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[bookmark: _Ref497831218]Introduction
At RAN1 #98 meeting, the following agreements were achieved for UL inter-UE multiplexing [1]:
Agreements:
· Reuse the existing methods for search space configuration to support UL CI monitoring
· FFS possible restrictions
· Note: this means both symbol level and slot level monitoring periodicities are possible from specification perspective
Agreements:
· The UE DCI size budget is not increased by UL CI monitoring
· Further discuss methods to reduce the UE monitoring for UL CI, e.g. 
· The number of aggregation levels and/or candidates for the UL CI monitoring should be limited
· [bookmark: OLE_LINK20][bookmark: OLE_LINK21]Conditions for eMBB UE UL CI monitoring:
· For UL transmission with associated PDCCH, 
· Option 1: UE starts UL CI monitoring after the PDCCH is decoded
· Option 2: UE monitors UL CI at least at the latest monitoring occasion ending no later than X symbols before the start of the UL transmission, and X is related to UL CI processing time.
· For UL transmission without associated PDCCH, UE monitors UL CI at least at the latest monitoring occasion that ends no later than X symbols before the start of the UL transmission, and X is related to UL CI processing time. 
· Other conditions?
· Others?
· FFS the enhancement of UE capability (number of non-overlapping CCE and/or blind decodes) for UL CI monitoring
Agreements:
· Upon detecting an UL cancelation indication, for the transmission of UL signal/channels, “stop with resuming” is not supported
· Except:
· SRS can still be transmitted on the non-cancelled symbols (conditioned on if SRS can be pre-empted)
· FFS for the PUSCH repetition (Rel-15 & Rel-16) case
· FFS for the PUCCH repetition case (conditioned on if PUCCH can be pre-empted)
· FFS whether another PUSCH can be scheduled in non-pre-empted resource
· FFS impact (e.g. phase continuity issue) to a different carrier due to UL cancelation
Agreements:
· The following UL channel/signals can be cancelled by UL cancelation indication
· PUSCH (including DG-, CG- and SP-)
· FFS for SRS
· FFS for PUCCH 
· Option 1: PUCCH (all types) can be cancelled
· Option 2: Some PUCCH can be cancelled, e.g. PUCCH carrying CSI
· Option 3: PUCCH cannot be cancelled
· FFS for PRACH (preamble and/or MSG 3 PUSCH) 
Agreements:
· The UE processing time requirement for UL cancelation indication based on N2 defined in Rel-15 UE cap#2 is supported
· FFS whether the processing time requirement for UL cancelation indication larger than N2 as defined in Rel-15 UE cap#2 can also be supported as an UE capability
· FFS whether the processing time requirement for UL cancelation indication shorter than N2 as defined in Rel-15 UE cap#2 as can also be supported an UE capability 
Agreements:
· [bookmark: OLE_LINK22][bookmark: OLE_LINK23]For a DG-PUSCH, an open-loop parameter set indicated to the UE by scheduling DCI using a separate field than SRI is supported. 
· FFS number of bits for the indication
In this contribution, we discuss the details of UL cancelation and enhanced UL power control.
Discussion
UL cancelation scheme
The DCI based indication design
It was agreed at RAN1 96bis meeting that support at least group common DCI for cancelation indication and whether support UE-specific DCI for cancelation indication is FFS. The major benefit of group common DCI is that DCI overhead could be reduced if more than one eMBB PUSCHs are needed to be cancelled as it carries CIs for different UEs. However, the benefit comes from group common DCI highly depends on the detail design of group common CI. For example, if there are UE-specific bit fields within the group common DCI, gNB may still have to transmit more than one group common DCI aiming to different UEs. Furthermore, gNB has to transmit additional UL grants to reschedule those cancelling PUSCHs. From this perspective, the overall DCI overhead is increased.  A UE-specific DCI based CI can be additionally supported as it neither needs additional specification work nor increases the overall DCI overhead. For example, if the eMBB traffic is heavy and proper grouping could be achieved among UEs, group common DCI could be used for PUSCH cancellation; otherwise UE-specific DCI can be adopted.
Proposal 1: UE-specific cancellation indication should be additionally supported.


With respect to the group common DCI based CI, the payload size is a critical issue due to the requirement of ultra reliability. As agreed at the last meeting, the UE DCI size budget is not increased by UL CI monitoring. In the other words, the group common DCI carrying CI should be aligned with either fallback DCI or non-fallback DCI. Given a smaller DCI size is beneficial to guarantee reliability, it is better to align the size of CI DCI with that of Rel-15 fallback DCI. The bit field overhead for fallback DCI 1_0 is provided in Table 1. As all the bit fields contained in DCI format 1_0 are fixed, the overall payload size is determined by the BWP, i.e. . Assuming the maximum BWP is applied, i.e. 275 RBs, the bit length of FDRA is 16 bits which lead to a 44 bits payload size.  Accordingly, the maximum payload size of CI should not larger than 44bits.
Proposal 2: For group common DCI based CI, the payload size should be aligned with size of fallback DCI.  
Table 1: The bits overhead for fallback DCI 1_0 
	Field 
	Bits 

	Identifier for DCI formats
	1

	Frequency domain resource assignment
	


	Time domain resource assignment
	4

	VRB-to-PRB mapping
	1

	Modulation and coding scheme
	5

	New data indicator
	1

	Redundancy version
	2

	HARQ process number
	4

	Downlink assignment index
	2

	TPC command for scheduled PUCCH
	2

	PUCCH resource indicator
	3

	PDSCH-to-HARQ_feedback timing indicator
	3

	Total 
	44 bits assuming BWP contains 275 RBs



The resource indication for cancelation
There are two possible structures for a group common DCI carrying CI, i.e. a single common bit field which is applied to all UEs and several UE-specific bit fields which are applied to each UE respectively. 
Regarding the UE-specific bit-filed structure, each UE–specific field can only be allocated up to (44/M) bits where the M is the number of UEs monitoring the CI. As a typical example, assume there are 5 UEs in a group then each bit filed size would be about 8 or 9 bits which would cause a rough granularity of cancelation, especially when the fallback DCI has a smaller payload size the bits applicable for each UE will be fewer.  Even if the granularity caused by limited indication bits is acceptable, the capacity for supporting the number of UE would also be a critical limitation. On the other hand, the indicating accuracy would be unacceptable if gNB wants to indicate more UEs with a single GC-DCI based CI, e.g. indicating 10 UEs simultaneously will result in 4 bits-CI indication for each UE at most. If UE-specific bit filed is defined for each UE, more efficient cancellation method should be studied instead of simply dividing the total payload size equally to each UE and use each bit field to indicate the cancellation within the RUR. 
Observation 1: If UE-specific bit filed is defined for each UE in a GC DCI carrying CI, more efficient cancellation method should be studied instead of simply dividing the total payload size equally to each UE.

For the group common bit-field structure, a time/frequency region for group common CI should be defined. The explicit and implicit methods had been proposed to determine the time/frequency region at previous meeting.  The explicit method is to configure the time and frequency region by RRC or by DCI indication. The implicit method is to determine the time region based on the minimum processing time and the monitoring periodicity of UL CI, and the frequency region equals to the UL active BWP.
For the proposed implicit methods, some issues may occur in TDD case that fixed start position and length may result in a region which only contains downlink symbols. A more desirable solution is the time region starts at the first available uplink symbol from at least X symbols after the ending symbol of the PDCCH carrying CI, where X is the minimum processing time for UL cancelation, and the length of the time region should be considered that the time region ends at the slot boundary, a related example is shown in Figure 1.
Proposal 3: The starting symbol of the reference UL region in time domain is the first available uplink symbol from at least X symbols after the ending symbol of the PDCCH carrying the UL CI, where X is the minimum processing time for UL cancelation, and the ending symbol of the reference UL region in time domain is the slot boundary.


[bookmark: _Ref20405421]Figure 1: the improved implicit method for determining the time region
For frequency region, it can be either implicitly determined by the active UL BWP or configured by a RRC signaling. It should be noted that the UL BWP of different UE may be quite different. If the frequency region of RUR is implicitly by the active UL BWP, gNB has to configure a UE group wherein all UEs have the same BWP size. It is a kind of restriction. In contradictory, the RRC configured reference BWP size is more flexible as it can configure a group of UEs with the same or different BWP size which depends on gNB implementation. 
Proposal 4: For determination of RUR frequency region, a reference BWP size could be configured by RRC.
As proposed at previous meeting, the actual pre-empted resources are indicated from both time and frequency region, there are three possible solutions as following:
· Option 1: Separate bitmap indication for time/frequency domain 
· Option 2: SLIV like indication for time/ frequency domain (start and length)
· Option 3: Joint bitmap similar to DL PI, i.e. bitmap for time/frequency grids
For Option 1, two separate bitmaps are used to indicate time domain and frequency domain resource pre-emption respectively. It could achieve a finer granularity under such payload size assumption, but false cancelation may occur where an unaffected PUSCH of eMBB UE may be canceled unexpectedly. An example for false cancelation is shown in Figure 2 that the unaffected eMBB PUSCH overlaps with the pre-empted resource indicated by CI, which would have to be cancelled.


[bookmark: _Ref20496262]Figure 2 : False cancelation for option 1
With respect to option 2 with SLIV indication, there are two possible solutions: 1) using two separate SLIVs to indicate time domain and frequency domain respectively. 2) A single SLIV is used to jointly indicate both time domain and frequency domain pre-emption. No matter which solution is applied, non-overlapping eMBB PUSCHs will be mistakenly cancelled as SLIV can only indicate consecutive resources which the examples are shown in Figure 3 and Figure 4 respectively. 


[bookmark: _Ref20496275]Figure 3: False cancelation for solution 1 of Option 2



[bookmark: _Ref20643141]Figure 4:  False cancelation for solution 2 of Option 2

For Option 3, the RUR can be partitioned into up to 44 sub-blocks and each bit of the bitmap indicates the status of a certain sub-block. Considering there are 14 OFDM symbols in time domain, the BWP can be partitioned into 3 bands if we want to guarantee the indication accuracy of time domain. The indication granularity is too coarse to achieve a precise cancellation.
Besides, we provide two additional solutions as following to improve the shortages encountered with the above options: 
· Option 4: Sub-block SLIV indication 
· Option 5: Introduce a common time domain bitmap to indicate on which symbols URLLC is transmitted and additionally use 1 bit for each UE to indicate whether the UE need to cancel its eMBB PUSCH on the indicated symbol(s).
For Option 4, the reference region is divided into several sub-blocks and each sub-block is further divided into smaller grids where the SLIV indication is applied to each sub-block. An example is shown in Figure 5, the reference region is divided into 2 sub-blocks and each sub-block is divided into 28 small grids with independent indexes. Since 44 bits payload size can be used for CI, a finer granularity for partition could be supported. For example, the reference region is divided into 4 sub-blocks and each sub-block occupies 11bits for SLIV which can support around 63 basic grids within one sub-block. In such partitions, the sub-blocks could support indication of multiple non-contiguous URLLC PUSCH overlapping. In addition, the total number of grids is about 252 which provide a more accurate granularity than Option 3.


[bookmark: _Ref20755110]Figure 5: Option 4, two level partition of reference region with SLIV indication
For Option 5, it does not need to define the frequency granularity. In fact, if URLLC traffic is partially overlapping with the eMBB PUSCH in frequency domain, the eMBB UE is expected to cancel the entire PUSCH since the stop without resume is supported. As an improved approach, option 5 use a common time domain bitmap to indicate on which symbols URLLC is transmitted and additionally use 1 bit for each UE to indicate whether the its eMBB PUSCH is really impacted or not on the indicated symbol. Assume there are 3 eMBB UEs detecting the same CI targeting to a defined time region, we need additional 3 bits field to tell UEs which UE is exactly affected. An example is shown in Figure 6, the bits information “00 0100 0001 0000” informs UEs that URLLC PUSCH exists on the third and ninth symbol, and additional information bits “110” indicate that UE#3 is not impacted and it does not need to cancel its eMBB PUSCH. As only 1bit is necessary for each UE in the UE-specific bit field as shown in Figure 7, the capacity is not a problem. Furthermore, the false cancellation can be easily avoided as gNB can precisely indicate a UE with an individual indication whether it need to cancel its eMBB PUSCH. 



[bookmark: _Ref20398995]Figure 6: Option 5, time domain bitmap and use a bit sequence to indicate which UE is actually impacted


[bookmark: _Ref20498018]Figure 7: the DCI structure for Option 5

As analyzed above, we summarize merits and shortages among Option 1~5 in Table 2. The supported partitions in reference region and the possibility of false cancelation are provided. The Option 1 and Option 2 have high probability of false cancelation due to the separate or continuous indication as discussed above. For Option 3, the granularity of cancellation is coarse. The improving approach of Option 4 could perform better. Since the Option 5 point out directly which UE is impacted, the chance of false cancelation is the lowest.
Table 2: The comparison of different solutions for cancelation indication of GC based DCI
	Schemes
	The supported partitions in reference region.
	Possibility of false cancelation 

	Option1, separate bitmap indication for time/frequency domain
	N grids for time domain and 44-N grids for frequency domain.
	High

	Option2, SLIV indication for time/frequency domain
	For solution 1 of Option2:  grids for time domain and 44- grids for frequency domain, where the M is the bit size allocated for time domain.
For solution 2 of Option 2: around 5931600 grids within reference region
	high

	Option3, 2D bitmap similar to DL PI
	44 grids within reference region 
	Medium 

	Option4, two level partition of reference region with SLIV indication
	K big grids, each big grid could include about 44/K bits for SLIV, i.e., 4 sub-blocks and 11bits for SLIV which could support 63 grids in each sub-block.
	Medium

	Option5, use time domain bitmap and a bit sequence to indicate which UE is actually impacted
	Assume L bits for bitmap, up to 44-L bits can be used to indication indicate which UE is actually impacted
	Low 



Proposal 5: Either option 4 or option 5 can be adopted as the UL cancellation indication.

Stop without resume for PUSCH repetition
At last meeting, it was agreed that upon detecting an UL cancelation indication, “stop with resume” is not supported for the transmission of UL signal/channels with some exceptions, e.g. for the PUSCH repetition case. Whether a PUSCH is canceled depend on whether its PUSCH is indicated by CI, “stop without resume” is only applicable to the current impacted PUSCH. If the following PUSCH transmission is not overlapped with URLLC PUSCH, it does not need to be cancelled since it still have chance to be decoded correctly. 
Proposal 6: For PUSCH repetition, “stop without resume” is only applicable to the impacted PUSCH transmission.

Scheduling and processing timeline 
As agreed in last meeting the UE processing time requirement for UL cancelation indication based on N2 defined in Rel-15 UE cap#2 is supported. It is still open that whether the processing time requirement for UL cancelation indication larger or shorter than N2 as defined in Rel-15 UE cap#2 can also be supported as an UE capability. In order to figure out this issue, we provide an example shown in Figure 8.  In the example we adopt UE PUSCH timing capability 1 and PUSCH timing capability 2 in 38.214 for UE1(eMBB UE) and UE2 (URLLC UE) respectively for 30KHz SCS. The gNB processing time is assumed to be same as PUSCH timing capability 2. The first UE is configured to monitor PDCCH once per slot for UL grants, while the second UE is configured to monitor 4 times per slot with the same CORESET duration of 1 symbol. The SR periodicity is set to the minimum of 2 symbols and is transmitted on 2-symbol PUCCH Format 0. As shown in Figure 8, the processing time for an UL cancelation cannot be larger than the URLLC UE PUSCH preparation time, and consider the TA impact, the minimum processing time would be further smaller. This means that any improvement in URLLC PUSCH processing capabilities to reduce latency must also be matched by a corresponding reduction in UL cancelation processing time for a non-URLLC UE. 
Proposal 7: A non-URLLC UE configured to monitor for UL cancelation indication must be able to process the UL cancelation channel at least as fast as the PUSCH preparation time for the URLLC UE. 
A second issue is that the UL cancelation indication should also consider the UE transient time for turning off the TX power if the non-URLLC UE has already started transmission or is within the ramp-up time for PUSCH transmission. Therefore, the total time margin before the URLLC UE starts transmitting is provisioned at the non-URLLC UE to include: 

Observation 2: For an ongoing PUSCH transmission by a first UE, the total processing time between the first UE receiving an UL cancelation indication and the start of the PUSCH transmission at a second UE should include the power ramp down time at the first UE.
[image: ]
[bookmark: _Ref7106575]Figure 8 cancelation of a first PUSCH by a second scheduled PUSCH


Reduction of CI monitoring 
As a simple example considering the case of a 1-symbol CORESET with 96 RBs and on average AL8 PDCCH candidates are used to schedule URLLC UEs. To enable UL cancellation, a PDCCH containing UL interruption should also be scheduled at the same time. Therefore, since the PDCCH capacity supports two AL8 candidates, one PDCCH can schedule a DL assignment or UL grant while the other may be used to indicate a potential UL cancellation. There is therefore a tradeoff between PDCCH overhead (increased BW or additional symbols) for providing cancelation indication versus system spectral efficiency or PDCCH blocking when additional URLLC users need to be scheduled. 
In order to guarantee URLLC transmission reliability, gNB should cancel eMBB PUSCH which is transmitted on the resources overlapping with URLLC PUSCH as soon as possible. Denser monitoring occasion for a search space related to UL cancelation indication is critical considering the latency requirement.  One typical example is UE may have to monitor UL CI per 2 OS. Considering the high reliability of UL CI, larger AL should be used, e.g. AL 8 or AL 16. Even only one AL 8 PDCCH candidate is configured for each MO, 56 CCEs are required and the UE capability certainly becomes a limited factor.  On the other hand, BD may also be an issue although the maximum number of BDs within a slot is typically regarded sufficient for URLLC scenario. Assuming there are 7 MOs within a slot and 2 BDs are configured for each CSS, there will be 14 additional BDs in one slot when CI monitoring is configured for a UE. If a UE has to monitor CI at every occasion, then the maximum #BDs would easily exceed the maximum PDCCH monitoring capability. Therefore, the PDCCH overhead reduction should be seriously investigated. The following mechanisms targeting to reduce the additional PDCCH overhead brought by UL cancelation indication can be considered.
UE monitors PDCCH carrying UL cancelation indication only within a window and skips all the PDCCH monitoring occasions related to UL cancelation indication which are out of the window should be considered. With regard to the start time of the UE monitoring, two options are proposed as the following [1]: 
· Option 1: UE starts UL CI monitoring after the PDCCH is decoded
· Option 2: UE monitors UL CI at least at the latest monitoring occasion ending no later than X symbols before the start of the UL transmission, and X is related to UL CI processing time.
Regarding the Option 1, the UE may miss the CI if the gNB sends the CI before the UE complete the PDCCH decoding as shown in Figure 9. Therefore the Option 2 should be considered to determine the start time of UE monitoring. It can be seen that the above methods were proposed to reduce the UE monitoring for UL CI which is mainly focus on how to determine the starting position of CI monitoring whilst the other conditions are not precluded, i.e. define the ending position corresponding to CI monitoring.  It is clear that the end time of UE monitoring should also be determined to further reduce the UE monitoring. As the current option1 and option2 only tells a UE when it should start to monitor CI, it can be regarded as a trigger of CI monitoring.  If the end time of UE monitoring is not defined and there is no eMBB PUSCH transmission in the following slots as shown in Figure 10, then UE has to continue to monitor CI in vain. Therefore, a CI monitoring window can further reduce PDCCH monitoring effort compared to a triggering mechanism.



[bookmark: _Ref20499404]Figure 9: UE miss the CI for Option 1

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In order to show how a CI monitoring window reduces the PDCCH monitoring overhead, we further provide an example based on the aforementioned analysis. The UL cancelation indication monitoring window starts from the symbol satisfying T prior to the starting symbol of the eMBB PUSCH, and ends at the symbol which is N symbols prior to the ending symbol of the PUSCH scheduled by the same UL grant.  As UE doesn’t need to monitor PDCCH within every monitoring occasion corresponding to UL cancelation indication, the PDCCH overhead can be significantly reduced. Assuming a UL grant is transmitted at first symbol in slot n to schedule an eMBB PUSCH on slot n+2, and the configured monitoring period of CI is 2OS and 2BDs are configured for each search space. If the CI window is not specified, the eMBB UE has to at least start monitoring CI after receive the UL grant immediately, which means the total additional number of BDs introduced by monitoring CI on slot n~n+2 is . Fortunately, the monitoring burden for CI would be decreased significantly by defining a UL CI monitoring window. As an example shown in Figure 10, assuming the minimum processing time for CI is 6 OS. For the scheduled eMBB PUSCH at slot n+2, the end position of UL CI window is 6OS prior to the last symbol of eMBB PUSCH, since there is a case that 1 OS URLLC PUSCH is transmitted on the last symbol. The starting position of UL CI window is 7OS prior to the first symbol of slot n+2, and the latest transmission occasion for CI is on the 8th symbol in slot n+1. With such UL CI window definition, the total additional number of BDs for CI on slot n~n+2 is , it is decreased about 66.6%. 



[bookmark: _Ref20498294][bookmark: _Ref20643232]Figure 10: A monitoring window for UL cancelation indication monitoring
Table 3: PDCCH monitoring reduction by CI window
	
	CI monitoring without window
	CI monitoring with window
	Ratio of reduction

	Number of  BD
	42
	14
	66.6%

	Number of CCE
	168
	56
	66.6%



Observation 3: UL cancelation indication requires small monitoring periodicity and large aggregation level, which would increase the PDCCH monitoring burden.
Observation 4: If only define the start time of UE monitoring of CI without associated end time, the UE would continue to monitoring CI in vain if next slots have no PUSCH scheduling at all.
Proposal 8: Support to define the UL CI monitoring window in order to reduce the UE monitoring burden.
· The starting position should start no later than X symbols before the start of the UL transmission
· The ending position should be no later than X symbols prior to the ending of eMBB PUSCH
· X is related to UL CI processing time

The prioritization/multiplexing with other UL transmissions
There were short discussions at last meeting whether the other UL transmissions except PUSCH can be cancelled when disturbing a URLLC PUSCH.  
Cancelling a PUCCH with multiple ACK/NACK information will deteriorate eMBB transmission severely. In general, gNB should strive to avoid scheduling a URLLC PUSCH on the resources overlapping with other UE’s PUCCH since the information transmitted on PUCCH, i.e. SR/ACK/NACK, is important. One typical configuration is to allocate the PUCCH resources at band edge and schedule PUSCH transmission within the left part.  
The same mechanism can be applied to type1 grant free transmission. gNB should avoid any potential overlapping between PUCCH resources and configured resources at the first place. 
In order to ensure high reliability of URLLC transmission, network should strive to avoid the interference by SRS/PRACH.  SRS could be configured with up to 4 consecutive OFDM symbols and starting at any OFDM symbol within the last 6 symbols in a slot. In Rel-15, it is gNB’s implementation to avoid the collision between PUSCH and SRS. The same method could be reused for URLLC PUSCH. If collision between URLLC PUSCH and SRS occurs, gNB could indicate the victim UE to boost transmission power. PRACH resources are configured by RMSI which is critical for system performance. On the other hand, PRACH configurations do not consume many resources hence the collision of URLLC and PRACH would be pretty low. The collision between PRACH and URLLC can be avoided by proper network configuration
Proposal 9: The collision of URLLC PUSCH and eMBB PUCCH /PRACH should be avoided by resource configuration or scheduling.

Enhanced UL power control
For DG-PUSCH, an open-loop parameter set indicated to the UE by scheduling DCI without using SRI has been agreed.  With regard to the number of bits for the indication, only normal power parameter and a higher power parameter would have some limitation if network would like to do medium power boosting to balance the interference to neighbor cell. Besides, the payload size for power boosting is not expected to be large in order to save the DCI overhead. In our view, 2 bits payload size is sufficient for indication of power boosting for DG-PUSCH. On the other hand, dynamic indication may not be necessary if gNB could make sure there are no collision between eMBB and URLLC traffic.
Proposal 10: For a DG-PUSCH, at most 2 bits for power boosting indication is sufficient.
For the case of multiple active CG-PUSCH, an unaffected configured grant resource may be configured to boost power, which causes unnecessary power boosting and brings additional interference to the other UEs. Three possible solutions were summarized as following [2]: 
· Option 1: Indication of open-loop parameter sets by DCI 
· 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
· Option 2: Indication of TPC with increased range by 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
· Option 3: 
· 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
· [bookmark: _GoBack]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
Considering the spirit of power boosting is to ensure the performance of URLLC PUSCH, actually the Option1 that an open-loop parameter set is indicated to the UE by a UE-specific field in group common DCI is sufficient to guarantee the URLLC performance. Option 2 with TPC command needs additional effort to define TPC table and the applicable period of TPC command. The Option 3 only can choose a normal transmission power or a higher transmission power, which is not flexible compare to other methods. 
The open-loop parameters sets for CG-PUSCH are determined by the received power of the interfering UEs, so they could be the same as the interference is uniform no matter the URLLC is scheduled by a dynamic grant or configured by RRC signaling. Therefore, an open-loop parameter set is indicated to the UE by a UE-specific field in group common DCI should be supported for CG-PUSCH.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Proposal 11: For CG-PUSCH, an open-loop parameter set is indicated to the UE by a UE-specific field in group common DCI is supported.

Conclusion
This contribution investigated the benefits and drawbacks of inter-UE multiplexing mechanisms. We have the following observations:
Observation 1: If UE-specific bit filed is defined for each UE in a GC DCI carrying CI, more efficient cancellation method should be studied instead of simply dividing the total payload size equally to each UE.
Observation 2: For an ongoing PUSCH transmission by a first UE, the total processing time between the first UE receiving an UL cancelation indication and the start of the PUSCH transmission at a second UE should include the power ramp down time at the first UE.
Observation 3: UL cancelation indication requires small monitoring periodicity and large aggregation level, which would increase the PDCCH monitoring burden.
Observation 4: If only define the start time of UE monitoring of CI without associated end time, the UE would continue to monitoring CI in vain if next slots have no PUSCH scheduling at all.
In addition we propose that 
Proposal 1: UE-specific cancellation indication should be additionally supported.
Proposal 2: For group common DCI based CI, the payload size should be aligned with size of fallback DCI.  
Proposal 3: The starting symbol of the reference UL region in time domain is the first available uplink symbol from at least X symbols after the ending symbol of the PDCCH carrying the UL CI, where X is the minimum processing time for UL cancelation, and the ending symbol of the reference UL region in time domain is the slot boundary.
Proposal 4: For determination of RUR frequency region, a reference BWP size could be configured by RRC.
Proposal 5: Either option 4 or option 5 can be adopted as the UL cancellation indication.
Proposal 6: For PUSCH repetition, “stop without resume” is only applicable to the impacted PUSCH transmission.
Proposal 7: A non-URLLC UE configured to monitor for UL cancelation indication must be able to process the UL cancelation channel at least as fast as the PUSCH preparation time for the URLLC UE. 
Proposal 8: Support to define the UL CI monitoring window in order to reduce the UE monitoring burden.
· The starting position should start no later than X symbols before the start of the UL transmission
· The ending position should be no later than X symbols prior to the ending of eMBB PUSCH
· X is related to UL CI processing time
Proposal 9: The collision of URLLC PUSCH and eMBB PUCCH /PRACH should be avoided by resource configuration or scheduling.
Proposal 10: For a DG-PUSCH, at most 2 bits for power boosting indication is sufficient.
Proposal 11: For CG-PUSCH, an open-loop parameter set is indicated to the UE by a UE-specific field in group common DCI is supported.
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