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Introduction
This contribution focuses on open issues on the DL control signaling design for the completion of the URLLC specifications considering the guidance and the limitations of the e-meeting. 


Remaining issues on DL control for URLLC
One WA from RAN1#99 is the following.

Working assumption:
When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)

It is proposed to confirm the WA with some modifications. One modification relates to the last sentence of the WA where MSBs with 0 value are added. It is unnecessary for the MSBs to have 0 value as then they are useless. Therefore, the last sentence can be deleted. 

Another change relates to having the WA “at least for the case when only one of the two DCI formats is configured to be monitored by the UE”. The WA should also apply for the case the both DCI format are configured to be monitored by the UE. Otherwise, there will be problems when, for a same HARQ-ACK codebook/priority type, the UE detects a first DCI format having a first range of values for the above field and then detects a second DCI format having a second range of values for the above fields. For example, the pseudo-code for Type-2 HARQ-ACK codebook in the current specifications may need to be revised to account for the counter DAI field switching between 1 bit and 2 bits. The PUCCH resource indicator also needs to have same size.

Proposal 1: Confirm the WA with the following indicated modifications/deletions.

Working assumption:
When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)
· PUCCH resource indicator


Additionally, for the same reasons, the above WA should also apply when both Rel-15 and Rel-16 DCI formats can be used to schedule same priority traffic. 

Proposal 2: When a UE is configured search space sets with DCI format 1_0 and/or with DCI format 1_1 and with DCI format 1_2 for scheduling same priority traffic, the bit width of the following fields is the maximum of the bit widths for the DCI formats. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)
· PUCCH resource indicator


PDCCH monitoring capability for Rel-16 was discussed under the URLLC WI while multi-TRP operation per cell was discussed under the MIMO WI. As a result, PDCCH monitoring capability for Rel-16 does not address multi-TRP operation. The following text from [1] can be updated as follows (note that , , and  are defined in a previous paragraph). Also, to simplify subsequent description/notation for the number of PDCCH candidates and the number of non-overlapping CCEs (avoid duplicated text),  can be denoted as  and  or  can be denoted as .

	If a UE can support with slot-based PDCCH monitoring
-	a first set of  serving cells where the UE is either not provided CORESETPoolIndex or is provided CORESETPoolIndex with a single value for all CORESETs on all DL BWPs of each serving cell from the first set of  serving cells, and
 -	a second set of  serving cells where the UE is either not provided CORESETPoolIndex or is provided CORESETPoolIndex with a value 0 for a first CORESET and is provided CORESETPoolIndex with a value 1 for a second CORESET on any DL BWP of each serving cell from the second set of  serving cells
the UE determines, for the purpose of reporting pdcch-BlindDetectionCA or pdcch-BlindDetectionCA-r15, a number of serving cells as  where  is either a value reported by the UE or  if the UE does not report a value of R. 
If a UE can support with span-based PDCCH monitoring
-	a first set of  serving cells where the UE is either not provided CORESETPoolIndex or is provided CORESETPoolIndex with a single value for all CORESETs on all DL BWPs of each serving cell from the first set of  serving cells, and
 -	a second set of  serving cells where the UE is either not provided CORESETPoolIndex or is provided CORESETPoolIndex with a value 0 for a first CORESET and is provided CORESETPoolIndex with a value 1 for a second CORESET on any DL BWP of each serving cell from the second set of  serving cells
the UE determines, for the purpose of reporting pdcch-BlindDetectionCA-r16, a number of serving cells as  where  is either a value reported by the UE or  if the UE does not report a value of . 
[ …]
If a UE indicates in UE-NR-Capability-r16 a carrier aggregation capability larger than X downlink cells, the UE includes in UE-NR-Capability-r16 an indication for a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs that the UE can monitor per span when the UE is configured for carrier aggregation operation over more than X downlink cells. When a UE is not configured for NR-DC operation and the UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for all downlink cells where the UE monitors PDCCH, the UE determines a capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per span that corresponds to  downlink cells, where
-	 is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r16, 
-	otherwise,  is equal to the value of pdcch-BlindDetectionCA-r16 
If a UE indicates in UE-NR-Capability-r15 or in UE-NR-Capability-r16 a carrier aggregation capability larger than Y downlink cells or larger than Z downlink cells, respectively, the UE includes in UE-NR-Capability-r15 or in UE-NR-Capability-r16 an indication for a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs the UE can monitor for downlink cells with PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability or for downlink cells with PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability when the UE is configured for carrier aggregation operation over more than Y downlink cells or over more than Z downlink cells, respectively, and with at least one downlink cell from the Y downlink cells and at least one downlink cell from the Z downlink cells. When a UE is not configured for NR-DC operation, the UE determines a capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per slot or per span that corresponds to  downlink cells or to  downlink cells, respectively, where
-	 is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r15 
-	otherwise,  is equal to the value of pdcch-BlindDetectionCA-r15
and
-	the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r16
-	otherwise,  is equal to the value of pdcch-BlindDetectionCA-r16



Proposal 3: Extend description for PDCCH monitoring by a UE when the UE is configured to monitor PDCCH in CORESETs with different indexes to span-based and mixture of slot-based and span-based PDCCH monitoring. 


Allocation of PDCCH candidates under the Rel-16 framework should also be extended for NR DC operation by extending the Rel-15 framework. However, RRC parameters corresponding to the Rel-15 ones of pdcch-BlindDetection for the MCG, pdcch-BlindDetection for the SCG, pdcch-BlindDetectionMCG-UE, and pdcch-BlindDetectionSCG-UE have not been defined for the cases that the UE reports UE-NR-Capability-r15 and/or UE-NR-Capability-r16.

Proposal 4: Define RRC parameters for PDCCH monitoring under the Rel-16 framework in NR DC operation.


For PDCCH monitoring, the following was agreed in RAN1#98bis

	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



The above is reflected in the specifications [1] as follows

	If the UE indicates a capability to monitor PDCCH according to multiple span patterns and a configuration of search space sets to the UE for PDCCH monitoring on a cell results to a separation of two PDCCH monitoring occasions in two respective consecutive span patterns that is equal to or larger than the value of  for two or more of the multiple span patterns, the UE is expected to monitor PDCCH on the cell according to the span pattern associated with the largest maximum number of .



However, there are no agreements or specification support for the number of PDCCH candidates or for:
a) If a UE reports the support of more than one combination of C(X, Y) for a given SCS, and if only a single combinations of C(X, Y) is valid for the span pattern 
b) If a UE reports the support of one or more combinations of C(X, Y) for a given SCS and no combination of C(X, Y) is valid for the span pattern

The latter case above can be viewed as a gNB misconfiguration and no corresponding specification text is necessary (including text such as “A UE does not expect …”). The former case should be captured as otherwise the specifications are incomplete. The maximum number of PDCCH candidates does not strictly need to be captured as there is no case where the span pattern with the maximum number of  does not include the maximum number of  and such text may be omitted to avoid future potential cases where that condition may not hold.

Proposal 5: Update TS 38.213 v16.0.0 as follows to complete the specifications regarding the combination of C(X, Y) that a UE determines for monitoring PDCCH.

	If the UE indicates a capability to monitor PDCCH according to multiple span patterns and a configuration of search space sets to the UE for PDCCH monitoring on a cell results to a separation of two PDCCH monitoring occasions in two respective consecutive span patterns that is equal to or larger than the value of  for two or more of the multiple span patterns, the UE is expected to monitor PDCCH on the cell according to the span pattern associated with the largest maximum number of . 
If the UE indicates a capability to monitor PDCCH according to multiple span patterns and a configuration of search space sets to the UE for PDCCH monitoring on a cell results to a separation of two PDCCH monitoring occasions in two respective consecutive span patterns that is equal to or larger than the value of  for only one span pattern from the multiple span patterns, the UE is expected to monitor PDCCH on the cell according to the one span pattern.




Another pending issue is the determination for the number of PDCCH candidates and the number of non-overlapped CCEs when a UE is configured for span-based PDCCH monitoring on all DL cells, or for a mixture of slot-based PDCCH monitoring in a first subset of DL cells and span-based PDCCH monitoring in a second subset of DL cells. Considering that a UE configured to monitor PDCCH for multiple spans on the active DL BWP of a cell determines a total number of PDCCH candidates or a total number of non-overlapped CCEs for PDCCH monitoring over the DL BWP of the cell according to the smallest of the spans (when more than one applicable spans), then the UE is not required to monitor more than a total of    PDCCH candidates and more than a total of     non-overlapped CCEs per PDCCH monitoring span of  symbols on the  cells. 

Proposal 6: Capture the following in TS 38.213 for the number of PDCCH candidates and the number of non-overlapped CCEs when a UE is configured to monitor PDCCH over combinations C(X, Y) on respective cells.

	For determining a number of PDCCH candidates
If a UE is configured with slot-based PDCCH monitoring for  downlink cells with active DL BWPs using SCS configuration [image: ], where , a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, and the UE is not required to monitor more than   PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells. 
If a UE is configured with span-based PDCCH monitoring and determines span pattern (X,Y) for PDCCH monitoring on  downlink cells with active DL BWPs using SCS configuration , where , a DL BWP of an activated cell is the active DL BWP of the activated cell, a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, and the UE is not required to monitor more than   PDCCH candidates or more than   non-overlapped CCEs per span on the active DL BWP(s) of scheduling cell(s) from the  downlink cells.  



[bookmark: _GoBack]There are additional descriptions that are currently limited only to slot-based PDCCH monitoring that can be extended to span-based PDCCH monitoring, such as for example the search space set dropping (the Rel-15 description works regardless of whether or not there is PDCCH monitoring according to a CSS in a span). Corresponding text is not provided from brevity as it is straightforward based on text for slot-based monitoring. 

For the pdcch-BlindDetectionCA-r16 and for the sum of pdcch-BlindDetectionCA-r15 and pdcch-BlindDetectionCA-r16, the value can be reported as in Rel-15 when the UE is configured with CA over 4 cells. Finally, Table 1 provides suggested values for a number of PDCCH candidates for supported values of (X,Y) and Table 2 provides suggested values for a number of non-overlapping CCEs (values have been agreed for (X, Y) = (7, 3)).

Table 1: Maximum number  of monitored PDCCH candidates in a span of a span pattern (X, Y) for a DL BWP with SCS configuration  for a single serving cell

	
	Maximum number  of monitored PDCCH candidates per span pattern  and per serving cell 

	
	(2, 2)
	(4, 3)
	(7, 3)

	0
	12
	28
	44

	1
	10
	24
	36



Table 10.1-3A: Maximum number  of non-overlapped CCEs in a span of a span pattern (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of non-overlapped CCEs per span pattern  and per serving cell 

	
	(2, 2)
	(4, 3)
	(7, 3)

	0
	48
	56
	56

	1
	48
	56
	56




Conclusions
This contribution considered open issues related to DL control signaling for Rel-16 URLLC and proposes the following.

Proposal 1: Confirm the WA with the following indicated modifications/deletions.

Working assumption:
When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)
· PUCCH resource indicator


Proposal 2: When a UE is configured search space sets with DCI format 1_0 and/or with DCI format 1_1 and with DCI format 1_2 for scheduling same priority traffic, the bit width of the following fields is the maximum of the bit widths for the DCI formats. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)
· PUCCH resource indicator

Proposal 3: Extend description for PDCCH monitoring by a UE when the UE is configured to monitor PDCCH in CORESETs with different indexes to span-based and mixture of slot-based and span-based PDCCH monitoring. 

Proposal 4: Define RRC parameters for PDCCH monitoring under the Rel-16 framework in NR DC operation.

Proposal 5: Update TS 38.213 v16.0.0 as follows to complete the specifications regarding the combination of C(X, Y) that a UE determines for monitoring PDCCH.

	If the UE indicates a capability to monitor PDCCH according to multiple span patterns and a configuration of search space sets to the UE for PDCCH monitoring on a cell results to a separation of two PDCCH monitoring occasions in two respective consecutive span patterns that is equal to or larger than the value of  for two or more of the multiple span patterns, the UE is expected to monitor PDCCH on the cell according to the span pattern associated with the largest maximum number of . 
If the UE indicates a capability to monitor PDCCH according to multiple span patterns and a configuration of search space sets to the UE for PDCCH monitoring on a cell results to a separation of two PDCCH monitoring occasions in two respective consecutive span patterns that is equal to or larger than the value of  for only one span pattern from the multiple span patterns, the UE is expected to monitor PDCCH on the cell according to the one span pattern.




Proposal 6: Capture the text in section 2 for the number of PDCCH candidates and the number of non-overlapped CCEs when a UE is configured to monitor PDCCH over combinations C(X, Y) on respective cells.
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