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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK3]In RAN #83 meeting, a new WI regarding “Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC)” was approved [1]. The objectives about UL inter-UE Tx prioritization/multiplexing are as follows. In this contribution, we discuss and present our views on the design of UL cancelation mechanisms for URLLC, such as signalling design and related UE behaviours for monitoring and cancellation. Besides, enhanced UL power control scheme including power control parameter determination, whether to increase TPC step/range will also be discussed. 
	· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]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)  




2. UL cancelation mechanisms
2.1. Physical channel/signal used for the UL cancelation indication 
During the discussion in SI, following options of physical channel/signal were proposed for UL cancellation indication.
· Option 1: PDCCH with group common DCI or UE-specific DCI
· Option 2: Group common sequence or UE-specific sequence 
To determine the PHY channel for UL cancellation indication, following aspects should be taken into account.
· Reliability
For eMBB UE receiving UL cancellation indication, the reliability of UL cancellation indication should be taken into account, i.e. the reliability of UL cancellation indication should be sufficiently high to ensure not affecting the URLLC UL transmission. Either option 1 with PDCCH and option 2 with sequence-based channel can provide sufficient reliability according to the discussions in SI. For PDCCH, a compact DCI with reduction of 10-16 bits payload size compared to Rel.15 fallback DCI has been already demonstrated to meet the URLLC 10-5 reliability requirement. Therefore, reliability of PDCCH with UL cancellation indication can be achieved by limiting the payload size for the DCI. 
As for option 2, it was shown in [2] that sequence-based channel can achieve better error rate performance than PDCCH carrying DCI, with given false alarm rate (FAR), payload size and bandwidth. It should also be pointed out that the FAR of PDCCH carrying DCI is 1/2^24, i.e. much lower than the required FAR for sequence-based channel, due to CRC with length of 24 bits. When comparing the performance between sequence based channel and PDCCH, FAR needs to align. In addition, with different payload sizes and overhead, the performance of sequence based channel can be different. Further clarification on the performance gain of sequence-based channel is needed, taking into account the FAR, payload size and overhead.
Observation 1:  Compact DCI with reduction of 10-16 bits payload size compared to Rel.15 fallback DCI has been demonstrated to meet the URLLC 10-5 reliability requirement in eURLLC SI.
Proposal 1:  Further clarification on the performance gain of sequence-based channel is needed, taking into account the FAR, payload size and overhead.


· Processing complexity
For option 2, a potential benefit for sequence based channel is to reduce the processing complexity at UE side, since sequence detection is used during reception. 
For option 1, the detection performance for PDCCH depend on the channel estimation quality, DCI payload and PDCCH configuration including AL, CORESET configuration, etc. A drawback with this approach is the blind decoding operation that the UE needs to perform. For PDCCH, configurable monitoring and blind detection are supported in NR such that the complexity for detecting PDCCH with UL cancellation indication can be controlled by gNB. A significant advantage is the reusability of the existing Rel-15 PDCCH transmit and receive processing blocks.
If DCI payload size is large, processing for PDCCH would involve receiving the signal, FFT operation, performing channel estimation, channel equalization, and finally the polar-decoding operation. If DCI for UL cancellation indication has very small payload (e.g. X-bits + padding bits <= 11bits), then the UE could improve the detection performance by taking any additional information (regarding possible padding bits, etc.) into the Polar decoding. In other words, in case of very small payload, the entire DCI processing could be effectively yielding a set with limited number of scrambling sequences at the output. Therefore, the UE can use simple linear correlator by performing correlation between received signal and the candidates of UL cancellation indication signal which are known to the UE (i.e. from the effective scrambling sequence). With such detection, the detection performance for PDCCH can be improved, e.g. similar performance can be achieved for PDDCH compared to sequence-based channel, with the same FAR.
Observation 2:  For PDCCH, configurable monitoring and blind detection are supported in NR such that the complexity for detecting PDCCH with UL cancellation indication can be controlled by gNB, i.e. configured with limited BD candidates.
Observation 3: If DCI for UL cancellation indication has very small payload (e.g. X-bits + padding bits <= 11bits), UE could improve the detection performance by taking sequence detection like method at receiver side.

· Granularity of UL cancellation indication
Since in UL transmission power of UE is limited, the URLLC transmission may not span on the entire bandwidth of a given BWP to guarantee PSD. Then, the scheduled eMBB UEs in the BWP may or may not be overlapped with the URLLC transmission. For the UEs without overlapping in time/frequency domain with the resources of URLLC transmission, cancellation for the scheduled PUSCH transmission is not preferred. Therefore, granularity of UL cancellation indication needs to be finer in time/frequency domain. 
For option 1, PDCCH carrying DCI can include more bits to support finer granularity of UL cancellation indication, while for option 2, sequence-based channel may only include very limited bits to indicate coarse granularity assuming similar overhead for PDCCH and sequence-based channel.
Observation 4:  Sequence-based channel may only include limited bits to indicate coarse granularity when assuming similar overhead for PDCCH and sequence-based channel.
Above all, option 1 is more preferable for UL cancellation indication.
Proposal 2: Support PDCCH for UL cancellation indication.

[bookmark: OLE_LINK17][bookmark: OLE_LINK21]Regarding PDCCH transmission carrying UL cancellation indication, either group common DCI or UE-specific DCI were proposed. Although UL cancellation is more like a UE-specific behaviour, it is beneficial to adopt a group common DCI carrying UL cancellation indication for one or multiple UEs. Given that multiple eMBB UEs may be pre-empted by URLLC transmission, group common DCI can reduce signalling overhead and blocking probability of UL cancellation indication.
Proposal 3: Group common DCI is supported for UL cancellation indication.
If group common DCI is used, the mechanism of DCI format 2_1 for DL pre-emption indication or DCI format 2_2 for TPC command can be considered for UL cancellation indication. Similar to DL pre-emption indication, a group of UEs can be indicated by a group common DCI carrying time/frequency resource indication for cancellation. The structure of DL pre-emption indication can be reused. A potential issue is that there may be false indication for some of the UEs in the group whose scheduled resources are not overlapped with URLLC transmission if the indication granularity is not finer enough. An alternative is that TPC command structure is adopted. Multiple cancellation indication fields are multiplexed in a DCI, each of which is indicated for a UE. 
Proposal 4: Followings principle can be considered for design of group common DCI carrying UL cancellation indication.
· Alt. 1: Structure of DCI format 2_1 is used for UL cancellation indication, i.e. cancellation indication is provided for a group of UEs in the group common DCI.
· Alt. 2: Structure of DCI format 2_2 is used for UL cancellation indication, i.e. cancellation indication for each UE is separately provided in the group common DCI.

2.2. UE Processing timeline for the UL cancelation indication
According the discussion in eURLLC SI [3], the UE processing time for UL cancelation indication should be equal or shorter than N2 defined in Rel-15 UE capability#2. The motivation is illustrated as following. 
In case of overlapping in time between eMBB and URLLC data transmission, URLLC UL is prioritized when URLLC UL is scheduled on a resource that is allocated to eMBB UL. In this case, gNB needs to signal the affected eMBB UEs by UL cancellation indication to stop the collision transmission. For processing the cancellation, UE processing time for UL cancellation indication decoding and UL transmission cancellation is required. To facilitate this, a capability of UE minimum processing time can be defined. Unlike the minimum processing time for preparing PUSCH, the minimum processing time for cancellation can be different, since there are no data processing involving scrambling or encoding, but only cancellation of a PUSCH transmission.
In Rel.15, a case of cancellation is defined for UE receiving DCI format 2_0 indicating a different slot format to cancel the UL transmission. In Rel. 15, the cancellation preparation time equals to baseline N2 when UE detects DCI format 2_0, i.e. UE does not expect to cancel the transmission in symbols from the subset of symbols that occur, relative to the timing of received DCI format 2_0, after a number of symbols that is smaller than the PUSCH preparation time N2. 
[bookmark: OLE_LINK33]In case of UL inter-UE prioritization for URLLC, the cancellation preparation time needs to be tighter. In the case of dynamic eMBB UL and URLLC UL multiplexing, gNB may need to schedule eMBB UE to transmit UL data with tight processing time, e.g. K2 to pursue minimum processing time N2 is scheduled for UE. To facilitate UL cancellation at eMBB UE, the minimum cancellation time for such eMBB UE should be as short as possible, i.e. equal to or less than N2 of Rel-15 UE processing time Capability #2.
Proposal 5: Define minimum UE processing time for UL cancelation indication, e.g. Ncancellation
· At least Ncancellation equal to N2 of Rel-15 UE processing time Capability #2 is supported
· Ncancellation could be a new UE capability 
· FFS Ncancellation less than N2 of Rel-15 UE processing time Capability #2
Another issue of UL cancellation for eMBB UE is that UL timing advance (TA) may has impact on the UL cancellation. Due to the TA impact, the UL transmission that needs to be cancelled may be earlier, which results in less cancellation time for this UL transmission. 
As in Figure 1, the time relationship among UL grant, UL cancellation indication and scheduled PUSCH is shown. In the figure, for eMBB UE1, K2, time offset between UL grant and scheduled PUSCH, is provided by UL grant in slot n. Due to the impact of TA, the actual processing time for PUSCH preparation, L2’, is less than K2. Meanwhile, gNB needs to ensure UE1 has sufficient time for PUSCH preparation, i.e. L2’ should be no smaller than N2. 
Afterwards, gNB schedules a PUSCH in slot n+K2 for URLLC UE2 on the resources that are already allocated to eMBB UE1. In order to prevent interference to URLLC UE, gNB sends an UL cancellation indication to eMBB UE1 after the UL grant is transmitted. For example, the UL cancellation indication indicates a pre-emption in slot n+K2 by an offset K3. Due to the impact of TA, the actual processing time for PUSCH cancellation, L3’, is less than K3, e.g. L3’ = K3 - TA. In such case, gNB should ensure the actual processing time for cancellation meet the minimum cancellation time requirement.
Proposal 6: For UL cancellation for eMBB UE, it is necessary to take into account the impact of TA and ensure minimum UL cancelation time can be met.


[image: ]

Figure 1: Example of UL cancellation indication and cancellation timeline for dynamic multiplexing between eMBB and URLLC
As discussed above, group common DCI for UL cancellation indication is adopted. The minimum cancellation time and TA need to be considered when UL cancellation indication is signalled. Since there could be different TA for the group of UEs, it is necessary for gNB to ensure all the UEs in the group have the same understanding after considering their specific TA. In this case, the UE with maximum TA in the group should be satisfied, i.e. the UL cancellation indication should provide sufficient processing time for this UE. 
[bookmark: _Hlk496824026]To be more specific, if the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L3, where L3 is defined as the next uplink symbol with its CP starting Ncancellation after the end of the reception of the last symbol of the PDCCH carrying the UL cancellation indication, then the UE shall cancel the PUSCH.
Proposal 7: For group common DCI used for UL cancelation indication, gNB should ensure sufficient processing time for the UE with maximum TA in the group that monitor the UL cancellation indication.

2.3. [bookmark: OLE_LINK25]UE related behaviors for UL cancellation indication
2.3.1. UE cancellation behavior
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Upon receiving the UL cancellation indication, UE cancellation behaviors need to be specified. Depending on the timing of receiving UL cancellation indication, the cancellation behaviors could be different. When UL cancellation indication is received before a transmission and cancellation timeline can be met, UE can cancel the eMBB PUSCH. If the URLLC transmission is partially overlapping in time with the scheduled eMBB PUSCH, eMBB UE needs to cancel the PUSCH if cancellation timeline is met. The non-preempted eMBB transmission after the overlapping is not resumed since the phase contiguity cannot be ensured. If the URLLC transmission is partially overlapping in frequency with the scheduled eMBB PUSCH, eMBB UE needs to cancel the whole PUSCH on the scheduled bandwidth if cancellation timeline is met. 
[bookmark: OLE_LINK27][bookmark: OLE_LINK30]On the other hands, When UL cancellation UL cancellation indication is received during a transmission, UE may cancel the eMBB transmission from the symbols that the cancellation timeline is met and does not resume the non-preempted transmission.
For example, UL cancellation behavior upon receiving UL cancellation indication can be defined as follows.
If a UE is scheduled to transmit a PUSCH in a set of symbols of a slot, and UE detects a DCI carrying UL cancellation indication that indicates a subset of symbols from the set of symbols as preempted,
· The UE does not expect to cancel the transmission in symbols from the subset of symbols that occur, relative to a last symbol of a CORESET where the UE detects the DCI for UL cancellation indication, after a number of symbols that is smaller than the minimum UE cancellation time Ncancellation as described in session 2.2.
· Otherwise, the UE cancels and does not resume the PUSCH in remaining symbols from the set of symbols.
Proposal 8: Upon receiving the UL cancellation indication, UE cancels a scheduled PUSCH (e.g. of lower priority) and does not resume the non-preempted transmission after the overlapping part, if cancellation timeline is met.
· When UL cancellation indication is received before a transmission and cancellation timeline can be met, UE cancels the entire PUSCH and does not resume the non-preempted transmission after the overlapping part.
· When UL cancellation indication is received during a transmission, UE may cancel the PUSCH in a slot from the symbol that the cancellation timeline is met and drop does not resume the non-preempted transmission within the slot.

2.3.2. UE monitoring behavior
Two options for monitoring the UL cancellation indication can be considered. 
The first option is that a UL cancellation indication can be transmitted using slot-level monitoring, where the CORESET for UL cancellation indication is located at the beginning of a slot. For this case, UL cancellation indication may be transmitted in the subsequent slot when UL grant is detected. If the time offset between UL grant and the scheduled PUSCH is small, there could be limited UL cancellation time for eMBB UE.
Another option is that a UL cancellation indication is transmitted using mini-slot level monitoring. For this case, the UL cancellation indication can be transmitted within the same slot where UL grant is transmitted. Therefore, it is beneficial for eMBB UE since more cancellation time can be ensured after receiving UL cancellation indication. 
To limit the blind decoding for UL cancellation indication, the monitoring behaviours, e.g. monitoring occasion and number for blind decoding, should be configurable. Besides, it is important to restrict mini-slot level monitoring is only applied for UL cancellation indication for eMBB UE, to avoid large power consumption for PDCCH monitoring. 
[bookmark: OLE_LINK26]If UL cancellation indication monitoring is configured for eMBB UEs, such UEs are not required to always to monitor the UL cancellation indication. UEs only monitor UL cancellation indication only when UL grant scheduling a PUSCH is detected. It is beneficial for eMBB UEs to reduce the power consumption for UL cancellation indication monitoring.
Proposal 9: For eMBB UE supporting UL cancellation, UE can be configured with slot-level or mini-slot level monitoring for UL cancellation indication monitoring.
· For mini-slot level monitoring, monitoring occasion and number for blind decoding for UL cancellation indication, should be configurable.
Proposal 10: For eMBB UEs configured with UL cancellation indication, UEs only monitor UL cancellation indication only when UL grant scheduling a PUSCH is detected.

2.4. UE PDCCH monitoring capability
In NR Rel-15, UE PDCCH monitoring capability in terms of numbers of BDs/CCEs are defined for different cases and subcarrier spaces (e.g., 44BDs/56CCEs for SCS=15KHz), and a UE is not expected to be configured with PDCCH monitoring in CSS(s) for more than what UE can monitor in terms of numbers of BDs/CCEs. As the above description, eMBB UE needs to monitor UL cancellation indication in slot-level or mini-slot level occasion, which means UL cancellation indication will occupy some number of BDs/CCEs especially when UE monitoring the indication in mini-slot level. For example, there are seven mini-slot within one slot, and aggregation level of 8 is assumed, thus at least 7BDs/56 CCEs is needed if UL cancellation monitoring occasion is configured in each mini-slot. Therefore, considering the flexibility of PDCCH configuration, it’s needed to defined an enhanced monitoring capability especially in terms of number of CCEs for eMBB UE. 
Proposal 11: An enhanced PDCCH monitoring capability is needed to be defined for eMBB UE.
· At least an enhanced PDCCH monitoring capability in terms of number of CCEs should be defined.

2.5. UE features to support UL cancellation
As discussed above, for a scheduled eMBB UE to be multiplexed with URLLC transmissions, UL cancellation for a previously scheduled PUSCH transmission is beneficial. For such eMBB UEs, the processing time line for UL cancellation indication and processing timeline to cancel a non-started PUSCH or an on-going transmission would be additional UE capabilities. Besides, mini-slot level monitoring with enhanced number of CCEs is also needed. Compared to Rel.15 eMBB UE features, a couple of new UE capabilities for eMBB UE to support UL cancellation need to be introduced. Given that backward compatibility, supporting UL cancellation indication could be an optional UE features.  
Proposal 12: Supporting UL cancellation indication is an optional UE feature.

2.6. Signaling design of UL cancellation indication
2.6.1. Time domain indication
The time domain resources to be cancelled need to be signaled to eMBB UE. By receiving the UL cancellation indication, eMBB UE can be aware of the preempted time domain resources, e.g.  the starting/ending slot or symbol of the preempted resources. To determine the starting/ending position of cancelled time resources, there are following options.
· Option 1: an offset indicated by DCI relative to the timing of UL cancellation indication
· Option 2: an offset configured by RRC relative to the timing of UL cancellation indication
· Option 3: an offset implicitly determined based on minimum cancellation time relative to the timing of UL cancellation indication
For option 1, an offset can be indicated for UE to determine the cancelled time resources. Similar method as the indication of K2 for dynamic scheduling in UL can be used. The offset can be in unit of slot or symbol offset relative to UL cancellation indication. The offset candidates can be configured by RRC and the actual offset is signaled by UL cancellation indication. 
For option 2, an offset is configured by RRC. The offset configured by RRC needs to take into account potential impact of TA, e.g. at least greater than the minimum cancellation time plus the maximum TA for a group of UEs.
For option 3, an is implicitly determined based on minimum cancellation time by UE. The offset is applied relative to the timing of UL cancellation indication. For example, if a UE with zero TA detects a UL cancellation indication, the offset relative to UL cancellation indication is equal to the minimum cancellation time Ncancellation. If a UE with non-zero TA detects a UL cancellation indication, the offset relative to UL cancellation indication is equal to the minimum cancellation time Ncancellation plus TA for the UE. 
For either options, the start of UL cancellation may not necessarily be aligned with the slot boundary or the preempted resource.
Proposal 13: Upon receiving UL cancellation indication, UE determines the starting position of cancelled time resources based on following options
· Option 1: an offset indicated by DCI relative to the timing of UL cancellation indication
· Option 2: an offset configured by RRC relative to the timing of UL cancellation indication
· Option 3: an offset implicitly determined based on minimum cancellation time relative to the timing of UL cancellation indication
Regarding the end of cancelled time resources, it can be explicitly indicated by gNB or implicitly determined by UE. For the latter, UE could assume the cancelled time resources from the starting symbol indicated by UL cancellation indication to the end of same slot. The implicitly way provides benefit of signaling overhead saving in UL cancellation indication. It is quite often that UE needs to cancel the whole UL channel once UL transmission cancellation begins.
An example is given in the Figure 2. The eMBB UE1 is scheduled to transmit PUSCH 1, where PUSCH 1 is indicated to be cancelled by the received UL cancellation indication. Upon receiving the UL cancellation indication, UE cancels the corresponding UL transmission with an offset relative to the timing of UL cancellation indication. The UL transmission until the end of slot will be cancelled as well and no resuming is adopted. 


[bookmark: _Ref510706282][bookmark: OLE_LINK8][bookmark: OLE_LINK11]Figure 2: Example of determination of starting and ending for UL cancellation

Proposal 14: The ending position of cancelled time resources can be implicitly determined by UE, e.g. at the slot boundary.

2.6.2. Frequency domain indication
In frequency domain, there could be no explicit indication in UL cancellation indication. In this case, UE can assume the whole UL BWP in the cancelled time resources are preempted. This is beneficial for signaling overhead reduction while it may increase the possibility of false indication in frequency domain. Since in UL transmission power of UE is limited, the URLLC transmission may not span on a wide bandwidth to guarantee PSD on the allocated resources. In result, not all scheduled UEs need to cancel the UL transmission. As shown in the case in Figure 3, if only one of the UL channel is preempted while others are not, explicitly indicating the frequency domain resources would be beneficial to avoid false cancellation. 
One solution is that UL BWP is divided into a number of subsets where UL cancellation indication can indicate the subsets of UL BWP as cancelled frequency resources. In the example of Figure 3, eMBB UE1 can cancel the PUSCH 1 according to the time and frequency indication in UL cancellation indication, while it can transmit the scheduled PUSCH 2 in the subsequent slot due to no overlapping with URLLC transmission.
Another alternative is that UL cancellation is indicated in UE-specific manner, as discussed above, using DCI format 2_2 fashion.

 
[bookmark: _Ref521609032][bookmark: OLE_LINK4][bookmark: OLE_LINK5]Figure 3: Example of UL transmission cancellation in the case with different frequency resource

[bookmark: OLE_LINK1][bookmark: OLE_LINK12]Proposal 15: UL cancelation indication with finer frequency domain indication or UE-specific cancellation indication can be adopted.

2.7. Handing of inter-UE multiplexing with configured grant transmissions
In case of inter-UE multiplexing involving configured grant transmission, there are following different cases
· Case 1: inter-UE multiplexing between eMBB with configured grant and URLLC with dynamic grant
· Case 2: inter-UE multiplexing between eMBB with dynamic grant and URLLC with configured grant
· Case 3: inter-UE multiplexing between eMBB with configured grant and URLLC with configured grant
For case 1, it is not a typical case. If configured grant transmission is configured for eMBB, e.g. for periodic traffic, it is more likely that periodicity of configured grant is relatively large. Then the possibility for eMBB UE colliding with URLLC transmission can be quite low. If gNB needs to schedule a URLLC transmission, gNB can schedule the URLLC UE on non-overlapping resources with eMBB configured grant resources.
For case 2, it is common sense that short periodicity and frequent transmission occasion are configured for URLLC UE to reduce the latency. gNB does not know when URLLC UE starts a URLLC transmission on the configured grant resources. To improve the resource utilization, gNB may or may not schedule eMBB transmission on the configured grant resources. If gNB schedules an eMBB transmission on resources overlapping with URLLC configured grant resources, UL cancellation indication for such eMBB UE may not be applicable due that URLLC transmission is not predictable. In this case, enhanced power control scheme for inter-UE multiplexing can be adopted, e.g. gNB can boost power for URLLC UE and/or decrease power for eMBB UE. Details can refer to power control session.
For case 3, configured grant transmissions are configured for both eMBB and URLLC. In such case, UL cancellation indication for eMBB UE is not applicable. Similar to case 2, enhanced power control scheme for inter-UE multiplexing can be adopted.
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Observation 5:  In case of inter-UE multiplexing with configured grant transmissions, UL cancellation indication may not be applicable.

3. Enhanced UL power control
Enhanced UL power control is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing. The potential enhanced UL power control may include following options:
· [bookmark: OLE_LINK28][bookmark: OLE_LINK29]Option 1: UE determining the power control parameter set (e.g. P0, alpha) based on scheduling DCI indication without using SRI
· Option 2: UE determining the power control parameter based on group-common DCI indication. 
Option 1 is useful for dynamic scheduled transmission. For URLLC UE, dynamic indication of power boosting is needed due to the tight latency requirement. In Rel.15, dynamic indication of power control parameters can be realized by using SRI trigger if SRI field is present. However, if SRI field is not present or power control parameters are not configured by higher layer, it is not able to indicate dynamically the power control parameters. Therefore, enhancement for dynamic power control parameters indication is needed. Implicit or explicit indicates PC parameters can be considered for the case without SRI indication. In an implicit way, UE can determines PC parameters based on service type or transmission format. In an explicit way, an indication field should be additionally introduced in UL grant to indicate which set of PC parameters can be used. More details can refer to our companion contribution [4].
Proposal 16: Enhanced UL power control for determination of power control parameter set (e.g. P0, alpha) based on scheduling DCI indication without using SRI is supported

Option 2 can be applied for UEs with UL configured grant transmission. For URLLC UE with configured grant transmission, power control for such UEs can only depend on the group common DCI indication. DCI format 2_2 can be reused for URLLC UEs for power boosting. When a DCI format 2_2 is detected, URLLC UE will adjust the transmission power for PUSCH accordingly. Besides, option 2 can be also adopted for eMBB UE to decrease transmission power. 
The applications of enhanced power control scheme option 1 and option 2 for inter-UE multiplexing between eMBB and URLLC are presented in the following table
	Scenario
	eMBB
	URLLC

	Scenario 1: 
eMBB with dynamic grant
URLLC with configured grant
	[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Option 1
	Option 2

	Scenario 2: 
eMBB with configured grant
URLLC with configured grant
	Option 2
	Option 2

	Scenario 3: 
eMBB with dynamic grant
URLLC with dynamic grant
	Option 1
	Option 1



Since gNB does know when URLLC UE will transmit the PUSCH with grant-free transmission, a group common DCI may be transmitted by gNB periodically. An alternative is that gNB can transmit group common DCI for power adjustment for URLLC UE with configured grant transmission if eMBB transmission is scheduled on the resources overlapping with configured grant resources. Thus, frequent monitoring for group common DCI for power control indication is needed. The power consumption and complexity for URLLC UEs to monitor group common DCI carrying power control indication should be taken into account when designing the enhanced power control scheme. 



In addition, when group common DCI for power adjustment is configured for URLLC UEs, the effective time for the detected power control indication needs to be tighter, considering more frequent monitoring for group common DCI for power control may be configured. In Rel.15, a TPC command received between K(i-1) -1 symbols before PUSCH transmission occasion i-1 and K(i) symbols before PUSCH transmission occasion i will be counted. For UL grant-free transmission, K(i) is a number of  symbols equal to the product of a number of symbols per slot, , and the minimum of the values provided by k2 in PUSCH-ConfigCommon, which means K(i) is in slot-level. For Rel.16 eURLLC, the may need to be different, e.g. in mini-slot level to reduce the latency of transmission power adjustment. 
Proposal 17: For enhanced power control based on group common DCI, followings need to be further studied.
· Monitoring for group common DCI carrying power control parameter for URLLC
· Effective time for group common DCI carrying power control parameter for URLLC

Another issue is that whether to increase the range of TPC command to satisfy the requirement of URLLC transmission. Currently the transmission power based on TPC command can be adjusted by +3 or -3 dB. For URLLC UE, power boosting with greater than 3 dB may be needed, in order to meet the reliability requirement, especially when URLLC transmission may be multiplexed with eMBB transmission. 
Proposal 18:  Increased TPC range can be considered for enhanced power control.

4. [bookmark: OLE_LINK16]Conclusion
In this contribution, we provide our views on UL inter-UE Tx prioritization for URLLC. The proposals are summarized below.
Observation 1:  Compact DCI with reduction of 10-16 bits payload size compared to Rel.15 fallback DCI has been demonstrated to meet the URLLC 10-5 reliability requirement in eURLLC SI.
Observation 2:  For PDCCH, configurable monitoring and blind detection are supported in NR such that the complexity for detecting PDCCH with UL cancellation indication can be controlled by gNB, i.e. configured with limited BD candidates.
Observation 3: If DCI for UL cancellation indication has very small payload (e.g. X-bits + padding bits <= 11bits), UE could improve the detection performance by taking sequence detection like method at receiver side.
Observation 4:  Sequence-based channel may only include very limited bits to indicate coarse granularity assuming similar overhead for PDCCH and sequence-based channel.
Observation 5:  In case of inter-UE multiplexing with configured grant transmissions, UL cancellation indication may not be applicable.

Proposal 1:  Further clarification on the performance gain of sequence-based channel is needed, taking into account the FAR, payload size and overhead.
Proposal 2: Support PDCCH for UL cancellation indication.
Proposal 3: Group common DCI is supported for UL cancellation indication.
Proposal 4: Followings principle can be considered for design of group common DCI carrying UL cancellation indication.
· Alt. 1: Structure of DCI format 2_1 is used for UL cancellation indication, i.e. cancellation indication is provided for a group of UEs in the group common DCI.
· Alt. 2: Structure of DCI format 2_2 is used for UL cancellation indication, i.e. cancellation indication for each UE is separately provided in the group common DCI.
Proposal 5: Define minimum UE processing time for UL cancelation indication, e.g. Ncancellation
· At least Ncancellation equal to N2 in Rel-15 UE processing time Capability #2 is supported
· Ncancellation could be a new UE capability 
· FFS Ncancellation less than N2 in Rel-15 UE processing time Capability #2
Proposal 6: For UL cancellation for eMBB UE, it is necessary to take into account the impact of TA and ensure minimum UL cancelation time can be met.
Proposal 7: For group common DCI used for UL cancelation indication, gNB should ensure sufficient processing time for the UE with maximum TA in the group that monitor the UL cancellation indication.
Proposal 8: Upon receiving the UL cancellation indication, UE cancels a scheduled PUSCH (e.g. of lower priority) and does not resume the non-preempted transmission after the overlapping part, if cancellation timeline is met.
· When UL cancellation indication is received before a transmission and cancellation timeline can be met, UE cancels the entire PUSCH and does not resume the non-preempted transmission after the overlapping part.
· When UL cancellation indication is received during a transmission, UE may cancel the PUSCH in a slot from the symbol that the cancellation timeline is met and drop does not resume the non-preempted transmission within the slot.
Proposal 9: For eMBB UE supporting UL cancellation, UE can be configured with slot-level or mini-slot level monitoring for UL cancellation indication monitoring.
· For mini-slot level monitoring, monitoring occasion and number for blind decoding for UL cancellation indication, should be configurable.
Proposal 10: For eMBB UEs configured with UL cancellation indication, UEs only monitor UL cancellation indication only when UL grant scheduling a PUSCH is detected.
Proposal 11: An enhanced PDCCH monitoring capability is needed to be defined for eMBB UE.
· At least an enhanced PDCCH monitoring capability in terms of number of CCEs should be defined.
Proposal 12: Supporting UL cancellation indication is an optional UE feature.
Proposal 13: Upon receiving UL cancellation indication, UE determines the starting position of cancelled time resources based on following options
· Option 1: an offset indicated by DCI relative to the timing of UL cancellation indication
· Option 2: an offset configured by RRC relative to the timing of UL cancellation indication
· [bookmark: _GoBack]Option 3: an offset implicitly determined based on minimum cancellation time relative to the timing of UL cancellation indication
Proposal 14: The ending position of cancelled time resources can be implicitly determined by UE, e.g. at the slot boundary.
Proposal 15: UL cancelation indication with finer frequency domain indication or UE-specific cancellation indication can be adopted.
Proposal 16: Enhanced UL power control for determination of power control parameter set (e.g. P0, alpha) based on scheduling DCI indication without using SRI is supported
Proposal 17: For enhanced power control based on group common DCI, followings need to be further studied.
· Monitoring for group common DCI carrying power control parameter for URLLC
· Effective time for group common DCI carrying power control parameter for URLLC
Proposal 18:  Increased TPC range can be considered for enhanced power control.
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