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Introduction
In RANP #83, a new work item on physical layer enhancements for NR URLLC is approved [1]. One of the objectives of this work item is to enhance the PDCCH design for URLLC as follows:
· Specification of PDCCH enhancements [RAN1]
· DCI format(s) with configurable sizes for some fields, with a minimum DCI size targeting a reduction of 10~16 bits relative to Rel-15 DCI format 0_0/1_0 and a maximum DCI size that can be larger than Rel-15 DCI format 0_0/1_0, and provide the possibility to align with the size of the DCI format 0_0/1_0 (including possible zero padding if any) 
· Increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for at least one SCS subject to restrictions including, but not necessary limited to, those identified in TR 38.824. Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) can be further considered.

Regarding the abovementioned enhancements, during the SI phase, RAN1 reached the following agreements in meeting AH1901 and 96:
Agreements:
· For the DCI format scheduling Rel-16 NR URLLC:
· Support potential reduction of the number of bits for at least one of the following fields compared to Rel-15 DCI 
· Frequency domain resource assignment
· Time domain resource assignment
· Modulation and coding scheme
· HARQ process number
· Redundancy version 
· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator
· Downlink assignment index
· Note: Reduction of other fields are not precluded 
· Note: The DCI format may be impacted by other objectives in this study item and/or the following work item, e.g. PDCCH repetition mechanism and/or UCI enhancement, or may be impacted by objectives in other study item and/or work item, e.g. multi-TRP transmission from Rel-16 work item.  




Agreements:
· Support increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for Rel-16 NR URLLC for at least one SCS subject to the following restrictions:
· Explicit limitation on the maximum number of BDs/non-overlapping CCEs per monitoring occasion and/or per monitoring span, and
· The set of applicable SCS(s) to be finalized during the WI phase
· Additional restrictions (e.g., impact # of CCs if any, potential limitations on PDSCH/PUSCH processing, impact of wideband RS for CCE counting if any, etc.) can be considered during the WI phase 

Agreements:
· Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) for Rel-16 NR URLLC can be further considered in work item phase.

Agreements:
· For the DCI format(s) (may or may not be new format, to be finalized in the WI phase) scheduling Rel-16 NR URLLC” 
· Support configurable sizes for some fields, while  
· The maximum DCI size can be larger than Rel-15 fallback DCI
· The minimum DCI size target a reduction of 10~16 bits less than the DCI format size of Rel-15 fallback DCI
· Provide the possibility to align with the size of the Rel-15 fallback DCI (including possible zero padding if any)
· Support at least one of the following configurable fields – the set of configurable field(s) including bitwidth to be finalized during the WI phase (which may further depend on DL vs. UL assignments):
· Antenna port(s) [0~2 bits]
· Transmission configuration indication [0~3 bits]
· Rate matching indicator [0~2 bits]
· SRS request [0~3 bits] 
· PRB bundling size indicator [0~1 bit]
· Carrier indicator [0~3 bits]
· CSI request [0~3 bit]
· ZP CSI-RS triggering [0~2 bits] 
· Beta offset indicator [0~2 bits]
· SRS resource indicator [0~4 bits]
· Repetition factor [0~2 bits]
· Priority indication [0~3 bits]
· Note: Other field(s) can be considered if needed 
· Note: This doesn’t imply the necessity to increase the DCI size budget (i.e. “3 +1”) compared to Rel-15

Further, in RAN1 #96b, the following agreements were made:
Agreements:
· Support configurable number of bits for the following fields for DL DCI format scheduling Rel-16 URLLC.
· Carrier indicator (0 bit or at least one non-zero bit)
· PRB bundling size indicator (0 or 1 bit)
· Rate matching indicator (0, 1 or 2 bits)
· ZP CSI-RS trigger (0, 1 or 2 bits)


Agreements:
The following fields from Rel-15 DCI format 1_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the DL DCI format scheduling Rel-16 URLLC. 
· Modulation and coding scheme for TB 2
· New data indicator for TB 2
· Redundancy version for TB 2
· CBG transmission information 
· CBG flushing information 

Agreements:
· Keep the following two fields without any change from Rel-15 DCI in DCI format scheduling Rel-16 URLLC:
· Identifier for DCI formats (1 bit) (when applicable)
· New data indicator (1 bit)

Agreements:
· The following field from Rel-15 DCI format 0_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the UL DCI format scheduling Rel-16 URLLC: 
· CBG transmission information 

Finally, in RAN1 #97, the following agreements were made:
Agreements:
· Support configurable TDRA table as in Rel-15 DCI format 1_1 (i.e. 0, 1, 2, 3 or 4 bits for time domain resource assignment) for the DL DCI format scheduling Rel-16 URLLC

Agreements:
· Support at least resource allocation type 1 for frequency domain resource assignment for the DCI format scheduling Rel-16 DL URLLC with one of the following modifications compared to Rel-15: 
· Option 1: a single configurable scheduling granularity applicable for both the starting point and length indication
· Alt.1: The scheduling granularity reuses the RBG sizes for RA 0 and can be configured between configuration 1 and 2 as in Rel-15
· Alt. 2: A new RRC parameter to configure the scheduling granularity  
· Option 2: Separate configurable starting point granularity and length indication granularity 

Agreements:
· Take the following framework as the working assumption for defining the limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span: 
· PDCCH monitoring span follows the definition in UE feature 3-5b as a starting point  
· FFS whether any modification needed  

Agreements:
· The per-CC limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span for a certain combination (X, Y, ) is C
· FFS aspects related to UE capability
· FFS the limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is same or different across different spans within a slot 
· Example of combinations as shown in the following table:
[image: ]
· FFS the value of C
· Companies are encouraged to report the potential aspects that have impact on the value of C 
· FFS interaction with Rel-15-based limitation, e.g., whether to increase the limit for PDCCH monitoring case 1 under the increased PDCCH monitoring capability on the maximum number of non-overlapped CCEs per slot for channel estimation  

Then, in RAN1 #98, the following agreements were achieved:
Agreements:
· Introduce one new DCI format for DL scheduling and one new DCI format for UL scheduling with configurable sizes for some fields in Rel-16.

Agreements:
· Support (2, 2) (4, 3) (7, 3) defined in UE feature 3-5b as the combination (X, Y) for Rel-16 PDCCH monitoring capability on the per-CC limit on the maximum number of non-overlapping CCEs   for URLLC.    
· Combination (2, 1) (4, 1) (4, 2) (7, 1) (7, 2) are not additionally introduced
· FFS (3, 3) or (3,2) 
· UE reports the supported combinations per SCS 
· (2, 2)(4, 3)(7, 3) applicable for 15 kHz and 30 kHz
· FFS for 60 kHz and 120 kHz

Agreements:
· 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
Agreements:
· If UE reports the support of more than one combination of C(X, Y) for a given SCS, and if multiple combinations of C(X, Y) are valid for the span pattern, the maximum value of C of the valid combinations is applied.  
· A combination C(X, Y) is valid if the span pattern satisfies X and Y of the given combination in every slot, including cross slot boundary
· FFS the impact from empty span(s) on the span pattern
Agreements:
· Support separate configurable number of bits (2 or 3 or 4 bits) for “HARQ process number” for new DCI formats for scheduling DL and UL
· FFS 0 or 1 bits

Finally, in RAN1 #98b, the bitwidth for many of the information fields were decided as follows:
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
In this paper, we share our views on the following aspects for improving PDCCH reliability and efficiency for URLLC:
· New DCI design for eURLLC including the possible size of information fields and the addition of the new fields.
· Details of URLLC PDCCH monitoring capability, limitaions and configurations 
New DCI for eURLLC Scheduling 
In this section, we share our view on the design of the DCI format for eURLLC scheduling.
eURLLC DL scheduling DCI
· DL resource allocation
The support of resource allocation type-1 with configurable starting point and length granularity was agreed before. The remaining issue here is whether the type-0 resource allocation is needed or not. For eURLLC scheduling, resource allocation Type 0 may not be needed. This is because, with the same RB bundle size, Type 1 allocation may consume less signaling overhead compared with  type 0 allocation. Further, with VRB-to-PRB interleaving, even under type-1 resource allocation, the resources can be distributed in the physical domain.  
Proposal 1: For DL URLLC scheduling, resource allocation type 0 is not supported. With VRB-to-PRB interleaving, and allocation type 1, the URLLC scheduling is sufficiently flexible.
· Time-domain resource allocation
For URLLC scheduling DCI, the time-domain PDSCH/PUSCH resource allocation field may be interpreted differently from that of the Rel-15 fallback DCI. Given the difference in the traffic type between URLLC and eMBB, it may be beneficial to configure a separate time-domain resource allocation table for eURLLC. In fact, considering the type-1 codebook design, and the possibility for a UE to support both URLLC and eMBB, this becomes essential.
Proposal 2: Configure a separate TDRA table for eMBB vs. URLLC scheduling for a UE that supports multiple services.

The following fields could be reused in the Rel-16 eURLLC DL DCI without change from the Rel-15 DL fallback DCI:
· Modulation and coding scheme (MCS)

Proposal 3: The bitwidth of the MCS is kept the same as in Rel. 15 in both the new UL and DL DCI scheduling URLLC.
Besides the fields that are present in the Rel-15 fallback DCI, the following fields may be added to the eURLLC DL scheduling DCI to ensure scheduling flexibility or to enable enhanced functionalities. 

· Physical-layer priority indicator
For UEs that support services with different requirements, physical layer differentiation is needed to let the UE be aware of the priority level of each of the physical layer channels. As agreed before, the priority of the PUCCH carrying HARQ-ACK is indicated by the HARQ-ACK codebook indication. A bit in the DCI can be used for this purpose.  

Proposal 4: For indicating the priority of PUCCH carrying HARQ-ACK, as well as the HARQ-ACK codebook indication, a bit field can be added to the DL DCI. 

eURLLC UL scheduling DCI
Same as for the new DL DCI format, the bitwidth of the MCS in the new UL DCI format should remain unchanged as compared to Rel. 15. 
Proposal 5: The bitwidth of the MCS field is set to 5 bits in the new UL DCI format.
The following field in the Rel-15 UL fallback DCI may be redesigned for UL eURLLC scheduling:
· Time-domain resource allocation and frequency hopping indicator
It is reasonable to leave this field configurable by the gNB. However, the detailed design of the TDRA field in the eURLLC DCI may depend on the outcome of the PUSCH enhancement that is currently under discussion in RAN1. Similalry, the bitwidth for frequency hopping indicator can be specified after the PUSCH enhancements for UL URLLC are progressed more.
Proposal 6: RAN1 should discuss the bitwidth of TDRA and frequency hopping indicator for a DCI scheduling UL URLLC after PUSCH enhancement discussions are progressed more. 
· Waveform indicator
For uplink URLLC transmission, it is beneficial to allow the UE to dynamically switch the waveform between CP-OFDM  and DFT-s-OFDM. Semi-static waveform configuration might be too slow for URLLC.

Proposal 7: For UL URLLC scheduling, introduce a 1-bit waveform indicator field to dynamically switch between the CP-OFDM and DFT-s-OFDM waveforms. 
Enhancing the PDCCH Monitoring Capability
In RAN1 #98b, two approaches for supporting an enhanced PDCCH monitoring capability were discussed. In this section, we discuss how adopting Option 1 would allow for increasing the number of CCEs and also BDs per slot as compared to Rel. 15 NR limits, relaxing the DCI size budget per slot, solving the issue of non-uniform number of CCEs/BDs per span due to configuring the CSS, removing the need for defining the CCE/BD overbooking and dropping per span, and solving the issue of dealing with “empty” spans for URLLC scheduling. 
CA Framework for URLLC PDCCH Monitoring Capability
Under Option 1, the gNB can configure the UE that supports multiple services with different PDCCH monitoring configurations, each of which is suitable for one the services. As an example, if the UE reports that it supports PDCCH monitoring capability of 3-1 for monitoring Rel. 15 DCI formats, and the new enhanced PDCCH monitoring capability for monitoring Rel. 16 DCI fomats, then, the gNB can configure the UE separately, but simultaneously, with both. The CCE/BD limits of the former configuration is still based on the limits defined in Rel. 15, e.g., 44 BDs and 36 CCEs can be configured at the beginning of each slot without resuing any of them for URLLC scheduling. Hence, the gNB can completely retain its flexibility for scheduling eMBB. In addition, the gNB can configure the UE with CORESETs/search space configurations that are defined based on the new PDCCH monitoring capability. The UE will support additional number CCEs in the spans defined in Rel. 16. As a result, the UE capability does not enforce any limitation on the scheduler. Unlike Option 1, Option 2 reduces the gNB flexibility in scheduling eMBB as compared to Rel. 15; this is because due to the per-span limit, not all CCEs/BDs can be placed in one span. 
Observation 1: Specifying the enhanced PDCCH monitoring capability based on Option 1 allows for increasing the number of CCEs per slot. Hence, not only the gNB can schedule URLLC efficiently, but also it retains its full flexibility to schedule eMBB. 
Observation 2: By enforcing the per-span CCE/BD limit, Option 2 reduces the gNB’s flexibility in scheduling eMBB, which most likely scheduled on a once-per-slot basis.
Another important aspect to consider is that whether CCE/BD overbooking is required for URLLC schdueling? In terms of both the implenetation as well as the specification efforts, it is critical to ensure that overbooking is not required for the new ehnaced PDCCH monitoring configurations. Since the CCE, and possibly the BD, limits are defined on a per-span limit, if overbooking is not avoided, the UE is required to perform CCE/BD counting and dropping multiple times per slot. To enable this feature, the overbooking and dropping rules need to be revisited. In addition, the new rules should guarantee that the UE implementation complexity is not increased. Hence, it is desirable to avoid CCE/BD overbooking for scheduling a UE with the Rel. 16 DL/UL DCI formats. 
The CCE/BD overbooking can easily be avoided by adopting Option 1. First, it should be note that in Rel. 15 NR, overbooking is only performed on the Pcell, and not allowed on the Scells; this is because the UE only monitors CSS on the Pcell. Further, under Option 1, the PDCCH monitoring configuration of eMBB and URLLC can be made separated, i.e., there is no dependency between the two. Hence, considering these two aspects, similar to the rationale used in Rel. 15 NR for overbooking on the Scells, there is no need for CCE/BD overbooking and dropping for URLLC.
Observation 3: Given the per-span CCE/BD limit of the enhanced PDCCH monitoring capability, in terms of both the UE implementation complexities and specification efforts, CCE/BD overbooking should be avoided for scheduling a UE with the Rel. 16 DCI formats. This task can be accomplished by separating the PDCCH monitoring capabilities and configurations according to Option 1.
Proposal 8: The CCE/BD overbooking is only performed on the Pcell and for the PDCCH configurations that are based on the Rel. 15 UE capability. For the PDCCH configurations that are based on the enhanced PDCCH monitoring capability, overbooking is not supported. In other words CSS sets are not configured for the enhanced PDCCH monitoring capability.
When a UE is configured with two different minimum processing time capabilities on a given carrier, in order to realize the benefits of Option 1, the PDCCH configurations for monitoring the Rel. 15 and Rel. 16 DCI formats should be made differentiable. This can be done in one of two ways: (1) They are differentiable before decoding the DCI, and (2) They are differentiable only after decoding the DCI. The first approach can, for example, be adopted by considering different CORESETs for scheduling PUSCH/PDSCH with capability #1 and #2. 
Cosndering the discussions in this section, we propose that:
Proposal 9: In Rel. 16, Option 1 that allows for separate PDCCH monitoring capability signaling and configuration for scheduling a UE with Rel. 15 and Rel. 16 DCI formats should be adopted. 
Proposal 10: Under Option 1, the configuration of PDCCH monitoring occasions for monitoring Rel. 15 and Rel. 16 DCI formats are separated by using different CORESETs in case a UE is configured with two minimum processing time capabilities on the same carrier.
In addition, in order to balance the UE complexity, the pdcch-BlindDetectionCA can be reported by the UE separately for eMBB and URLLC scheduling. Given the per-slot per-CC BD limit, this means that the UE indicates the total number of BDs that case be used across all carriers for eMBB and URLLC scheduling separately. The capabilities can be reported such that the sum of the minimum values is not larger than 4. 
Proposal 11: The BD limits are defined separately for scheduling a UE based on the Rel. 15 and Rel. 16 DCI formats. To schedule the UE with a Rel. 15 DCI formats, the per-slot limits of Rel. 15 are kept unchanged. 
Proposal 12: The PDCCH BD capability of a UE, i.e., pdcch-BlindDetectionCA, is reported separately for monitoring the Rel. 15 and Rel. 16 DCI formats. When the UE reports the PDCCH BD capability across a number of aggregated carriers, the sum of the minimum values could be 4.
In addition, the same as the limit on the number of CCEs agreed for Rel. 16, the number of BDs per span should be limited.
Proposal 13: For scheduling a UE with a Rel. 16 DCI format, the number of BDs per span is limited. 
Regarding the (X,Y) combinations for the new PDCCH monitoring capability, one of the two identified pairs, i.e., (3,2) or (3,3), can be supported to allow for four spans per slot. This will match with the 4TB per span capability. In our view, one of the two can be supported, but (3,3) is more preferred.
Proposal 14: For the Rel. 16 PDCCH monitoring capability, and under Option 1, (X,Y) = (3,3) can be supported.
Finally, at least for a UE that supports different minimum processing times on a carrier by reusing the CA framework, increasing the number of non-overlapping CCEs by a factor of 2 is possible. As an example, with SCS = 30KHz, 56 non-overlapping CCEs can be used to configure a UE with a Rel. 15 PDCCH monitoring capability and another 56 non-overlapping CCEs can be used to configure a UE with a Rel. 16 PDCCH monitoring. 
Proposal 15: The number of non-overlapping CCEs per slot can be increased by a factor of 2 for each SCS as compared to Rel. 15 NR. 
Conclusion
In this contribution, we have shared our view on the design of DCI format and enhanced PDCCH monitoring for eURLLC in Rel-16. To this end, we have made the following proposals.
Proposal 1: For DL URLLC scheduling, resource allocation type 0 is not supported. With VRB-to-PRB interleaving, and allocation type 1, the URLLC scheduling is sufficiently flexible.
Proposal 2: Configure a separate TDRA table for eMBB vs. URLLC scheduling for a UE that supports multiple services.
Proposal 3: The bitwidth of the MCS is kept the same as in Rel. 15 in both the new UL and DL DCI scheduling URLLC.
Proposal 4: For indicating the priority of PUCCH carrying HARQ-ACK, as well as the HARQ-ACK codebook indication, a bit field can be added to the DL DCI. 
Proposal 5: The bitwidth of the MCS field is set to 5 bits in the new UL DCI format.
Proposal 6: RAN1 should discuss the bitwidth of TDRA and frequency hopping indicator for a DCI scheduling UL URLLC after PUSCH enhancement discussions are progressed more. 
Proposal 7: For UL URLLC scheduling, introduce a 1-bit waveform indicator field to dynamically switch between the CP-OFDM and DFT-s-OFDM waveforms. 
Observation 1: Specifying the enhanced PDCCH monitoring capability based on Option 1 allows for increasing the number of CCEs per slot. Hence, not only the gNB can schedule URLLC efficiently, but also it retains its full flexibility to schedule eMBB. 
Observation 2: By enforcing the per-span CCE/BD limit, Option 2 reduces the gNB’s flexibility in scheduling eMBB, which most likely scheduled on a once-per-slot basis.
Observation 3: Given the per-span CCE/BD limit of the enhanced PDCCH monitoring capability, in terms of both the UE implementation complexities and specification efforts, CCE/BD overbooking should be avoided for scheduling a UE with the Rel. 16 DCI formats. This task can be accomplished by separating the PDCCH monitoring capabilities and configurations according to Option 1.
Proposal 8: The CCE/BD overbooking is only performed on the Pcell and for the PDCCH configurations that are based on the Rel. 15 UE capability. For the PDCCH configurations that are based on the enhanced PDCCH monitoring capability, overbooking is not supported. In other words CSS sets are not configured for the enhanced PDCCH monitoring capability.
Proposal 9: In Rel. 16, Option 1 that allows for separate PDCCH monitoring capability signaling and configuration for scheduling a UE with Rel. 15 and Rel. 16 DCI formats should be adopted. 
Proposal 10: Under Option 1, the configuration of PDCCH monitoring occasions for monitoring Rel. 15 and Rel. 16 DCI formats are separated by using different CORESETs in case a UE is configured with two minimum processing time capabilities on the same carrier.
Proposal 11: The BD limits are defined separately for scheduling a UE based on the Rel. 15 and Rel. 16 DCI formats. To schedule the UE with a Rel. 15 DCI formats, the per-slot limits of Rel. 15 are kept unchanged. 
Proposal 12: The PDCCH BD capability of a UE, i.e., pdcch-BlindDetectionCA, is reported separately for monitoring the Rel. 15 and Rel. 16 DCI formats. When the UE reports the PDCCH BD capability across a number of aggregated carriers, the sum of the minimum values could be 4.
Proposal 13: For scheduling a UE with a Rel. 16 DCI format, the number of BDs per span is limited. 
Proposal 14: For the Rel. 16 PDCCH monitoring capability, and under Option 1, (X,Y) = (3,3) can be supported.
Proposal 15: The number of non-overlapping CCEs per slot can be increased by a factor of 2 for each SCS as compared to Rel. 15 NR. 
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