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[bookmark: _Ref513464071]Introduction
In RAN1 meeting #96bis [1] and RAN1 meeting #97 [2], the agreements were made on inter UE Tx prioritization/multiplexing for eURLLC dealing with UL cancellation and enhanced power control (see Appendix).
 
In this contribution, we discuss further issues such as multiplexing with different channels, the UL cancellation indication design details, and additional details on enhanced power control. 
Multiplexing with Different Channels
In RAN1 #96bis, there was an agreement to further discuss which eMBB channels could potentially be cancelled by an UL cancellation indication. 
In NR, PUCCH is used by the UE for transmission of critical feedback information (e.g., HARQ-ACK, SR) to gNB. In case the eMBB UE is configured with UL cancellation, the eMBB UE can cancel UL transmission including PUCCH on time-frequency resources which overlap with UL transmissions from URLLC UE. If the PUCCH is cancelled, the eMBB UE may not be able to transmit an SR to request an UL grant from gNB or the HARQ-ACK corresponding to a received PDSCH. In the latter case, the gNB cannot assume that the eMBB UE has correctly detected the DL packet transmitted in the corresponding PDSCH and therefore may need to retransmit the DL packet which results in a loss in system efficiency. Accordingly, a mechanism is needed to make sure the eMBB UE which is configured with UL cancellation can transmit essential feedback in UL to the gNB. This will enable the gNB cancel UCI transmission on configured or dynamically indicated PUCCH resources which entirely or partially overlap with the time-frequency resources configured for UL transmission by the URLLC UE. To do this, the eMBB UEs subject to UL cancellation can be configured with multiple PUCCH resource sets for each range of UCI information bits, e.g., 
· A primary PUCCH format with the associated resource sets which can be used by the UE for UCI transmission during normal operation with no UL cancellation, and
· Secondary PUCCH format with the associated resource sets which can be used by the UE for UCI transmission in case of UL cancellation. (3) 

This is illustrated in Figure 1 in which we show a scenario with a primary PUCCH format in a resource set in RB2 and a secondary PUCCH format in a resource set in RB1. On receipt of the cancellation indication, the UE starts transmitting any UCI in the secondary PUCCH resource set using the secondary PUCCH format.  
[image: ]
[bookmark: _Ref7089501]Figure 1: PUCCH resource identification based on UL cancellation indication 
For PRACH transmissions, the eMBB UE can be configured with primary and secondary PRACH resources to avoid collision with the interrupting URLLC transmission. Note that this may only be possible for contention-free RACH in connected mode.
Proposal 1: Support UL cancellation for eMBB PUCCH and PRACH transmissions 
UL Cancellation Indication Design
In RAN1 #97, it was agreed to support at least a group common DCI should as a cancellation indication signal to eMBB UEs. This section looks at issues associated with the design of the GC-DCI. 
Cancellation Indication Signalling
The GC-DCI for indication of PUSCH cancellation should explicitly indicate the cancelled/interrupted resources. On receipt of the GC-DCI, the eMBB UE can determine the cancellation of its transmission (e.g. in the case of PUSCH cancellation with no resume) or its adaptation based on the modified set of resources (e.g. in the case of PUSCH cancellation with configured grant or PUCCH cancellation and retransmission on a secondary PUCCH resource set). 

A UE can be provided by a higher layer parameter “UplinkCancellation” and be configured with a specific radio network temporary identifier (RNTI), e.g. “CAN-RNTI”, for monitoring a GC-PDCCH conveying a GC-DCI indicating the UL cancellation. The GC-DCI can have a specific format dedicated to UL cancellation indication (e.g. DCI format 2_4). This DCI format 2_4 can be used for signaling the PRB(s) and OFDM symbol(s) where the eMBB UE can assume that no transmission is expected from the UE.  

NR could also combine the UL cancellation indication GC-DCI with the DL preemption GC-DCI specified in Rel-15. In this case, the UE can also use INT-RNTI (which is used for monitoring downlink preemption) for monitoring UL cancellation. DCI format 2_1 defined in NR R15 can be used to convey both downlink preemption and uplink cancellation indication. The UE can determine which part of the DCI format 2_1 is indicating downlink preemption indication or UL cancellation indication, explicitly based on higher layer configuration (e.g., when the UE is simultaneously configured with both UL cancellation and DL preemption) and/or implicitly based on other parameters (e.g., the DCI payload size or based on an additional field in the DCI itself).

The GC-DCI for UL cancellation indication can carry a bitfield which can be mapped to the UL cancelled resources explicitly indicating the frequency and time of the cancelled resources in RBs and OFDM symbols. The granularity for time-frequency resources can be semi-statically configured by a higher layer. This configuration can be the same as the configuration of parameter granularity for time-frequency resources for downlink preemption indication.

Like the downlink preemption indication, the bits of the UL cancellation indication can be grouped to several groups of the same size, and each group of bits corresponds to a subset of frequency bandwidth (i.e. a subset of PRBs of the bandwidth part) or a symbol or a subset of symbols in the monitoring period or a combination of the frequency and time subsets. In this case, the bits of each group can indicate cancellation in that time-frequency subset of resources. 

Proposal 2: The GC-PDCCH for UL cancellation should explicitly indicate the time and frequency region for the UL cancellation 
Monitoring Overhead Reduction
[bookmark: _Hlk16364229]As opposed to DL preemption, UL cancellation requires continuous monitoring of the UL cancellation indication which could result in high monitoring overhead.

To reduce the monitoring overhead on the eMBB UE, a cancellation indication can be applicable to a pre-configured subset of resources. The UE can monitor the cancellation indication in a multi-step process to determine the resource allocation of the cancelled resource and whether it is applicable to the UE. For example, the eMBB UE can first monitor a GC-DCI indicating the likelihood of a URLLC UE transmission. After receiving information on the possibility of a URLLC UE transmission, the eMBB UE can then monitor the PDCCH within PDCCH search spaces that have been configured for URLLC UE cancellation monitoring (e.g. based on the R15 format) to determine the resources applicable for cancellation. 
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Figure 2: URLLC UE Cancellation Monitoring

A simple example is illustrated in the following figure. As can be seen, the UE rather than having 10 monitoring occasions, only has 4 based on a combination of the U cancellation monitoring configuration with the URLLC UE transmission configuration. 
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Figure 3: Example of Efficient UE Cancellation Monitoring

From the network perspective, the URLLC UE transmission configuration can be sent to the eMBB UE as a function of the type of transmission of both the eMBB UE and the URLLC UE (i.e. whether configured grant (CG) or dynamic grant (DG) transmissions). For example, if both the eMBB UE and URLLC UE are CG transmissions, the URLLC UE transmission configuration can be sent to the eMBB UE explicitly using higher layer configuration while if the URLLC UE is a DG transmission, the transmission configuration can be sent to the eMBB UE using Layer 1 signaling. 

To reduce monitoring overhead, a cancellation indication could also be assigned a set of priority levels indicating applicability to a transmission of a given priority level. For example, a cancellation indication can only be applicable to priority levels below a certain level, such as a level corresponding to eMBB only. The set of applicable priority levels can be configured by RRC along with a set of resources subject to cancellation indication and the UE can monitor the cancellation indication as a function of the priority level of its scheduled transmission. For example, the UE can monitor for the cancellation indication only if the priority level associated with the transmission is below a certain threshold. Note that this can require the definition of a PHY layer priority mechanism for URLLC traffic.

Proposal 3: Support mechanisms for efficient monitoring of the GC-DCI carrying the cancellation indication on the eMBB UE

Proposal 4: A cancellation indication can be applicable to a pre-configured subset of resources. 

Proposal 5: A cancellation indication can be assigned a set of priority levels indicating applicability to a transmission of a given priority level.
Cross Carrier Cancellation Indication 
[bookmark: _Hlk16368290]For an eMBB UE transmitting uplink data or UCI on a TDD carrier (e.g. a TDD system with minimal DL/UL switching), it may not be possible to monitor for cancellation indications on the same carrier. Allowing a cancellation indication on a different component carrier could enable timely reception of the cancellation indication by the eMBB UE. The UE can then cancel a transmission on a given carrier upon receiving a cross carrier cancellation indication. The cross-carrier indication can indicate information such as the carrier index applicable for cancellation and a timing offset at which the cancellation starts, which can be explicitly signaled or implicitly determined by the UE based on downlink reference timings and/or uplink timing advances of both carriers. The timing offset can also consider the minimum processing times of the UE on each component carrier. This could be differ based on, for example, the numerologies of the component carriers or the bands they are located in. 

Proposal 6: Support cancellation indication for a resource in a different carrier 
Enhanced Power Control
In RAN1#97, it was agreed to down-select from three options for enhanced power control. In the first two options, modifying the open loop power control parameters was compared with modifying the TPC range of the closed loop power control. In the third option, the solution proposes to down-select from the two previous options for DG-based operation while for CG based-operation, the UE derives the transmissions power based on the time/frequency resource indicated by a group common DCI. We support this option and believe that a mechanism may be needed for CG-based operation where the URLLC UE is semi-statically configured to boost its power if the UL transmission happened to be in specific pre-configured resources.
To further enhance the performance in Rel-16 and to facilitate the gNB’s ability to locate the potential CG-based, low-latency transmission in the frequency-time resource grid, the gNB could semi-statically pre-configure certain portions of the resource grid (i.e., the set of PRBs and the set of symbols) for possible UL CG-based transmission similar to the mechanism defined for downlink pre-emption as shown in Figure 4. The designated resources could include unallocated resources or overlap with the allocated resources for the eMBB UL transmission but could exclude critical signals such as the DMRS signals. In this case, the URLLC UE could boost its transmission power in those pre-configured resources to further enhance the reliability of the received signals at the gNB.  

[bookmark: _Hlk16381139]For enhanced power control, in the resources where the eMBB UE and URLLC UE overlap, it has been shown that there is negligible loss in performance for both the eMBB UE and URLLC UE is it is assumed that there are orthogonal DMRS between eMBB and URLLC UEs [3]. As such, it is beneficial for RAN1 to support a mechanism to ensure that the DMRS of the eMBB UE and the URLLC UE are mutually orthogonal. 
Proposal 7: At least for single active CG-PUSCH, UE can derive the transmissions power based on the time/frequency resource indicated by a group common DCI (option 3)
[bookmark: _GoBack][image: ]
[bookmark: _Ref525895136]Figure 4: A example of semi-static configuration of the resources with possible overlap between a grant-based and grant-free transmission 

Conclusion
In this contribution, we provided our views on enhanced inter-UE Transmission prioritization and multiplexing for eURLLC. Our proposals are as follows:
Proposal 1: Support UL cancellation for eMBB PUCCH and PRACH transmissions 
Proposal 2: The GC-PDCCH for UL cancellation should explicitly indicate the time and frequency region for the UL cancellation 

Proposal 3: Support mechanisms for efficient monitoring of the GC-DCI carrying the cancellation indication on the eMBB UE

Proposal 4: A cancellation indication can be applicable to a pre-configured subset of resources. 

Proposal 5: A cancellation indication can be assigned a set of priority levels indicating applicability to a transmission of a given priority level.

Proposal 6: Support cancellation indication for a resource in a different carrier 

Proposal 7: At least for single active CG-PUSCH, UE can derive the transmissions power based on the time/frequency resource indicated by a group common DCI (option 3)
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Agreements
In RAN1 meeting #96bis [1], the following agreements have been made about inter UE Tx prioritization/multiplexing for eURLLC:
 
Working assumption:
· PDCCH is used for UL cancellation indication 
· The Working assumption can be revisited if the DCI for cancellation indication only carry very small number of information bits, e.g. 1 bit. 
Agreements:
· Upon detecting an UL cancellation indication, at least stop without resuming is supported
· FFS whether and how to support stop with resume 
Agreements:
· Further discuss which UL transmissions that can potentially be cancelled by the UL cancellation 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 cancellation indication 
· 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.  

In RAN1 meeting #97 [2], the following agreements have been made about inter UE Tx prioritization multiplexing for eURLLC 
Agreements:
· Support at least group common DCI for cancellation indication
· FFS whether or not to additionally support UE-specific DCI for cancellation indication
Agreements:
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

image3.png




image4.png
slot

Mini Slot

Possible overlap betweens grant -
based and grant-free UL transmission

Srom





image1.png
System
BW

UL Cancellation

_

Slot

#E0

REL

Rs2

RE3

gy Primary PUCCH

fomrat

Secondary PUCCH
L format.
SN PUSCH




image2.png
URLLC UE transmission
configuration

URLLC UE cancellation
monitoring
configuration





