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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK3]In RAN1 #96bis and RAN1 #97 meeting, following agreements regarding UL inter-UE Tx prioritization for URLLC [1][2]. In this contribution, we discuss the design of UL cancelation mechanisms and enhanced UL power control scheme. For UL cancellation, signalling design and related UE behaviours for monitoring and cancellation will be studied. Besides, regarding enhanced UL power control scheme, power control parameter determination, whether to increase TPC step/range will be discussed. 
	[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Agreements:
· [bookmark: OLE_LINK7]Upon detecting an UL cancelation indication, at least stop without resuming is supported
· FFS whether and how to support stop with resume 
Agreements:
· [bookmark: OLE_LINK24]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

Agreements:
· Further discuss, aiming for down-selection, the group common DCI and UE-specific DCI for UL cancelation indication 
· [bookmark: OLE_LINK6]For group common DCI (different from Rel-15 SFI)
· UE is configured to monitor a group common DCI which indicates the time/frequency region on which the UL cancellation indication applies
· For UE specific-DCI
· When applicable, UE is configured to monitor a second UL grant for the same TB as an earlier PUSCH indicating UL cancellation before the end of the earlier PUSCH transmission. In this case, the UE follows the UL cancellation indication.   




2. UL cancelation mechanisms
2.1. [bookmark: OLE_LINK25]UE related behaviors for UL cancellation indication
2.1.1. UE monitoring behavior
The transmission of UL cancellation indication is related to the scheduling of URLLC UL transmission. Since URLLC traffic needs to be scheduled in low latency and short duration, a UE that is configured with UL cancellation indication should be able to monitor the UL cancellation indication with short periodicity.
There are two options for monitoring the UL cancellation indication that can be considered. Note that in Rel.15 it is configurable that slot-level and mini-slot level monitoring occasion can be used for a DCI.
· Option 1: Slot-level monitoring periodicity
· Option 2: Mini-slot level monitoring periodicity
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 gap between UL grant and the scheduled PUSCH overlapping with URLLC transmission is small, there could be limited UL cancellation time for eMBB UE.
For option 2, 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 flexible for gNB to transmit UL cancellation indication. Moreover, it is also beneficial for eMBB UE to enable sufficient cancellation time for the overlapped UL transmission upon receiving UL cancellation indication. 
Considering the scheduling of URLLC traffic and latency requirement, the monitoring periodicity can be 2, 4, 7 or 14 symbols as starting point. If mini-slot level monitoring periodicity is adopted, the blind decoding may be increased. 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 monitor UL cancellation indication only when an UL channel is to be transmitted, e.g. an UL grant scheduling a PUSCH is detected. It is beneficial for eMBB UEs to reduce the power consumption for UL cancellation indication monitoring.
Proposal 1: For eMBB UE supporting UL cancellation, mini-slot level monitoring periodicity for UL cancelation indication is supported.
· Monitoring periodicity can be 2, 4, 7 or 14 symbols as starting point
· For mini-slot level monitoring, monitoring occasion and number for blind decoding for UL cancellation indication, should be configurable.
2.1.2. UE cancellation behavior
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Upon receiving the UL cancellation indication, UE cancellation behaviors are agreed in RAN1 #96bis as follows.
· Upon detecting an UL cancelation indication, at least stop without resuming is supported
· FFS whether and how to support stop with resume 
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. 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.
The non-preempted eMBB transmission after the overlapping is not resumed since there could be phase contiguity issue. When there is large portion of eMBB transmission overlapping with URLLC, the performance of the resuming part for eMBB transmission cannot be guaranteed. 
Besides, if the URLLC transmission is partially overlapping in time and frequency domain with the scheduled eMBB PUSCH, eMBB UE needs to cancel the whole PUSCH on the scheduled bandwidth. 
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 2: Upon detecting an UL cancellation indication, UE stops the corresponding UL signal/channel transmission and does not resume the remaining part of the same UL signal/channel transmission.

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 scheduled transmission. For the operation of UL cancellation, decoding for DCI carrying UL cancellation indication and cancellation of the UL transmission cancellation are involved to define the minimum processing time for cancellation. 
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 N2 when UE detects DCI format 2_0, i.e. In case of UL inter-UE prioritization for URLLC, the cancellation preparation time needs to be tighter. When dynamic eMBB UL and URLLC UL may be 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. 
[bookmark: OLE_LINK33]To facilitate UL cancellation at eMBB UE, the minimum cancellation time for such eMBB UE should be as short as possible, e.g. at least equal to N2 of Rel-15 UE processing time Capability #2. A new UE capability can be considered.
In addition, when gNB schedules a URLLC transmission, gNB may not be able to send a UL cancellation indication due to no monitoring occasion at that moment for UL cancellation indication. In such case, gNB can only transmit the UL cancellation indication in the first available monitoring occasion after scheduling URLLC and the cancellation time shorter than N2 could be needed.
Proposal 3: The minimum UE processing time for UL cancelation indication, Ncancellation, needs to be specified.
· Ncancellation at least equals to N2 of Rel-15 UE processing time Capability #2 is supported.
· A new UE capability can be considered.
· FFS Ncancellation shorter than N2 of Rel-15 UE processing time Capability #2.
For UE supporting UL cancellation indication, the processing time requirement for UL cancellation can be different from that for PUSCH preparation, since there is no data processing involving scrambling, modulation and encoding for cancellation of UL transmission. For such UEs, even though processing time capability for UL cancellation needs to be supported, the existing processing time capability for PUSCH preparation in Rel-15 can be reused. 
Proposal 4: For UE supporting UL cancellation indication
· For UL cancellation, processing time capability equal to N2 of Rel-15 UE capability #2 is applied for UL transmission cancellation
· For PUSCH preparation, the existing UE processing time capability is maintained
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.
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.
Observation 1:  For UL cancellation for eMBB UE, gNB should ensure the actual processing time (considering TA) for cancellation meet the minimum UE processing time for cancellation operation. No spec impact is needed. 

[image: ]

Figure 1: Example of UL cancellation indication and cancellation timeline for dynamic multiplexing between eMBB and URLLC

2.3. UL transmission to be potentially cancelled
In RAN1 #96bis meeting, there was discussion on the UL transmissions that can be potentially cancelled by the UL cancellation indication. Following UL transmissions were proposed.
· 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
One thing we should note is that the UL transmissions to be potentially cancelled are only for the case of UEs supporting eMBB only. If in case of UL transmissions of UEs supporting eMBB and URLLC, further study is definitely needed.
Before determining which UL transmissions can be cancelled, it should be pointed out that UL inter-UE prioritization is mainly designed for ensuring URLLC transmissions to meet the latency and reliability requirements. For this purpose, UL transmissions for eMBB UEs in CONNECTED state need to be cancelled when overlapping with URLLC transmission. In such case, dynamic scheduled UL transmissions, semi-persistent UL transmissions and periodic UL transmissions can be cancelled. Note that there is similar case in Rel-15 where UEs cancel the UL transmissions e.g. PUSCH/PUCCH/SRS when receiving dynamic SFI indicating DL. Regarding whether or not to support cancellation of PRACH transmission, further discussion is needed.
Regarding PUCCH for eMBB UE, there may be a case that PUCCH of eMBB needs to be cancelled when wide bandwidth is allocated to URLLC transmission while eMBB PUCCH transmission is scheduled within a narrow bandwidth and frequency hopping is enabled. An example is shown in the Figure 2. eMBB UE1 is scheduled with PUCCH transmission carrying HARQ-ACK with frequency hopping in UE1 UL BWP. The scheduled URLLC transmission of UE2 is not overlapping with 1st hop of PUCCH of UE1 while there is overlapping between URLLC PUSCH and eMBB PUCCH 2nd hop. In such case, UE behavior for cancelling or transmitting eMBB PUCCH needs to be specified.


[bookmark: _Ref16776463]Figure 2: Example of inter-UE multiplexing between eMBB PUCCH and URLLC PUSCH

Proposal 5: An eMBB UE can be configured to monitor UL cancellation indication that potentially cancels UL transmission 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
2.4. Design of group common DCI
Regarding PDCCH transmission carrying UL cancellation indication, following options were discussed in RAN1 #97 meeting, 
Agreements:
· Support at least group common DCI for cancelation indication
· FFS whether or not to additionally support UE-specific DCI for cancelation indication
When 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. The advantage is that it can save the signalling overhead especially when a large number of UEs are grouped. 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 granularity of time and frequency domain indication are sufficiently fine, it will avoid the false indication as much as possible.
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. However, if small payload is adopted for each UE, it may result in coarse indication of resource for each UE. Therefore, there could be false indication. If fine indication is adopted, it will result in large payload of UL CI.
Proposal 6: For design of group common DCI carrying UL cancellation indication, mechanism of DCI format 2_1 is used for UL cancellation indication, i.e.  a time/frequency domain indication is provided in the cancelation indication DCI for a group of UEs to derive the UL cancelation behavior.


2.5. Signaling design of UL cancellation indication
2.5.1. Time domain indication
· Time region definition and duration
Similar to DL preemption indication, a time region for UL cancellation indication can be defined. It is useful for the signaling design and overhead control. The duration of time region can be determined by following options.
· Option 1: Time region duration equals to the monitoring periodicity of PDCCH carrying UL cancellation indication.
· Option 2: Time region duration is configured explicitly by RRC.
A follow-up question is how to associate time region and the UL cancellation indication.
If option 1 is adopted, the time region can be one-to-one mapping with the configured monitoring occasion for UL cancellation indication. The mapping between monitoring occasion of UL CI and time region is based on a predefined rule. For example, the associated time region for a monitoring occasion is determined according to a predefined gap, e.g. minimum cancellation time N2. To be specific, the first time region after at least N2 symbols after the last symbol of the CORESET for a UL cancellation indication monitoring occasion is associated with the UL cancellation indication monitoring occasion. The time regions associated with different monitoring occasion are not overlapped in time. An example is shown in the Figure 3.
For option 1, indication of time resource within the time region is only needed in the UL cancellation indication. Therefore, it can save signaling overhead. However, if a monitoring occasion of UL cancellation indication is  reconfigured to UL symbols by TDD configuration, time resource of the associated time region will not be indicated and thus cannot be cancelled. Since frequent monitoring occasions for UL cancellation indication are configured to provide flexibility to cancel UL transmission, the impact of collision in TDD case should be taken into account and further discussed.



[bookmark: _Ref16864122]Figure 3: Example of time region and association with monitoring occasion for UL cancellation indication

If option 2 is adopted, the time region duration may or may not be equal to the monitoring occasion of UL cancellation indication. The time region and monitoring occasion for UL CI can be one-to-one, many-to-one, or one-to-many mapping. The association between a certain time region and a UL cancellation indication is indicated by an indicator, e.g. K2, in the UL cancellation indication. 
Option 2 is beneficial in TDD case, especially when there is conflict between monitoring occasions for UL CI and UL symbols given by TDD configuration. An example is shown in the Figure. Since the monitoring occasions are conflicting with UL symbols by TDD configuration, these monitoring occasion for UL CI are not available. The associated time region is indicated by UL cancellation indication by K2. The indicator K2 can be in slot and/or symbol level. An example is shown in the Figure 4.
For option 2, indication of the associated time region and indication of the cancelled time resource within the time region are included in the UL cancellation indication.
For either options, the start of time region may not necessarily be aligned with the slot boundary. 



[bookmark: _Ref16864151]Figure 4: Example of time region and indication by UL cancellation indication

Proposal 7: Time region for UL cancellation is defined. The duration of time region is determined by following options.
· Option 1: Time region duration equals to the monitoring periodicity of PDCCH carrying UL cancellation indication.
· Option 2: Time region duration is configured explicitly by RRC.
Proposal 8: Upon receiving UL cancellation indication, UE determines the time region for cancellation by following alternatives.
· Alt. 1:  For a given PDCCH monitoring occasion where a UL cancelation is detected, the corresponding time region starts at N2 symbols after the last symbol of PDCCH monitoring occasion, where N2 is the UE minimum cancellation time.
· Alt. 2: For a given PDCCH monitoring occasion where a UL cancelation is detected, the corresponding time region starts at K2 slots/symbols after the last symbol of PDCCH monitoring occasion, where K2 is indicated by the UL cancellation indication.

· Time domain resource indication
An eMBB UE is indicated by the DCI a set of symbol(s) within the determined time region on which the UL transmission has to be canceled. Regarding indicating the time resources of time region, there are following alternatives.
· Alt.1: Only starting position is indicated
· Alt.2: Staring position and length of time resource are indicated by SLIV
· Alt.3: Time resource for cancellation is indicated by bitmap
For Alt. 1, the starting position for the cancelled time resource within time region is indicated by UL cancellation indication. The starting position indication is relative to the beginning of the time region. E.g. if the time region has 7 symbol length, 3 bits are needed to indicate the starting symbol of cancellation resource within the time region. Alt. 1 has the advantage in saving the overhead. However, there is no indication for ending position of cancellation resource. Therefore, UE behavior to determine the ending position needs to specified, e.g. the UL transmission from the indicated symbol till the ending symbol of the time region will be cancelled.
Alt. 2 is similar to the time domain resource indication in the scheduling grant, i.e. a start and length indication vector is adopted. It is efficient to determine the starting and ending position of the cancellation resource considering the signaling overhead. The shortage of Alt.2 is that only consecutive time resource can be indicated by SLIV. However, it is possible that a set of non-consecutive symbols are to be cancelled due to colliding with URLLC transmissions. When multiple non-contiguous URLLC transmissions are scheduled, signaling overhead may increase.
Alt. 3 is similar to DL preemption indication where each bit represents one or multiple symbols of the time region. It is beneficial to indicate non-contiguous time resources for cancellation. However, if time region has large duration, the signaling overhead of bitmap could be large.
For any of the three alternatives, symbol-level indication can be adopted and the granularity can be configurable.
An example is given in the Figure 5. The eMBB UE is scheduled to transmit a PUSCH, where the PUSCH is indicated to be cancelled by the received UL cancellation indication. Upon receiving the UL cancellation indication, UE cancels the corresponding UL transmission in the time region indicated by the UL cancellation indication. The UL transmission from the indicated symbol to the boundary of the time region will be cancelled. 


[bookmark: _Ref510706282][bookmark: OLE_LINK8][bookmark: OLE_LINK11]Figure 5: Example of determination of starting and ending position for UL cancellation
Proposal 9: For time domain indication of a set of symbols within time region on which the UL cancelation shall apply, following alternatives can be adopted.
· Alt.1: UE derives the set of symbols for UL cancelation based on an indicated starting symbol and the ending symbol of the time region
· Alt.2: UE derives the set of symbols for UL cancelation based on an indicated staring symbol and length by SLIV like indication
· Alt.3: UE derives the set of symbols for UL cancelation based on an bitmap like indication

2.5.2. Frequency domain indication
For DL preemption indication, frequency domain indication is up to 2 bit where the granularity is half of the active DL BWP. If no explicit indication in DL preemption indication is configured, i.e. 14 bits are configured for time domain indication, UE can assume the whole BWP in the indicated 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 6, 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.



[bookmark: _Ref521609032][bookmark: OLE_LINK4][bookmark: OLE_LINK5]Figure 6: Example of UL transmission cancellation in the case with different frequency resource
Similar to time domain indication, a frequency region can be defined. The size of frequency region can be the same as the active UL BWP. UE should be indicated by DCI a set of frequency RBs within the frequency region on which UL cancelation shall apply. Following alternatives can be considered.
· Alt.1: UE is indicated by an staring RB and a frequency length, i.e. RA type 0 like indication. 
· Alt.2: UE is indicated by an frequency domain bitmap, i.e. RA type 1 like indication
To reduce the signaling overhead, the granularity of frequency domain indication can be configurable. For alt. 1, the RBG size is configured by RRC for the indication of SLIV. The shortage of Alt. 1 is that only consecutive frequency resource can be only indicated by a SLIV while multiple indications of SLIV may result in signaling overhead increase.
For Alt. 2, the granularity of bitmap indication is configurable such that the UL BWP is divided into a number of subsets where UL cancellation indication can indicate the subsets of UL BWP as cancelled frequency resources. The disadvantage is that large signaling overhead is required when large UL BWP is configured or fine granularity for frequency indication is configured.
[bookmark: OLE_LINK1][bookmark: OLE_LINK12]Proposal 10: 
· The frequency region equals to the UL active BWP. 
· UE is indicated by UL CI DCI a set of frequency RBs within the frequency region on which UL cancelation shall apply with the configurable indication granularity
· Alt.1: UE is indicated by a staring RB and a frequency length, i.e. RA type 0 like indication. 
· Alt.2: UE is indicated by a frequency domain bitmap, i.e. RA type 1 like indication

2.6. [bookmark: _Hlk496824026]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. More details can refer to our companion contribution [4].
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.

2.7. [bookmark: OLE_LINK34]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 2:  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:
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

· Dynamic scheduling UL transmission 
For dynamic scheduling UL transmission, option 1 is useful. 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 [5].
In RAN1#97, it has been agreed that different open loop power control configurations can be configured for a UE for eMBB and URLLC PUCCH respectively. Which means eMBB and URLLC UL transmission power can be dynamically controlled by gNB scheduling DCI. Similar solution can be used for the inter-UE PUSCH case.  
Proposal 12: For dynamic grant PUSCH, an open-loop parameter set (e.g. P0, alpha) indicated to the UE by scheduling DCI without using SRI is applied to the scheduled transmission

· UL configured grant
Option 1 can also be applied for UEs with UL configured grant transmission. For configured grant transmission, power control for such UEs can only be adjusted by 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, UE will adjust the transmission power for PUSCH accordingly. Besides, option 1 can be also adopted for eMBB UE to decrease transmission power. 
The applications of enhanced power control scheme option 1 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
	Option 1 with scheduling DCI
	Option 1 with group common DCI

	Scenario 2: 
eMBB with configured grant
URLLC with configured grant
	Option 1 with group common DCI
	Option 1 with group common DCI

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



When UL configured grant is configured for URLLC UE, 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. 
Proposal 13: For UL configured grant PUSCH, an open-loop parameter set is indicated to the UE by a UE-specific field in group common DCI.


Option 2: Increased TPC range
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. 
A set of TPC command can be configured by RRC, which can include the legacy TPC steps and the new introduced TPC steps. The actual TPC command is indicated by DCI. The question is whether or not to increase the bit-field size for TPC command field in DCI. One argument is that the legacy TPC steps for TPC command are necessary and any of them cannot be replaced by the new TPC steps. 
Regarding the TPC step= 0 dB, it may not be necessary to keep it as an option for TPC command. In [6], the aggregate power control tolerance is defined as the ability of the UE transmitter to maintain its power during non-contiguous transmissions within 21 ms in response to 0 dB commands with respect to the first UE transmission and all other power control parameters as specified in 38.213 kept constant. It can be seen that the aggregate power tolerance for TPC command 0 dB for PUSCH is ± 3.5 dB. Therefore, the TPC step = 0 may be removed from the set of TPC command for URLLC. In result, it is not necessary to increase bits of TPC command in DCI.
Proposal 14:  2bits is used per TPC command. The power adjustment value for each entry is higher layer configured

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:  For UL cancellation for eMBB UE, gNB should ensure the actual processing time (considering TA) for cancellation meet the minimum UE processing time for cancellation operation. No spec impact is needed. 
Observation 2:  In case of inter-UE multiplexing with configured grant transmissions, UL cancellation indication may not be applicable.

Proposal 1: For eMBB UE supporting UL cancellation, mini-slot level monitoring periodicity for UL cancelation indication is supported.
· Monitoring periodicity can be 2, 4, 7 or 14 symbols as starting point
· For mini-slot level monitoring, monitoring occasion and number for blind decoding for UL cancellation indication, should be configurable.
[bookmark: _GoBack]Proposal 2: Upon detecting an UL cancellation indication, UE stops the corresponding UL signal/channel transmission and does not resume the remaining part of the same UL signal/channel transmission.
Proposal 3: The minimum UE processing time for UL cancelation indication, Ncancellation, needs to be specified.
· Ncancellation at least equals to N2 of Rel-15 UE processing time Capability #2 is supported.
· A new UE capability can be considered.
· FFS Ncancellation shorter than N2 of Rel-15 UE processing time Capability #2.
Proposal 4: For UE supporting UL cancellation indication
· For UL cancellation, processing time capability equal to N2 of Rel-15 UE capability #2 is applied for UL transmission cancellation
· For PUSCH preparation, the existing UE processing time capability is maintained
Proposal 5: An eMBB UE can be configured to monitor UL cancellation indication that potentially cancels UL transmission 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
Proposal 6: For design of group common DCI carrying UL cancellation indication, mechanism of DCI format 2_1 is used for UL cancellation indication, i.e.  a time/frequency domain indication is provided in the cancelation indication DCI for a group of UEs to derive the UL cancelation behavior.
Proposal 7: Time region for UL cancellation is defined. The duration of time region is determined by following options.
· Option 1: Time region duration equals to the monitoring periodicity of PDCCH carrying UL cancellation indication.
· Option 2: Time region duration is configured explicitly by RRC.
Proposal 8: Upon receiving UL cancellation indication, UE determines the time region for cancellation by following alternatives.
· Alt. 1:  For a given PDCCH monitoring occasion where a UL cancelation is detected, the corresponding time region starts at N2 symbols after the last symbol of PDCCH monitoring occasion, where N2 is the UE minimum cancellation time.
· Alt. 2: For a given PDCCH monitoring occasion where a UL cancelation is detected, the corresponding time region starts at K2 slots/symbols after the last symbol of PDCCH monitoring occasion, where K2 is indicated by the UL cancellation indication.
Proposal 9: For time domain indication of a set of symbols within time region on which the UL cancelation shall apply, following alternatives can be adopted.
· Alt.1: UE derives the set of symbols for UL cancelation based on an indicated starting symbol and the ending symbol of the time region
· Alt.2: UE derives the set of symbols for UL cancelation based on an indicated staring symbol and length by SLIV like indication
· Alt.3: UE derives the set of symbols for UL cancelation based on an bitmap like indication
Proposal 10: 
· The frequency region equals to the UL active BWP. 
· UE is indicated by UL CI DCI a set of frequency RBs within the frequency region on which UL cancelation shall apply with the configurable indication granularity
· Alt.1: UE is indicated by a staring RB and a frequency length, i.e. RA type 0 like indication. 
· Alt.2: UE is indicated by a frequency domain bitmap, i.e. RA type 1 like indication
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: For dynamic grant PUSCH, an open-loop parameter set (e.g. P0, alpha) indicated to the UE by scheduling DCI without using SRI is applied to the scheduled transmission
Proposal 13: For UL configured grant PUSCH, an open-loop parameter set is indicated to the UE by a UE-specific field in group common DCI.
Proposal 14:  2bits is used per TPC command. The power adjustment value for each entry is higher layer configured
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