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[bookmark: _Ref513464071]Introduction
This contribution discusses the following issues related to PDCCH enhancements:
· Enhanced PDCCH monitoring
· Priority indication field
Enhanced PDCCH monitoring
In RAN1#98, RAN1 agreed to the following:
For a Rel-16 UE supporting enhanced PDCCH monitoring capability, down-select between option 1 and option 2: 
· Option 1: PDCCH monitoring based on Rel-15 capability for eMBB and PDCCH monitoring based on Rel-16 capability for URLLC can be configured to a UE on the same carrier
· UE monitors PDCCH for eMBB following reported Rel-15 capability, and monitors PDCCH for URLLC following reported Rel-16 capability 
· For Rel-16 PDCCH monitoring capability, the limit C on 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 for Rel-16 PDCCH only cover USS for URLLC (FFS for CSS)
· Option 2: PDCCH monitoring for both eMBB and URLLC can be configured based on either Rel-15 capability or Rel-16 capability
·   gNB configures which capability is used 
· For Rel-16 PDCCH monitoring capability,
· The limit C on 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  
· Note: the value C is to be separately discussed
The advantages and drawbacks of each option have been extensively analysed in contributions submitted to RAN1#98bis. Discussions in RAN1#98bis did not result in consensus on which Option to agree on. 
A possible way forward is to support both Options in R16 while striving for common design whenever possible to mitigate the resulting higher complexity from the network side. For example, one concern expressed for Option 1 is the potential inefficiency of segregating PDCCH monitoring occasions between eMBB and URLLC traffic. Such concern may be alleviated if PDCCH monitoring occasions based on R16 capability can also be used for eMBB traffic. From UE implementation perspective, an important aspect is enabling unambiguous association of a PDCCH candidate to a processing unit (for PDSCH or PUSCH). Therefore, a design that decouples prioritization aspects from processing capability aspects could be satisfying both for UE implementation complexity and network flexibility. Such design could be as per the following principles:
(a) Enabling identification of PDCCH candidates for each PDSCH (or PUSCH) processing capability - i.e. before decoding DCI;
(b) Enabling indication of priority for PDSCH pre-emption, HARQ-ACK or PUSCH separately from the processing capability – i.e. after decoding DCI.
[bookmark: _Hlk24132721]The solution for (a) entails that a successfully decoded PDCCH candidate for a given processing capability is implicitly associated to this processing capability. In practice this requires that PDCCH candidates are separated by CORESET (resource) and/or DCI size. To maximize network flexibility, it would be desirable that either alternative (CORESET or DCI size) is possible. This could be achieved by configuring separate search spaces for each processing capability and letting the network ensure that the configuration is such that there is no PDCCH candidate for same DCI size that is common between the search spaces.
Proposal 1: For R16 enhanced PDCCH monitoring capability, both Option 1 and Option 2 described in agreement from RAN1#98 are supported.
For Option 1, the following proposals summarize the above design principles:
Proposal 2: In Option 1, priority indication for HARQ-ACK, PUSCH, and (if applicable) PDSCH is by explicit indication in DCI.
Proposal 3: In Option 1, RRC configures separate search space sets corresponding to R15 and R16 PDCCH monitoring capabilities.
Proposal 4: In Option 1, RRC configures a PDSCH (PUSCH) processing capability for each search space set.
Proposal 5: In Option 1, UE does not expect that a PDCCH candidate in a search space set corresponding to a first PDSCH (PUSCH) processing capability uses a same set of CCEs for the same DCI size as a PDCCH candidate in a search space set corresponding to a second PDSCH (PUSCH) processing capability.
For Option 2, the same principles can be adopted. Option 2 can also support configuration of different processing capabilities on the same carrier, with well-identified PDCCH candidates for each. As in Option 1, PDCCH candidates associated with either processing capability can be used to schedule eMBB traffic since the priority indication is separately indicated by DCI. Of course, Option 2 can also support configuration of a single processing capability.
Proposal 6: In Option 2, priority indication for HARQ-ACK, PUSCH, and (if applicable) PDSCH is by explicit indication in DCI.
Proposal 7: In Option 2, RRC can configure separate search space sets corresponding to different PDSCH (PUSCH) processing capability.
Proposal 8: In Option 2, UE does not expect that a PDCCH candidate in a search space set corresponding to a first PDSCH (PUSCH) processing capability uses a same set of CCEs for the same DCI size as a PDCCH candidate in a search space set corresponding to a second PDSCH (PUSCH) processing capability.
Observing that both Options can be enabled using a common design, it is proposed that either Option can be supported by a UE in R16.
Observation 1: Both Option 1 and Option 2 support the same solution for priority indication.
Observation 2: Both Option 1 and Option 2 support the same solution for identification of processing capability.
Proposal 9: UE reports whether it supports Option 1 or Option 2 as capability.
Priority indication field
This section provides additional details on the usage of the proposed priority indication field in DCI scheduling PDSCH or PUSCH.
Priority indication field in DCI scheduling PDSCH (DCI format 1-2)
In RAN1#98bis, RAN1 agreed to support 2-level priority of HARQ-ACK for dynamically-scheduled PDSCH and SPS PDSCH (& ACK for SPS PDSCH release) in R16. In a companion contribution [2] we propose that the identification of HARQ-ACK codebook/priority for dynamically-scheduled PDSCH is by explicit indication from DCI.
[bookmark: _Hlk24133245]As discussed in previous meetings as part of scheduling/HARQ AI, the UE needs to determine a priority for PDSCH in case of overlap between two PDSCHs in both time- and frequency-domain, and potentially also in case of overlap in time-domain only. The simplest solution for this is to indicate the priority explicitly by DCI. In this case, it would be natural to overload the priority indication for HARQ-ACK since there is very high correlation between the two in most practical cases. One possible optimization that would allow for independent prioritization between PDSCH and its corresponding HARQ-ACK is to derive the priority of PDSCH based on the timing of the scheduling DCIs. However, such solution potentially entails more complexity for the UE especially for implementations based on separate processing units. Thus, it should be applied only in case the UE reports a capability.
Proposal 10: Introduce a “priority indication” field in DCI format 1-2 to indicate HARQ-ACK priority level and associated configuration.
Proposal 11: The “priority indication” field of DCI format 1-2 also indicates priority of PDSCH, unless the UE reports a capability to derive PDSCH priority based on DCI timing.
With the above functionality and 2-level priority, the required size for this field is 1 bit.
Priority indication field in DCI scheduling PUSCH (DCI format 0-2)
In RAN1#98bis, RAN1 agreed to support 2-level priority of dynamically-scheduled PUSCH at least for PHY layer collision handling. In a companion contribution [2] we propose that the identification of PUSCH priority for dynamically-scheduled PUSCH is by explicit indication from DCI.
In [3], we propose to support an additional PUSCH power control configuration for URLLC to ensure that the right amount of power is used for both eMBB and URLLC transmissions to meet their respective reliability targets. The selection of the PUSCH power configuration should naturally be tied to the priority indication, similar to what was agreed for HARQ-ACK. This can avoid the configuration of the 1-bit power boost indication in DCI when inter-UE prioritization based on transmission power is not used. When inter-UE prioritization based on transmission power is used in addition, this provides more transmission power levels that can be selected dynamically, i.e. two possible levels when the UE transmits high-priority PUSCH and two other possible levels when the UE transmits low-priority PUSCH.
Proposal 12: Introduce a “priority indication” field in DCI format 0-2 to indicate PUSCH priority level.
Proposal 13: The “priority indication” field of DCI format 0-2 also indicates a PUSCH power control configuration (if supported).
At RAN2#107bis, RAN2 sent an LS to RAN1 [3] stating the following:
R2 think it would be useful to introduce a new LCP restriction in the following way: The DCI that is scheduling PUSCH may include a specific indication. LCH configuration in RRC contains information on whether the LCH can utilize grant with this indication or not. 
R2 intends that this mechanism can be used to differentiate grants for traffic that requires high reliability.
The most natural way to achieve differentiation of grants based on high reliability is to reuse the PUSCH priority indication.
Proposal 14: Inform RAN2 that the indication for LCP restriction in the DCI scheduling PUSCH can be the PUSCH priority.
Conclusion
In this contribution, we provided our views on PDCCH enhancements for eURLLC. The following proposals are made:
Proposal 1: For R16 enhanced PDCCH monitoring capability, both Option 1 and Option 2 described in agreement from RAN1#98 are supported.
For Option 1, the following proposals summarize the above design principles:
Proposal 2: In Option 1, priority indication for HARQ-ACK, PUSCH, and (if applicable) PDSCH is by explicit indication in DCI.
Proposal 3: In Option 1, RRC configures separate search space sets corresponding to R15 and R16 PDCCH monitoring capabilities.
Proposal 4: In Option 1, RRC configures a PDSCH (PUSCH) processing capability for each search space set.
Proposal 5: In Option 1, UE does not expect that a PDCCH candidate in a search space set corresponding to a first PDSCH (PUSCH) processing capability uses a same set of CCEs for the same DCI size as a PDCCH candidate in a search space set corresponding to a second PDSCH (PUSCH) processing capability.
Proposal 6: In Option 2, priority indication for HARQ-ACK, PUSCH, and (if applicable) PDSCH is by explicit indication in DCI.
Proposal 7: In Option 2, RRC can configure separate search space sets corresponding to different PDSCH (PUSCH) processing capability.
Proposal 8: In Option 2, UE does not expect that a PDCCH candidate in a search space set corresponding to a first PDSCH (PUSCH) processing capability uses a same set of CCEs for the same DCI size as a PDCCH candidate in a search space set corresponding to a second PDSCH (PUSCH) processing capability.
Observation 1: Both Option 1 and Option 2 support the same solution for priority indication.
Observation 2: Both Option 1 and Option 2 support the same solution for identification of processing capability.
Proposal 9: UE reports whether it supports Option 1 or Option 2 as capability.
Proposal 10: Introduce a “priority indication” field in DCI format 1-2 to indicate HARQ-ACK priority level and associated configuration.
Proposal 11: The “priority indication” field of DCI format 1-2 also indicates priority of PDSCH, unless the UE reports a capability to derive PDSCH priority based on DCI timing.
Proposal 12: Introduce a “priority indication” field in DCI format 0-2 to indicate PUSCH priority level.
Proposal 13: The “priority indication” field of DCI format 0-2 also indicates a PUSCH power control configuration (if supported).
Proposal 14: Inform RAN2 that the indication for LCP restriction in the DCI scheduling PUSCH can be the PUSCH priority.
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Appendix
RAN1#98bis agreements
	Agreements:
Support configurable number of bits (0 or 1 bit) for “VRB-to-PRB mapping” in the new DCI format for DL scheduling for Rel-16 URLLC. 
· If 0 bit is configured, non-interleaved VRB-to-PRB mapping as in Rel-15 is applied.  

Agreements:
Support configurable number of bits (0 or 1 or 2 bits) for “Redundancy version” in the new DCI format for DL scheduling for Rel-16 URLLC.
· If 0 bit is configured, RV0 is used. 
· If 1 bit is configured, RV0 and RV3 are indicated dynamically  
Agreements:
· Support configurable number of bits (0 or 1 or 2 or 3 bits) for “Carrier indicator” for the new DCI formats scheduling Rel-16 URLLC.
· The number of bits for “carrier indicator” in the new DCI format for DL scheduling and the new DCI format for UL scheduling can be separately configured.

Agreements:
For the new DCI format for DL scheduling for Rel-16 URLLC, support configurable number of bits for the following fields:
· Antenna port(s) (0 or 4/5/6 bits)
· New RRC configuration parameters are introduced for this configuration
· Transmission configuration indication (0 or 3 bits)
· FFS 1 or 2 bits
· SRS request (0 or 2 or 3 bits)
· FFS 1 bit
· DMRS sequence initialization (0 or 1 bit) 

Agreements:
For resource allocation type 1 for frequency domain resource assignment for the new DCI formats scheduling Rel-16 URLLC, the possible configurable values for the scheduling granularity for starting point and length indication is {2, 4, 8, 16}. 
· If not configured, the granularity is 1 PRB. 
· FFS other possible values
Agreements:
For the new DCI format for UL scheduling for Rel-16 URLLC, support new RRC configuration for CSI Request and the corresponding table:
· #of bits: 0 or 1 or 2 or 3 or 4 or 5 or 6 bits, derived the same way as that of Rel-15 non-fallback DCI

Agreements:
For the new DCI format for UL scheduling for Rel-16 URLLC, support configurable number of bits for the following fields:
· SRS resource indicator (0 or 1 or 2 or 3 or 4 bits)
· FFS details of configuration
· Precoding information and number of layers (0 or 1 or 2 or 3 or 4 or 5 or 6 bits)
· FFS details of configuration
· Antenna port(s) (0 or 2 or 3 or 4 or 5 bits)
· FFS details of configuration
· SRS request (0 or 2 or 3 bits)
· FFS details of configuration
· DMRS sequence initialization (0 or 1 bit) 
· New RRC parameter is introduced to configure whether this field is present in the DCI or not
· If the field is present, then the number of bits is determined in the same way as in Rel-15
· DMRS-PTRS association (0 or 2 bits)
· FFS details of configuration
Agreements:
Support configurable number of bits (0 or 1 bit) for “Frequency hopping flag” in the new DCI format for UL scheduling for Rel-16 URLLC. 
· New RRC parameter is introduced to configure frequency hopping, and the number of bits is determined as the same way in Rel-15   
Agreements:
Support “BWP indicator (0 or 1 or 2 bits)” in the new DCI formats scheduling Rel-16 URLLC in the same way as in Rel-15.
· Same RRC parameters as that for DCI format 0_1/1_1 are used for this configuration.  

Agreements:
[bookmark: _Hlk22339633]Support “TPC command for scheduled PUCCH (2 bits)” in the new DCI format for DL scheduling for Rel-16 URLLC in the same way as in Rel-15 DCI format 1_0/1_1.

Agreements:
Support “TPC command for scheduled PUSCH (2 bits)” in the new DCI format for UL scheduling for Rel-16 URLLC in the same way as in Rel-15 DCI format 0_0/0_1.

Agreements:
Support the HARQ process number field in the new DCI format in DL and in the new DCI format in UL to be additionally configurable to 0 or 1 bit.
· The values of the HARQ process number field can map from 0 to 2^(the number of bits)-1. 
· Note: no additional specification effort for configuring 0 bit or 1 bit is expected
Agreements:
Reuse the same non-configurable 1 bit of “UL-SCH indicator” as in Rel-15 DCI format 0_1 for the new DCI format for UL scheduling 

Agreements:
Support “UL/SUL indicator (0 or 1 bit)” in the new DCI format for UL scheduling for Rel-16 URLLC as in Rel-15 DCI format 0_1. 
· Same RRC configuration for DCI format 0_1 and the new DCI format for UL scheduling 

Agreements:
Support configurable size for “PUCCH resource indicator (0 or 1 or 2 or 3 bits)” for the new DCI format for DL scheduling.  
· New RRC parameter is introduced to for the configuration
Agreements:
Support configurable size for “PDSCH-to-HARQ_feedback timing indicator (0 or 1 or 2 or 3 bits)” for the new DCI format for DL scheduling.  
· New RRC parameter is introduced to for the configuration

Agreements:
Support configurable size for “beta offset indicator (0 or 1 or 2 bits)” for the new DCI format for UL scheduling.  
· New RRC parameter is introduced to for the configuration
Agreements:
Support configurable size for “Downlink assignment index (0 or 1 or 2 or 4 bits)” for the new DCI format for UL scheduling.  
· New RRC parameter is introduced to for the configuration

Agreements:
Support configurable size for “Downlink assignment index (0 or 1 or 2 or 4 bits)” for the new DCI format for DL scheduling.  
· New RRC parameter is introduced to for the configuration




