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Introduction
Following agreements related to PDCCH enhancements were achieved during the last meeting [1].
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
Email agreement:
For time domain resource allocation indication for PDSCH for Rel-16 URLLC in new DCI format, using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV is supported.
· A RRC parameter is used to enable the utilization of the new reference  
· When the RRC parameter enables the utilization of the new reference, the new reference is applied for TDRA entries with K0=0
· FFS: Other entries with K0>0 can also be included in the same TDRA table 
· For other entries (if any) in the same TDRA table, the reference is slot boundary as in Rel-15.
Email agreement: PDSCH mapping type A is not supported with the new reference. 
In this contribution, we provide our considerations on PDCCH enhancements for URLLC, including DCI format(s) and increased PDCCH monitoring capability. 
Discussion
DCI format(s) for URLLC
Table 1 and 2 give the current summary of the agreements for the DCI format(s) scheduling Rel-16 DL and UL URLLC, respectively. The bit fields have open items are marked with blue and some proposals (italic font) are given accordingly. 
Table 1: DCI format scheduling Rel-16 DL URLLC
	DCI Bit field
	Size (bits) in DCI 1_1
	Status or proposals

	Identifier for DCI formats
	1
	When applicable

	Carrier Indicator
	0 or 1 or 2 or 3 bits
	Configurable

	Bandwidth part indicator
	0 or 1 or 2 bits
	Configurable
Same RRC parameters as that for DCI format 0_1/1_1 are used for this configuration

	Frequency domain resource assignment
	RA1
	RRC parameter to configure the scheduling granularity , {2, 4, 8, 16} 
If not configured, the granularity is 1 PRB
Other values are not additional considered.

	Time domain resource assignment
	0, 1, 2, 3 or 4; 
	Configurable
Using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV. A RRC parameter is used to enable the utilization of the new reference  
When the RRC parameter enables the utilization of the new reference, the new reference is applied for TDRA entries with K0=0
· FFS: Other entries with K0>0 can also be included in the same TDRA table 
· For other entries (if any) in the same TDRA table, the reference is slot boundary as in Rel-15.
PDSCH mapping type A is not supported with the new reference.

	VRB-to-PRB mapping
	0 or 1;
	Configurable. 

	PRB bundling size indicator
	0 or 1;
	Configurable

	Rate matching indicator
	0, 1, or 2;
	Configurable

	ZP CSI-RS trigger
	0, 1, or 2;
	Configurable

	Modulation and coding scheme 
	5
	Fixed, use the MCS tables defined in Rel-15

	New data indicator 
	1
	If NDI toggled, it is initial transmission

	Redundancy version 
	0/1/2
	Configurable.
If 0 bit is configured, RV0 is used. 
If 1 bit is configured, RV0 and RV3 are indicated dynamically

	HARQ process number
	0-4
	Configurable
The values of the HARQ process number field can map from 0 to 2^(the number of bits)-1

	Downlink assignment index
	0 or 1 or 2 or 4 bits
	Configurable
New RRC parameter is introduced to for the configuration

	TPC command for scheduled PUCCH
	2; 
	Fixed

	PUCCH resource indicator
	0 or 1 or 2 or 3 bits;
	Configurable.
New RRC parameter is introduced to for the configuration

	PDSCH-to-HARQ feedback timing indicator
	0 or 1 or 2 or 3 bits
	Configurable. 
New RRC parameter is introduced to for the configuration.

	Antenna port(s)
	0 or 4/5/6 bits
	Configurable

	Transmission configuration indication
	0 or 3;
Not support 1 or 2 bits
	Configurable

	SRS request
	0 or 2 or 3 bits
Not support 1 bit 
	[bookmark: OLE_LINK7]Configurable

	CBG transmission information (CBGTI)
	0, 2, 4, 6, or 8;
	not included (in case new DCI format) or can be configured to be absent

	CBG flushing out information (CBGFI)
	0, or 1;
	

	DMRS sequence initialization
	0-1;
	Configurable



Table 2: DCI format scheduling Rel-16 UL URLLC
	DCI Bitfield
	Size (bits)
	Comments

	Identifier for DCI formats
	1
	When applicable

	Carrier Indicator
	0 or 1 or 2 or 3 bits
	Configurable. 

	UL/SUL indicator
	0 or 1
	Configurable
Same RRC configuration for DCI format 0_1 and the new DCI format for UL scheduling

	Bandwidth part indicator
	0 or 1 or 2 bits
	Same RRC parameters as that for DCI format 0_1/1_1 are used for this configuration.

	Frequency domain resource assignment
	RA1
	RRC parameter to configure the scheduling granularity , {2, 4, 8, 16} 
If not configured, the granularity is 1 PRB
Other values are not additional considered

	Time domain resource assignment
	0-5 bits
	Configurable

	Frequency hopping flag
	0, or 1;
	Configurable new RRC parameter 

	Modulation and coding scheme
	5
	Fixed, use the MCS table defined in Rel-15 URLLC

	New data indicator
	1
	

	Redundancy version
	0-1
	It should be considered together with PUSCH transmission schemes.

	HARQ process number
	0-4
	Configurable
The values of the HARQ process number field can map from 0 to 2^(the number of bits)-1

	Downlink assignment index
	0 or 1 or 2 or 4 bits;
	Configurable
New RRC parameter is introduced to for the configuration 

	TPC command for scheduled PUSCH
	2; 
	Fixed

	SRS resource indicator
	0 or 1 or 2 or 3 or 4 bits
	Configurable
New RRC parameter is introduced to for the configuration

	Precoding information and number of layers
	0 or 1 or 2 or 3 or 4 or 5 or 6 bits;
	Configurable
New RRC parameter is introduced to for the configuration

	Antenna ports
	0 or 2 or 3 or 4 or 5 bits
	Configurable
New RRC parameter is introduced to for the configuration

	SRS request
	0 or 2 or 3 bits
	Configurable
New RRC parameter is introduced to for the configuration

	CSI request
	0 or 1 or 2 or 3 or 4 or 5 or 6 bits
	Configurable

	PTRS-DMRS association
	0 or 2 bits 
	New RRC parameter is introduced to for the configuration

	beta_offset indicator
	0 or 1 or 2 bits
	Configurable
New RRC parameter is introduced to for the configuration

	DMRS sequence initialization
	0 or 1 bit;
	New RRC parameter is introduced to configure

	UL-SCH indicator
	1;
	Fixed 



Proposal 1. For resource allocation type 1 for frequency domain resource assignment for the new DCI formats scheduling Rel-16 URLLC, other values are not additional considered.
Proposal 2. For time domain resource allocation for the new DL DCI format, other entries with K0>0 can also be included in the same TDRA table 
· For other entries (if any) in the same TDRA table, the reference is slot boundary as in Rel-15.
Proposal 3. For the new DCI formats for DL and UL scheduling for Rel-16 URLLC, reuse MCS field in Rel-15 DCI.
Proposal 4. Does not support the transmission configuration indication field in the new DCI format in DL to be additionally configurable to 1 or 2 bit.
Proposal 5. Does not support the SRS request field in the new DCI format in DL to be additionally configurable to 1 bit.
Proposal 6. For the new DCI formats for UL scheduling for Rel-16 URLLC, time domain resource assignment field support configurable bits of 0 or 1 or 2 or 3 or 4 or 5 bits.
Proposal 7. 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)
· New RRC parameter is introduced to for the configuration
· Precoding information and number of layers (0 or 1 or 2 or 3 or 4 or 5 or 6 bits)
· New RRC parameter is introduced to for the configuration
· Antenna port(s) (0 or 2 or 3 or 4 or 5 bits)
· New RRC parameter is introduced to for the configuration
· SRS request (0 or 2 or 3 bits)
· New RRC parameter is introduced to for the configuration
· DMRS-PTRS association (0 or 2 bits)
· New RRC parameter is introduced to for the configuration

Increased PDCCH monitoring capability
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In Rel-15 NR, PDCCH monitoring always satisfies the CCEs/BDs limits. If the configured numbers are more than these limits, a UE would follow the search space dropping rules until meeting with CCEs/BDs limits. It is clear that the limit of the number of CCEs/BDs does have significant impact on UE complexity. The maximum numbers of BD/CCE limits with different numerologies are defined in 38.213 [2].  
[bookmark: _GoBack]CCEs limits
X is the minimum time separation of symbols (including the cross-slot boundary case) between the start of two spans. Y is maximum consecutive OFDM symbols of a slot in a span. And the span pattern repeats in every slot. The same (X, Y) limit must be satisfied by all spans.  It is clear that a UE only monitors up to Y OFDM symbols in a span, which can be made up with several SSs. Such as Y=2, it can include one monitoring occasion or two monitoring occasions, which depends on the CORESET durations of these monitored search spaces. 
 Reported combinations of (X, Y) 
It was agreed to 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, and combination (2, 1) (4, 1) (4, 2) (7, 1) (7, 2) are not additionally introduced. One open issue is whether (X, Y) = (3, 3) or (3, 2) should be supported to achieve an intermediate level of PDCCH monitoring occasions between (X, Y) = (2, 2) and (4, 3) within a slot, e.g., 4 or 5 PDCCH monitoring spans in a slot are needed. Actually, 5 or 4 PDCCH monitoring occasions can be supported by other (X, Y) combinations, such as (2, 2). The difference of supporting (3, 3) or (3, 2) is quite small compared with the current combinations. Thus it is suggested not to support specific span pattern of (X, Y) = (3, 3) or (3, 2) additionally.
Proposal 8. Not support (3, 3) or (3, 2) combinations in addition to (2, 2) (4, 3) (7, 3) defined in UE feature 3-5b.
Applicable SCS(s)
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]It was agreed that the increased PDCCH monitoring capability can be applicable to 15 kHz and 30 kHz SCSs. In our view, PDCCH monitoring enhancements need not to be applied to 60 kHz and 120 kHz. Since slot durations of 60 kHz and 120 kHz SCSs can be short enough to provide frequent PDCCH monitoring, which are 4 times and 8 times more frequent than that of 15 kHz SCS. As shown in the following table, we can see there are enough non-overlapped CCE numbers per subframe using 60 kHz and 120 kHz SCSs. Above all, increased PDCCH monitoring capability should not be applied to 60 kHz and 120 kHz SCSs.
Table 3: Non-overlapped CCEs per subframe
	SCS
	60 kHz
	120 kHz

	Non-overlapped CCEs per subframe
	48*4
	32*8


Proposal 9. Increased PDCCH monitoring capability should not be applied to 60 kHz and 120 kHz SCSs.
Interaction between enhanced PDCCH monitoring capability for URLLC and Rel-15 capability for eMBB
For a Rel-16 UE supporting enhanced PDCCH monitoring capability, it was agreed to down-select between option 1 and option 2. Option 1 is preferred. 
Firstly, URLLC PDCCH should be with higher priority compared with eMBB PDCCH. However, Option 2 suggests the same priority of URLLC and eMBB PDCCHs, which is not fair especially when PDCCHs are overbooking and some search spaces have to be dropped. For example, if PDCCH monitoring for both eMBB and URLLC is configured based on Rel-15 capability, a UE follows the Rel-15 search space dropping rules.  The UE may drop URLLC search spaces in order to meet slot level CCE limits but these search space may actually not need to be dropped. Because the UE has the enhanced PDCCH monitoring capability, it can monitor more non-overlapped CCEs per span. So the method of gNB configures which capability in Option 2 is not reasonable.
Secondly, CSS is quite different from URLLC USS. It may be only configured in the first 3 symbols within a slot. Thus non-overlapped CCE limits per slot are more suitable for CSS(s) and gNB should ensure there is no overbooking for CSS. There can be up to 48 non-overlapped CCEs per slot for CSS(s), including 3 PDCCH candidates of AL = 4, 2 PDCCH candidates of AL = 8, and 1 PDCCH candidates of AL = 16. These are too many CCEs for one span especially using (X, Y) = (2, 2) span pattern. Thus non-overlapped CCEs in CSS can easily exceed span limits. Therefore, number of non-overlapping CCEs in common search spaces should not be covered by each span. 
Proposal 10. For a Rel-16 UE supporting enhanced PDCCH monitoring capability Option 1 should be supported. Each span for Rel-16 PDCCH should not cover CSS.
C value
The following table provides our proposed values for per-CC limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span for a certain combination (X, Y, ). 
Table 4: C value for UE processing capability 1
	
	X
	Y
	C

	
	
	
	=0
	=1

	Combination 1
	2 
	2
	16
	16

	Combination 2
	 4
	3
	32
	32

	Combination 3
	 7
	3
	56
	56




BDs limits
With the stringent latency and reliability requirements for URLLC, scheduling multiple PDSCHs/PUSCHs in a slot is necessary. As a sequence, it is necessary to configure multiple PDCCH monitoring occasions within a slot, such as 7 monitoring occasions per slot. 
For blind decoding, we do not prefer to use larger BD limits, other implementation methods such as fewer PDCCH candidates can be configured for every monitoring occasion. As shown in Table 6, more occasions are configured, the current blind decoding number can at least provide 2 PDCCH candidates for every PDCCH monitoring occasion. So we prefer not to increase the PDCCH blind decoding number for Rel-16 URLLC.
Table 4: Max no. of PDCCH BDs per monitoring occasion
	SCS
	Max no. of PDCCH BDs per slot
	Max no. of PDCCH BDs per monitoring occasion 

	
	
	7 monitoring occasions per slot
	4 monitoring occasions per slot

	15 kHz
	44
	6
	11

	30 kHz
	36
	4
	9

	60 kHz
	22
	3
	5

	120 kHz
	20
	2
	5



Proposal 11. The number of PDCCH blind decoding does not increase in Rel-16 NR URLLC.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we have the following observations and proposals.
Proposal 1. For resource allocation type 1 for frequency domain resource assignment for the new DCI formats scheduling Rel-16 URLLC, other values are not additional considered.
Proposal 2. For time domain resource allocation for the new DL DCI format, other entries with K0>0 can also be included in the same TDRA table 
· For other entries (if any) in the same TDRA table, the reference is slot boundary as in Rel-15.
Proposal 3. For the new DCI formats for DL and UL scheduling for Rel-16 URLLC, reuse MCS field in Rel-15 DCI.
Proposal 4. Does not support the transmission configuration indication field in the new DCI format in DL to be additionally configurable to 1 or 2 bit.
Proposal 5. Does not support the SRS request field in the new DCI format in DL to be additionally configurable to 1 bit.
Proposal 6. For the new DCI formats for UL scheduling for Rel-16 URLLC, time domain resource assignment field support configurable bits of 0 or 1 or 2 or 3 or 4 or 5 bits.
Proposal 7. 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)
· New RRC parameter is introduced to for the configuration
· Precoding information and number of layers (0 or 1 or 2 or 3 or 4 or 5 or 6 bits)
· New RRC parameter is introduced to for the configuration
· Antenna port(s) (0 or 2 or 3 or 4 or 5 bits)
· New RRC parameter is introduced to for the configuration
· SRS request (0 or 2 or 3 bits)
· New RRC parameter is introduced to for the configuration
· DMRS-PTRS association (0 or 2 bits)
· New RRC parameter is introduced to for the configuration
Proposal 8. Not support (3, 3) or (3, 2) combinations in addition to (2, 2) (4, 3) (7, 3) defined in UE feature 3-5b.
Proposal 9. Increased PDCCH monitoring capability should not be applied to 60 kHz and 120 kHz SCSs.
Proposal 10. For a Rel-16 UE supporting enhanced PDCCH monitoring capability Option 1 should be supported. Each span for Rel-16 PDCCH should not cover CSS.
Proposal 11. The number of PDCCH blind decoding does not increase in Rel-16 NR URLLC.
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Appendix
BDs/CCEs limits per slot in Rel-15 NR


Table 10.1-2: Maximum number  of monitored PDCCH candidates per slot for a DL BWP with SCS configuration  for a single serving cell
	

	
Maximum number of monitored PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20




Table 10.1-3: Maximum number  of non-overlapped CCEs per slot for a DL BWP with SCS configuration  for a single serving cell
	

	
Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32
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