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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#98, the following agreements have been made [1]:
[bookmark: _Hlk3800378]Agreements:
· Further discuss methods to reduce the UE monitoring for UL CI, e.g. 
· The number of aggregation levels and/or candidates for the UL CI monitoring should be limited
· Conditions for eMBB UE UL CI monitoring:
· For UL transmission with associated PDCCH, 
· Option 1: UE starts UL CI monitoring after the PDCCH is decoded
· Option 2: UE monitors UL CI at least at the latest monitoring occasion ending no later than X symbols before the start of the UL transmission, and X is related to UL CI processing time.
· For UL transmission without associated PDCCH, UE monitors UL CI at least at the latest monitoring occasion that ends no later than X symbols before the start of the UL transmission, and X is related to UL CI processing time. 
· Other conditions?
· Others?
· FFS the enhancement of UE capability (number of non-overlapping CCE and/or blind decodes) for UL CI monitoring
Agreements:
· Upon detecting an UL cancelation indication, for the transmission of UL signal/channels, “stop with resuming” is not supported
· Except:
· SRS can still be transmitted on the non-cancelled symbols (conditioned on if SRS can be pre-empted)
· FFS for the PUSCH repetition (Rel-15 & Rel-16) case
· FFS for the PUCCH repetition case (conditioned on if PUCCH can be pre-empted)
· FFS whether another PUSCH can be scheduled in non-pre-empted resource
· FFS impact (e.g. phase continuity issue) to a different carrier due to UL cancelation
Agreements:
· [bookmark: _Hlk19107460]The following UL channel/signals can be cancelled by UL cancelation indication
· [bookmark: _Hlk19107541]PUSCH (including DG-, CG- and SP-)
· FFS for SRS
· FFS for PUCCH 
· [bookmark: _Hlk19107624]Option 1: PUCCH (all types) can be cancelled
· Option 2: Some PUCCH can be cancelled, e.g. PUCCH carrying CSI
· Option 3: PUCCH cannot be cancelled
· FFS for PRACH (preamble and/or MSG 3 PUSCH) 
Agreements:
· The UE processing time requirement for UL cancelation indication based on N2 defined in Rel-15 UE cap#2 is supported
· FFS whether the processing time requirement for UL cancelation indication larger than N2 as defined in Rel-15 UE cap#2 can also be supported as an UE capability
· FFS whether the processing time requirement for UL cancelation indication shorter than N2 as defined in Rel-15 UE cap#2 as can also be supported an UE capability 
Agreements:
· For a DG-PUSCH, an open-loop parameter set indicated to the UE by scheduling DCI using a separate field than SRI is supported. 
· FFS number of bits for the indication
In this contribution, we discuss further the methods to reduce the UE monitoring for UL CI, content of UL cancellation indication and enhanced UL power control scheme.  
Discussion
UL inter-UE cancellation indication
Multiplexing URLLC and eMBB transmissions can provide better spectrum resource utilization and capacity gain. For Rel-15 UEs which do not support Rel-16 UL cancellation indication, semi-static resource partitioning in time and frequency domain between URLLC and eMBB services may be needed. 
To protect the URLLC transmissions from the interfering eMBB transmissions, UL cancellation indication may apply to all UL transmissions which do not use the eMBB only region, e.g. PUSCH (including DG-PUSCH, CG-PUSCH and SP-PUSCH), SRS and PUCCH (including SR, HARQ and CSI). 
A compact DCI can be used for UL cancellation indication. The minimum size of compact DCI is targeting 10~16 bits reduction compared to the DCI format size of 40 bits for Rel-15 fall back DCI, which would meet the URLLC BLER requirements, as discussed in [1] section 7.2.6.1. The UE DCI size budget is not increased by monitoring for the UL cancellation indication.
The number of affected eMBB UEs could determine the use of either group common DCI or UE specific DCI. If a number of eMBB UEs would be affected by the URLLC transmission, then these UEs could be configured to monitor a group common DCI which indicates the time/frequency region on which the UL cancellation indication applies. The applicable preemptable resource can be indicated via a resource index/bitmap in the UL cancellation indication. The pre-configuration of time/frequency region for eMBB/URLLC multiplexing can help to reduce the number of bits in the dynamic indication. 
Proposal 1: The time/frequency region of potential multiplexing URLLC transmissions is pre-configurable for a group of affected UEs.
The eMBB UE would only need to monitor the UL cancellation indication (UL CI), if it already has or is scheduled to have an UL eMBB transmission over the time and frequency resources configured for the URLLC service. If the time/frequency region of potential URLLC transmission has been pre-informed to the eMBB UEs, the UL CI monitoring will only need to be triggered if a UE’s eMBB transmission overlaps with the multiplexing regions. 
For a UE in TDD mode, the eMBB UE may transmit uplink traffic on one carrier and listen to the uplink cancellation indication on another carrier.
Proposal 2: A UE only monitors PDCCH for UL cancellation indication if it has or is scheduled to have a UL eMBB transmission over resources configured for URLLC service.     
For multiplexing between grant-based UL transmission from a UE and grant-free UL transmission from another UE, the information of configured grant resource (e.g. the time-frequency allocation, including periodicity in mini-slots/symbols) for URLLC services may be known to the multiplexing eMBB UEs via RRC signalling. The eMBB UEs may be scheduled dynamically or via configured grants. The time/frequency region over which the UL cancellation applies may then be notified to the eMBB UE(s) via a resource index in the group common PDCCH. An index which maps to multiple configured grant configurations can be used for the case of multiple active CG-PUSCH as shown in table 1 below:
	Resource Index
	Multiple CG-configurations

	0
	CG-configuration0, CG-configuration1

	1
	CG-configuration2, CG-configuration3

	2
	CG-configuration0, CG-configuration3

	3
	CG-configuration1, CG-configuration2


Table 1 Resource indication for multiple active CG-PUSCH
Note that not all combinations need to be supported in order to reduce the bit field width.
Proposal 3: Support UL cancellation indication to indicate the multiple active CG-PUSCH via a resource index.
The ratio of resources required by URLLC can be typically small, with PUSCH occupying only a small bandwidth of higher PSD, while the eMBB transmission may have wider bandwidth due to the higher data rate. For cases where only the transmission of a single eMBB UE needs to be cancelled, the UE specific DCI is more suitable. If timeline can be satisfied, the UE specific UL grant for the same TB may reuse the non-pre-empted resources of the cancelled UL transmission. It is also possible for another PUSCH to reuse the non-pre-empted resources. Furthermore, the UE specific DCI can apply UE-specific beamforming which may significantly improve the PDCCH reliability for cell edge UEs. It is not expected that a UE is to monitor both group-common and UE specific DCI at the same time for UL CI.
For Rel-16 PUSCH with repetitions, the UL CI may cancel one or more impacted repetitions, but not necessarily the whole UL transmissions. The cancelled repetition may be re-attempted. This will result in the scenario of the unavailability of time domain resources for one or more transmission occasions, currently being discussed in [1] section 7.2.6.3 ‘PUSCH enhancements for URLLC’. 
Similarly, only SRS within the impacted region will need to be cancelled.
Proposal 4: Support UE specific DCI for UL cancellation indication in addition and reuse the non-pre-empted resources.

For the dynamically scheduled PUCCH, the UL Cancellation Indication may include a PUCCH resource indicator  for the fast recovery/relocation of eMBB PUCCH, in order to avoid multiple eMBB PDSCH retransmissions, e.g. if a eMBB HARQ-ACK codebook has to be cancelled, or significant loss of system efficiency.
Other PUCCHs such as that for periodic CSI report may not be of high priority, if present, the new PUCCH resource indicator in the UL cancellation indication can be used to override the initial PUCCH configuration.
Proposal 5: Support UL cancellation indication to include a PUCCH resource indicator.
Semi-persistent UL transmissions such as PUSCH, PUCCH, SRS, or periodic UL transmissions including configured grant PUSCH, PUCCH, SRS, can potentially be cancelled by the UL cancellation indication. SRS can be transmitted on the non-cancelled symbols within the same slot. The URLLC transmission may be of a short interval. It is therefore unnecessary to stop the periodic UL transmissions. It is also not feasible to send UL cancellation indication for each semi-persistent transmission instance which may be affected. A UL cancellation indication can apply to time-domain resources corresponding to multiple UL cancellation indication monitoring occasions. The applicable time duration for UL CI may be configurable. No additional signalling is then required to notify the UE to resume or restart the suspended eMBB transmissions.
[bookmark: _Hlk7451727]Proposal 6: Support a configurable time duration for UL cancellation indication.
[bookmark: _GoBack]For UL transmission with or without associated PDCCH, UE monitors UL CI at least at the latest monitoring occasion ending no later than X symbols before the start of the UL transmission, and X is related to UL CI processing time. The processing time requirement for UL cancelation indication larger than N2 or smaller than N2 as defined in Rel-15 UE cap#2 can be supported as UE capability. 
The PDCCH monitoring is based on reported Rel-16 UE capability for both eMBB and URLLC. The maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same across different spans within a slot, each span can cover CSS and/or USS. UL cancellation indication monitoring may be included in Rel-16 PDCCH monitoring capability. The number of non-overlapping CCEs, and number of blind decodings for the purpose of UL cancellation indication monitoring do not need to be separately configured, since the DCI monitoring interval for UL cancellation indication should be aligned with the mini-slot based eMBB/URLLC scheduling DCI. Only configured aggregation levels may be supported for UL cancellation indication.
Proposal 7: No significant increase to the overall Rel-16 eMBB UE PDCCH monitoring capability for UL cancellation indication.
Enhanced Power Control
In RAN1#98, it is agreed that for a DG-PUSCH, an open-loop parameter set is indicated to the UE by scheduling DCI using a separate field than SRI is supported. 
Given that there are 1 to 30 instances of P0-PUSCH-AlphaSet, or 16 instances of mapping via SRI-PUSCH-PowerControl, 4 to 5 bits will be needed for the full indication. We propose the following options:  
Option 1: Configure a subset of ‘p0-PUSCH-Alpha’ settings, e.g. via a look-up table indicating only the highest values. 
Option 2: Configure a new 2 bits field which indicates the increase in the transmit power setting, e.g. {0dB, 3dB, 6dB, 9dB}. 
Similarly, the value ranges can also be configured to reduce the eMBB transmission power. 
Proposal 8: Support gNB to define a new 2 bits field to indicate the new transmit power setting or the power increase for the UE’s UL transmission.
Conclusion
In this contribution, we discussed the mechanisms for supporting inter-UE UL Tx prioritization and multiplexing and proposed,
Proposal 1: The time/frequency region of potential multiplexing URLLC transmissions is pre-configured for the affected UEs.
Proposal 2: A UE only monitors PDCCH for UL cancellation indication if it has or is scheduled to have a UL eMBB transmission over resources configured for URLLC service.     
Proposal 3: Support UL cancellation indication to indicate the multiple active CG-PUSCH via a resource index.
Proposal 4: Support UE specific DCI for UL cancellation indication in addition and reuse the non-pre-empted resources.
Proposal 5: Support UL cancellation indication to include a PUCCH resource indicator.
Proposal 6: Support a configurable time duration for UL cancellation indication.
Proposal 7: No significant increase to the overall eMBB UE PDCCH monitoring capability for UL cancellation indication.
Proposal 8: Support gNB to define a new 2 bits field to indicate the new transmit power setting or the power increase for the UE’s UL transmission.
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