply power boosting. If there is no resource overlap, the UE uses the default transmission power associated with the configured grant.   
The details of the DCI format and the monitoring periodicity need to be discussed further. Resource indication in GC-DCI is already specified for the DL pre-emption indication. The concept is the same as intended here for the UL power boosting, but the granularity of the time and frequency resources are very different. In DL PI the indicated resources describe an URLLC transmission, thus, the indicated signal is expected to be of contiguous wideband character with a rather short duration in time. For URLLC power boost, on the other hand, the indicated resources can describe multiple simultaneous, possible narrowband, eMBB transmission, each with rather long duration. Thus, the frequency domain resource should be possible to be indicated non-contiguously with a fine granularity, whereas the time-domain resources can be indicated in a rather coarse manner and cover a long duration. The details of the time-domain indication should be discussed further. One possibility would be to configure a timer that describes the start and duration of the applied power boost, another option would be to implicitly define the time domain through the monitoring periodicity of the GC-PDCCH.
Proposal 6: The GC-DCI is indicating the occupied resources in the frequency- and time domain as follows:
· Frequency domain: Non-contiguous resource indication with fine granularity. FFS details of granularity, e.g. PRB level or some PRB bundle size
· Time domain: A pre-defined time duration is supported. During this pre-defined time duration, the URLLC power is boosted. The details of the time-duration definition are FFS (e.g. explicit definition with a timer or implicit definition e.g. derived from the GC-PDCCH monitoring periodicity) 

This concept of resource indication and CG transmission with power boosting is illustrated in Figure 1 below. At slot “n” the GC-DCI is monitored. The DCI received in slot “n” indicates the green coloured resources in slot “n+1” and in slot “n+2” as being occupied by other UEs’ transmission. The UE compares these resources with its configured resources and detects a resource overlap. In case a URLLC transmission will happen during these slots, the transmission power will be boosted by e.g. 6dB. Note that a URLLC transmission also occurs on the overlapping resources. In slot “n+2” the GC-DCI is monitored again. This time, no overlap with the configured grant resources is detected. Potential URLLC transmissions will use the default power. 
 [image: ]
[bookmark: _Ref14300860]Figure 1 Power control method for Grant Free case

Rate matching of the CG transmission
A rate-matching approach was brought up very late during the last meeting. The basic idea behind the “rate matching” approach is to avoid an URLLC transmission on the overlapping resources. URLLC data shall only be transmitted on the CG resources that do not overlap with the indicated resources. To compensate for the reduced availability of resources, the code rate for the URLLC transmission shall be increased. Hence, the indication of the occupied resources and the monitoring of the GC-DCI could be the same as described above for the power control scheme but the UE behavior upon its detection is completely different. 
This approach suffers from multiple drawbacks compared to the power boosting:
· It prioritizes eMBB transmissions instead of URLLC transmissions. It ensures that eMBB can always transmit on free resources and URLLC UE get only assigned what is left and not already occupied. Then, the URLLC UE has to do the best it can with the remaining part of free resource and increase the code-rate in order to perform its transmission. This will significantly reduce the reliability and is turning the whole concept of URLLC prioritization upside down. It is prioritizing eMBB instead of URLLC,
· The performance has not been verified. The more overlap there is the higher the code rate that needs to be applied for URLLC. No results have been presented to show the level of reliability degradation induced on the URLLC.
· It is not a unified solution. It does not work at all with full overlap between URLLC and eMBB transmissions. Only on the condition that a fairly large amount of resources do not overlap, this approach could work to some extent in theory.

Considering the limited time in the remaining R16 meetings, spending more efforts on evaluating new solutions and figuring out the complicated issues mentioned above is not a responsible way to go. RAN1 should instead focus on the schemes that have been justified and evaluated sufficiently during SI phase and made it into WI, such as, power control scheme and UL cancelation.
Observation 3: The rate-matching approach prioritizes eMBB over URLLC, which is counter-intuitive. The URLLC transmission can only utilize resources that are not occupied by eMBB and shall do the best it can with them. Increasing the code rate to compensate for the reduced resource availability will decrease the URLLC performance. The URLLC performance has not been verified, but it is for sure that from a certain ratio of resource overlap, this approach is not workable.
Proposal 7: RAN1 should not consider rate-matching scheme for inter-UE UL prioritization and multiplexing.
System level simulations
To analyze the inter-UE uplink multiplexing between configured grant URLLC transmission and dynamic grant eMBB transmissions, we evaluate 3 different cases:
· Case 1: The eMBB and URLLC are transmitted on orthogonal resources, i.e. eMBB transmissions would not be scheduled on pre-configured grant free resources.
· Case 2: The eMBB transmissions can be scheduled on grant free resources, and a semi-static power control scheme is used for CG transmissions, the CG transmission power is increased by 6dB compare to the URLLC transmission power in Case 1.
· Case 3: The eMBB transmissions can be scheduled on grant free resources, then a dynamic power control scheme is used for the CG transmission. The CG UE is increasing its transmission power with 6dB in case it is using a CG that overlaps with the eMBB resources otherwise the same power as in Case 1 is used. 
We evaluate the URLLC performance according to the ratio of UEs that satisfy the reliability requirement of 1e-5 within the latency budget, and we evaluate the eMBB performance by measuring its UPT. In the system-level simulation, we assume a 7x3 cell deployment. In each cell, 5 URLLC UEs and 2 eMBB UEs are randomly dropped. The eMBB UEs have FTP-3 traffic. The subcarrier spacing is 30 kHz.
Table 1 - The performance of inter-UE multiplexing between grant free URLLC Tx and grant based eMBB Tx
	
	URLLC ratio satisfy 1e-5
	eMBB UPT(Mbps)

	Orth-transmission
	0.93
	1.04

	Semi-static TPC
	0.92
	1.24

	Dynamic TPC
	0.914
	1.51


The best URLLC performance is achieved in Case 1, when eMBB transmissions are not allowed to be scheduled on grant free resources (orthogonal transmissions), in that case 93% URLLC UEs satisfy the requirement of latency and reliability. But for Case 1, the URLLC performance is only very marginally better than for Case 2 and Case 3 even though URLLC transmissions are not interfered by eMBB transmission at all. For case 2, all URLLC transmissions on grant free resources are with higher level power, no matter whether eMBB transmissions are scheduled on the overlapping resource or not. This will increase the inter-cell interference and reduces the eMBB throughput in other cells. For case 3, power adjustment for URLLC transmissions will only occur when they do overlap with eMBB. In all 3 cases, URLLC performance is good enough and very similar. For the eMBB throughput, on the other hand, the performance is degraded significantly in Case 1, nearly 33% worse than for the case when eMBB transmissions are allowed to overlap with grant free resources and when a dynamic power control scheme is used. This again proves that if eMBB is allowed to be transmitted on grant free resources, it would improve the system efficiency significantly.  
Observation 4: Dynamic power control of the grant free URLLC UE has a similar URLLC performance as semi-static power control and also as orthogonal-transmission.  At the same time, it shows the best eMBB performance.
To avoid additional specification effort, the signaling mechanism to indicate the occupied resources could use the same framework that is designed for the UL cancellation signaling. 
According to the discussion above about URLLC power boosting for dynamic grant and configured grant, we support Option 1 with the following modification:
Proposal 8: RAN1 should support Option 1 with the following modification:
· Option 1: Indication of open-loop parameter sets by DCI 
· For DG-PUSCH, an open-loop parameter set indicated to the UE by scheduling DCI without using SRI is applied to the scheduled transmission
· FFS At least for single active CG-PUSCH, an open-loop parameter set is indicated determined to by the UE with resource indication carried in by a UE-specific field in group common DCI
· FFS for the case of multiple active CG-PUSCH
· FFS For a UE, the open-loop parameter sets for DG-PUSCH and CG-PUSCH may be same or different

UL Cancelation mechanism 
In RAN1 97#the following agreements have been achieved:
	Agreements:
· Support at least group common DCI for cancelation indication
· FFS whether or not to additionally support UE-specific DCI for cancelation indication
Agreements:
· Upon detecting an UL cancelation indication, at least stop without resuming is supported
· FFS whether and how to support stop with resume 
Agreements:
· Further discuss which UL transmissions that can potentially be cancelled by the UL cancelation indication, including
· Dynamic scheduled UL transmissions, including PUSCH, PUCCH, SRS
· Semi-persistent UL transmissions, including PUSCH, PUCCH, SRS
· Periodic UL transmissions, including configured grant PUSCH, PUCCH, SRS
· PRACH



The detailed design of UL cancelation needs to be discussed considering several factors, such as if UE specific or group-common signaling should be used and whether the eMBB transmissions may or may not resume after cancelation and which uplink transmissions should be cancelled.  
1) Group common vs UE specific signaling  
The group common DCI has been agreed already. But both solutions still have open issues. One major concern related to the UE specific signaling would be the reliability which needs to be significantly larger than for the DCI scheduling the initial eMBB transmission. Further discussion on UE-specific signaling can be considered if time permits. 
When defining the GC-DCI for UL PI at least following aspects need to be taken into account:
Observation 5: At least the following aspects should be discussed when specifying the GC-DCI for UL CI
· Granularity of resource indication, likely a coarse granularity in the frequency domain is sufficient but fine granularity in the time domain is needed.
· Required aggregation level to ensure the reliability
· PDCCH blocking? Any impact on max #CCEs/#BDs?
· UE processing time from PDCCH reception until UL cancellation
· Monitoring periodicity of GC-DCI
· Conditional monitoring (e.g. only when there is eMBB data to send)?

Both UL power boost and UL cancellation can use a GC-DCI for resource indication. In order to limit the standardization effort and implementation impact a unified solution should be developed.
· GC-DCI indicates resources (similar to DCI format 2_1)
· Depending on the supported traffic or UE configurations
· Dynamic eMBB PUSCH would be cancelled when overlapping with indicated resources
· CG-URLLC PUSCH would increase power by [6] dB when overlapping with indicated resources
Proposal 9: RAN1 shall strive for a unified signaling framework to carry resource indication for the case of UL cancellation and enhanced power control for grant-free UEs. 

2) UE behavior after cancelation 
Upon detection of an UL cancelation indication, the UE behavior needs to be decided, i.e. shall the UE cancel the corresponding UL transmission, including an on-going UL transmission, or shall only an UL transmission be cancelled that has not started yet? Another aspect is to decide is whether the UE shall resume its transmission after the cancellation or not.
So far, it has not been shown that resuming actually works. There are still open issues regarding the phase discontinuity. Also, if it would work, no evidence on the eMBB throughput gain has been provided. Furthermore, stop and resume would require to indicate from when the eMBB can resume its transmission. This would result in a more complex time-domain indication in the GC-DCI. Resuming, if it works, can be seen as an optimization, but it is not required, it would consume too much time to conclude during the WI phase.   
Proposal 10: The eMBB UE stops its transmission upon detection of UL CI. Resuming is not supported.
3) Which UL transmissions can be potentially cancelled
For PUSCH and PUCCH, the UE should be able to differentiate between the service types of eMBB and URLLC. URLLC transmissions have higher priority than eMBB transmissions, so UL cancelation would cancel eMBB transmissions when it comes to resource collision. For a UE that is supporting both eMBB and URLLC services, it should be able to cancel its eMBB transmissions rather than its URLLC transmissions.
If a PUCCH is scrambled by OCC, when it is impacted by UL cancelation, the orthogonality of rest PUCCH would be destroyed. But if the PUCCH format has no DMRS or scrambled by OCC, the cancelation rule should be re-considered, such as PUCCH format 0, as long as SRS. When part of PUCCH format 0 or SRS is impacted by UL cancelation, the rest can be transmitted.
Proposal 11: PUCCH and SRS can potentially be cancelled by the UL cancelation indication. The specific cancelation rule depends on the transmission characteristics.
The reference uplink resource for UL cancelation may not be of so fine granularity that it exactly can match the URLLC PUSCH. It is possibly larger and then the beginning of the next eMBB PUSCH could also be located inside the reference resource. It is hard to know whether a part of next PUSCH is impacted or not. How to deal with this situation should also be considered.
Observation 6: The granularity of the UL PI might impact multiple consecutive eMBB PUSCH transmissions.
Uplink cancelation does not need to be restricted to eMBB. It can also be used on inter-URLLC-UE multiplexing, where different UEs run different URLLC services with different requirements. When UL cancelation is used for periodic UL transmission of configured grant with repetitions, the impacted transmissions can be cancelled. Here, it is important to consider the redundancy version of a specific transmission, if it is self-decodable. For example assume that the one self-decodable transmission is cancelled due to UL CI, then, if the next transmission is not self-decodable there is no point in transmitting it even if it is not colliding with another UE’s transmission.
[bookmark: _GoBack]Observation 7: The redundancy version of an UL transmission succeeding a cancelled transmission should be considered. In case it is not self-decodable it might also be cancelled, even if it is not colliding with another UE’s transmission.
Conclusion
In this contribution, we analyze the possible scenarios and some design details for UL cancelation and UL enhanced power control schemes for inter-UE UL multiplexing between URLLC and eMBB. The two approaches can complement each other. For the enhanced power control, dynamic indication of open loop power control parameters should be specified. We make the following observations and proposals for enhanced UL power control:
Observation 1: Using the SRI-field to power boost URLLC by means of OLPC indication can result in very large DCI bit-field sizes and is restricting the legacy functionality related to SRS.
Proposal 1: If UE specific OLPC indication is adopted for URLLC power boost, the DCI field shall be decoupled from SRI.
For the enhanced TPC signaling, we analyze two approaches, that the TPC command remains 2bits wide with an additional configured TPC table and that the TPC command field changes to 3 bits:
Observation 2: Increasing the TPC field to 3 bits is reducing the number of UEs that can be indicated with the DCI format 2_2.
Proposal 2: If TPC enhancements are adopted for URLLC power boosting, then at least the absolute TPC value shall be modified. FFS if also the accumulated value has to be changed.
Proposal 3: If TPC enhancements are adopted for URLLC power boosting, then all DCI formats that contain the TPC command shall be updated accordingly. This impacts then UE specific and group common DCIs. 
TPC enhancements would require more discussions and could slow down the overall progress on this topic. It is therefore our slight preference to support URLLC power boosting with OLPC indication without using SRI.
Proposal 4: In order to support inter-UE multiplexing between DG-eMBB and DG-URLLC, an enhanced power control mechanism is introduced. Two sets of OLPC parameters are preconfigured and one of them is indicated in the DCI that is scheduling the UL transmission. The SRI-field shall not be used.
We also discuss the case that URLLC on configured grant is multiplexed with dynamically scheduled eMBB, following proposals are made:
Proposal 5: In order to support inter UE multiplexing between DG-eMBB and CG-URLLC, RAN1 shall support the following functionality and behavior:
· A GC-DCI for indication of occupied time-frequency resources is defined
· The URLLC UE can be configured to monitor the GC-DCI containing the resource indication
· If the indicated resources overlap fully or partially with the time-frequency resources of one or multiple CG transmission opportunities (TOs) and the URLLC unit has data to send in these TOs, it will apply power boosting. If there is no resource overlap, the UE uses the default transmission power associated with the configured grant.
Proposal 6: The GC-DCI is indicating the occupied resources in the frequency- and time domain as follows:
· Frequency domain: Non-contiguous resource indication with fine granularity. FFS details of granularity, e.g. PRB level or some PRB bundle size
· Time domain: A pre-defined time duration is supported. During this pre-defined time duration, the URLLC power is boosted. The details of the time-duration definition are FFS (e.g. explicit definition with a timer or implicit definition e.g. derived from the GC-PDCCH monitoring periodicity)
In the last meeting a rate-matching approach for URLLC on configured grant was brought up. In our view and considering the limited remaining time, RAN1 should not focus on this scheme because it hasn’t been evaluated and justified. 
Observation 3: The rate-matching approach prioritizes eMBB over URLLC, which is counter-intuitive. The URLLC transmission can only utilize resources that are not occupied by eMBB and shall do the best it can with them. Increasing the code rate to compensate for the reduced resource availability will decrease the URLLC performance. The URLLC performance has not been verified, but it is for sure that from a certain ratio of resource overlap, this approach is not workable.
Proposal 7: RAN1 should not consider rate-matching scheme for inter-UE UL prioritization and multiplexing.
We also performed SLS to show the benefits of dynamic power control for grant free. Three schemes have been compared, a) orthogonal scheduling (ideal URLLC), b) semi-static power control (URLLC always transmits with 6dB more when overlapping with eMBB) and c) dynamic power boost, where URLLC power is only increased when it is overlapping with eMBB. Our SLS show that the all cases have basically same URLLC performance, but eMBB performance when dynamic power control is used is outclassing the other schemes. Our results are captured in the following observation:
Observation 4: Dynamic power control of the grant free URLLC UE has a similar URLLC performance as semi-static power control and also as orthogonal-transmission.  At the same time, it shows the best eMBB performance.
For the support of enhanced power control of grant-free UEs, following proposal is made:
Proposal 8: RAN1 should support Option 1 with the following modification:
· Option 1: Indication of open-loop parameter sets by DCI 
· For DG-PUSCH, an open-loop parameter set indicated to the UE by scheduling DCI without using SRI is applied to the scheduled transmission
· FFS At least for single active CG-PUSCH, an open-loop parameter set is indicated determined to by the UE with resource indication carried in by a UE-specific field in group common DCI
· FFS for the case of multiple active CG-PUSCH
· FFS For a UE, the open-loop parameter sets for DG-PUSCH and CG-PUSCH may be same or different
For UL cancellation, details on the signaling need to be discussed. For GC-DCI at least the following aspects should be addressed:
Observation 5: At least the following aspects should be discussed when specifying the GC-DCI for UL CI
· Granularity of resource indication, likely a coarse granularity in the frequency domain is sufficient but fine granularity in the time domain is needed.
· Required aggregation level to ensure the reliability
· PDCCH blocking? Any impact on max #CCEs/#BDs?
· UE processing time from PDCCH reception until UL cancellation
· Monitoring periodicity of GC-DCI
· Conditional monitoring (e.g. only when there is eMBB data to send)?
The GC signaling for UL CI and also for URLLC power boost on configured grant, can both be designed to indicate impacted resources within a reference region.   
Proposal 9: RAN1 shall strive for a unified signaling framework to carry resource indication for the case of UL cancellation and enhanced power control for grant-free UEs. 
It has been debated whether or not a cancelled PUSCH should be resumed for the remainder of the slot. The feasibility of such an approach has not been shown yet and also the resource indication in the DCI would become more complicated. In our view, we should first get a basic framework for UL CI into place, i.e. support stopping without resuming.   
Proposal 10: The eMBB UE stops its transmission upon detection of UL CI. Resuming is not supported.
It has also been discussed which other channel besides the PUSCH can be cancelled:  
Proposal 11: PUCCH and SRS can potentially be cancelled by the UL cancelation indication. The specific cancelation rule depends on the transmission characteristics.
Observation 6: The granularity of the UL PI might impact multiple consecutive eMBB PUSCH transmissions.
Observation 7: The redundancy version of an UL transmission succeeding a cancelled transmission should be considered. In case it is not self-decodable it might also be cancelled, even if it is not colliding with another UE’s transmission.
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Appendix
Table 3. SLS evaluation assumptions
	Carrier frequency
	4GHz

	Layout
	7 x 3 cell deployment

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

	BS receiver
	MMSE 

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz

	URLLC traffic model
	FTP model 3 

	URLLC packets arrival rate
	120 p/s

	URLLC packet size
	32byte

	URLLC TO
	7 OFDM symbol

	URLLC frequency allocation
	4 PRB

	URLLC transmission MCS
	MCS13 (2, 526/1024)

	eMBB traffic model
	FTP model 3

	eMBB packets arrival rate
	1000p/s

	eMBB packet size
	1000byte
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