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Introduction
In RAN#83 meeting, enhancement for NR eURLLC as Rel-16 work item (Rel-16 URLLC) [1] approved that includes following detailed objectives for 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.
In this contribution, we discuss some remaining issues on PDCCH enhancements.
[bookmark: OLE_LINK1]Discussions
Issue 1: CBG configuration for DCI format 0_1 for PUSCH
Description about CBG transmission configuration for DCI format 0_1 in TS 38.212 V16.0.0 has been captured as below.
	TS 38.212 V16.0.0 (2019-12)
[bookmark: _Toc19798776][bookmark: _Toc26467247][bookmark: _Toc29326608][bookmark: _Toc29327758]7.3.1.1.2	Format 0_1
-	CBG transmission information (CBGTI) – 0 bit if higher layer parameter codeBlockGroupTransmission for PUSCH is not configured or if the number of scheduled PUSCH indicated by the Time domain resource assignment field is larger than 1; otherwise, 2, 4, 6, or 8 bits determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for PUSCH. 
[When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the CBG transmission information in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the CBG transmission information in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller CBG transmission information until the bit width of the CBG transmission information in DCI format 0_1 for the two HARQ-ACK codebooks are the same.]



The text in bracket above implies that there is a necessarily to align with the bit width of the CBGTI for  DCI format 0_1 when two HARQ-ACK codebooks are simultaneously constructed. According to L1 parameters URLLC spreadsheet after RAN1#99 (R1-1913674 [3]), new higher layer parameter PDSCH-CodeblockGroupTransmission-List (see Row#41 in R1-1913674 [3]) includes (1 or 2) of PDSCH-CodeblockGroupTransmission, each of which corresponds to respective HARQ-ACK codebook when two HARQ-ACK codebooks are simultaneously constructed. However, the bit width of the CBG transmission information in DCI format 0_1 is determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock in PUSCH-CodeblockGroupTransmission for PUSCH. Note that there are no new Release 16 RRC parameters for CBG transmission configuration for PUSCH in the L1 parameters URLLC spreadsheet (R1-1913674 [3]). Therefore, the above text in the bracket seems to be not necessary and should be removed. If there is an intention to introduce different CBG transmission configurations in accordance with the two level PUSCH priority for DCI format 0_1, new Release 16 RRC parameter for CBG transmission configuration for PUSCH should be firstly introduced. Given there is no new Release 16 RRC parameter for CBG transmission configuration for PUSCH, the text with bracket above for CBGTI of DCI format 0_1 should be removed. 
Proposal 1: Adopt the following TP1, given no new Release 16 RRC parameters for CBG transmission configuration for PUSCH is introduced.
	TP1
TS 38.212 V16.0.0 (2019-12)
7.3.1.1.2	Format 0_1
< Unchanged parts are omitted >
-	CBG transmission information (CBGTI) – 0 bit if higher layer parameter codeBlockGroupTransmission for PUSCH is not configured or if the number of scheduled PUSCH indicated by the Time domain resource assignment field is larger than 1; otherwise, 2, 4, 6, or 8 bits determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for PUSCH. 
[When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the CBG transmission information in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the CBG transmission information in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller CBG transmission information until the bit width of the CBG transmission information in DCI format 0_1 for the two HARQ-ACK codebooks are the same.]
< Unchanged parts are omitted >



Issue 2: Span pattern and (X, Y)
Description or definition for span pattern and (X, Y) in TS 38.213 V16.0.0 [4] has been captured as below. 
	TS 38.213 V16.0.0 (2019-12)
[bookmark: _Toc12021485][bookmark: _Toc20311597][bookmark: _Toc26719422][bookmark: _Toc29894857][bookmark: _Toc29899156][bookmark: _Toc29899574]10	UE procedure for receiving control information
A span pattern is a time configuration within a slot and per slot for PDCCH monitoring on an active DL BWP of a serving cell. A span pattern is defined by a pair of numbers of symbols  with .  is a minimum number of consecutive symbols between first symbols of two PDCCH monitoring occasions in two respective consecutive span patterns and defines a span, and  is a number of consecutive symbols for PDCCH monitoring occasions within the  symbols, starting from the first symbol of the  symbols, and defines a span gap.


According to the above description of the span pattern and (X, Y), it seems that the span pattern in the 38.213 is equivalent to the UE reported combination (X, Y). Agreements as below reached in RAN1#97 has shown that UE feature 3-5b should be taken into considered as a starting point when discussing the PDCCH monitoring span. The span pattern and (X, Y) has been described above in TS 38.213 V16.0.0 [4] against the understanding of the span pattern and (X, Y) upon which the relevant agreements has been reached.  
According to the 3-5b, a span pattern should be deterministic according to the multiple UE reported combinations (X, Y) and CORESET/search space set configuration. It thus should be better to decouple the span pattern from the UE reported combination (X, Y). The description in UE feature 3-5b helps to illustrate the span pattern and the combination (X, Y) and should be captured for describing the span pattern and the (X, Y) in the TS38.213. 
Moreover, the above description related to (X, Y) as like X defines a span and the Y defines a span gap seems to be not align the original intention of the combination (X, Y). The description for pdcch-MonitoringAnyOccasionsWithSpanGap in TS 38.306 can be used to refine the description of the combination (X, Y). 
A TP2 below is to correct the description of the span pattern and the UE reported combination (X, Y). 
	Agreements in RAN1#97:
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 in RAN1#98:
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



Proposal 2: Adopt the TP2 to correct the description for span pattern and UE reported combination (X, Y) in section 10 and 10.1 in the TS 38.213. 
	TP2
TS 38.213 V16.0.0 (2019-12)
10	UE procedure for receiving control information
< Unchanged parts are omitted >
A span pattern is a time configuration within a slot and repeats per slot for PDCCH monitoring on an active DL BWP of a serving cell. A span pattern is defined by a pair of numbers of symbols with .  reported by the UE indicates that the UE supports PDCCH monitoring occasions in any symbol of the slot with minimum time separation between two consecutive transmissions of PDCCH with span up to  consecutive OFDM symbols for  OFDM symbols.  is a minimum number of consecutive symbols between first symbols of two PDCCH monitoring occasions in two respective consecutive span patterns and defines a span, and  is a number of consecutive symbols for PDCCH monitoring occasions within the  symbols, starting from the first symbol of the  symbols, and defines a span gap.A span pattern is determined according to a generated bitmap  with  where  if symbols  of any slot is part of a PDCCH monitoring occasion, otherwise. The first span in the span pattern begins at the smallest  for which . The next span in the span pattern begins at the smallest  not included in the previous span(s) for which . The span duration is max{maximum value of all CORESET durations, minimum value of in the UE reported candidate value} except possibly the last span in a slot which can be of shorter duration.
< Unchanged parts are omitted >
10.1 	UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are omitted >
Table 10.1-2A provides the maximum number of monitored PDCCH candidates, , per span for a UE in a DL BWP with SCS configuration  for operation with a single serving cell.
Table 10.1-2A: Maximum number  of monitored PDCCH candidates in a span of a span patternfor (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of monitored PDCCH candidates per span pattern for  and per serving cell 

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

	0
	M01
	M02
	M03

	1
	M11
	M12
	M13


< Unchanged parts are omitted >
Table 10.1-3A provides the maximum number of non-overlapped CCEs, , for a DL BWP with SCS configuration  that a UE is expected to monitor corresponding PDCCH candidates per span for operation with a single serving cell.
Table 10.1-3A: Maximum number  of non-overlapped CCEs in a span of a span patternfor (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of non-overlapped CCEs per span pattern for  and per serving cell 

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

	0
	C01
	C02
	56

	1
	C11
	C12
	56


< Unchanged parts are omitted >


An agreement as below reached in RAN1#98 resolved which maximum number of non-overlapped CCEs to be applied when there are multiple valid combinations (X, Y) for the span pattern. Whether the combination is valid or not lies in whether the minimum time separation during the span pattern satisfies the (X, Y). The current TS 38.213 description ‘If the UE indicates a capability to monitor PDCCH according to multiple span patterns and a configuration of search space sets to the UE 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 according to the span pattern associated with the largest maximum number of .’, especially for the yellow part, cannot completely reflect the agreement when the separation between two consecutive spans for a span pattern may be unequal. Therefore, the following TP3 is to clarify the agreement below.     
	Agreements in RAN1#98::
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


Proposal 3: Adopt the TP3 to reflect the agreement related to how to determine a valid combination (X, Y).  
	TP3
TS 38.213 V16.0.0 (2019-12)
10.1	 UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are omitted >
A UE can indicate a capability to monitor PDCCH according to one or more of the span patterns(2, 2), (4, 3), and (7, 3) per SCS configuration of  and . If the UE indicates a capability to monitor PDCCH according to multiple span patterns and a configuration of search space sets to the UE results to a minimum time separation of two PDCCH monitoring occasions in two respective consecutive span within and across slots  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 according to the span pattern associated with the largest maximum number of .
< Unchanged parts are omitted >



Conclusion
[bookmark: _GoBack]In this contribution, we have discussed the remaining issue on the PDCCH enhancement and have the following proposals:
Proposal 1: Adopt the following TP1, given no new Release 16 RRC parameters for CBG transmission configuration for PUSCH is introduced.
	TP1
TS 38.212 V16.0.0 (2019-12)
7.3.1.1.2	Format 0_1
< Unchanged parts are omitted >
-	CBG transmission information (CBGTI) – 0 bit if higher layer parameter codeBlockGroupTransmission for PUSCH is not configured or if the number of scheduled PUSCH indicated by the Time domain resource assignment field is larger than 1; otherwise, 2, 4, 6, or 8 bits determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for PUSCH. 
[When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the CBG transmission information in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the CBG transmission information in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller CBG transmission information until the bit width of the CBG transmission information in DCI format 0_1 for the two HARQ-ACK codebooks are the same.]
< Unchanged parts are omitted >



Proposal 2: Adopt the TP2 to correct the description for span pattern and UE reported combination (X, Y) in section 10 and 10.1 in the TS 38.213.
	TP2
TS 38.213 V16.0.0 (2019-12)
10	UE procedure for receiving control information
< Unchanged parts are omitted >
A span pattern is a time configuration within a slot and repeats per slot for PDCCH monitoring on an active DL BWP of a serving cell. A span pattern is defined by a pair of numbers of symbols with .  reported by the UE indicates that the UE supports PDCCH monitoring occasions in any symbol of the slot with minimum time separation between two consecutive transmissions of PDCCH with span up to  consecutive OFDM symbols for  OFDM symbols.  is a minimum number of consecutive symbols between first symbols of two PDCCH monitoring occasions in two respective consecutive span patterns and defines a span, and  is a number of consecutive symbols for PDCCH monitoring occasions within the  symbols, starting from the first symbol of the  symbols, and defines a span gap.A span pattern is determined according to a generated bitmap  with  where  if symbols  of any slot is part of a PDCCH monitoring occasion, otherwise. The first span in the span pattern begins at the smallest  for which . The next span in the span pattern begins at the smallest  not included in the previous span(s) for which . The span duration is max{maximum value of all CORESET durations, minimum value of in the UE reported candidate value} except possibly the last span in a slot which can be of shorter duration.
< Unchanged parts are omitted >
10.1 	UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are omitted >
Table 10.1-2A provides the maximum number of monitored PDCCH candidates, , per span for a UE in a DL BWP with SCS configuration  for operation with a single serving cell.
Table 10.1-2A: Maximum number  of monitored PDCCH candidates in a span of a span patternfor (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of monitored PDCCH candidates per span pattern for  and per serving cell 

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

	0
	M01
	M02
	M03

	1
	M11
	M12
	M13


< Unchanged parts are omitted >
Table 10.1-3A provides the maximum number of non-overlapped CCEs, , for a DL BWP with SCS configuration  that a UE is expected to monitor corresponding PDCCH candidates per span for operation with a single serving cell.
Table 10.1-3A: Maximum number  of non-overlapped CCEs in a span of a span patternfor (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of non-overlapped CCEs per span pattern for  and per serving cell 

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

	0
	C01
	C02
	56

	1
	C11
	C12
	56


< Unchanged parts are omitted >


Proposal 3: Adopt the TP3 to reflect the agreement related to how to determine a valid combination (X, Y). 
	TP3
TS 38.213 V16.0.0 (2019-12)
10.1	 UE procedure for determining physical downlink control channel assignment 
[bookmark: _Toc446967021]< Unchanged parts are omitted >
A UE can indicate a capability to monitor PDCCH according to one or more of the span patterns(2, 2), (4, 3), and (7, 3) per SCS configuration of  and . If the UE indicates a capability to monitor PDCCH according to multiple span patterns and a configuration of search space sets to the UE results to a minimum time separation of two PDCCH monitoring occasions in two respective consecutive span within and across slots  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 according to the span pattern associated with the largest maximum number of .
< Unchanged parts are omitted >
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