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Introduction
Following agreements related to PDCCH enhancements were achieved during the last meeting [1].
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  
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]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:
· FFS the value of C
· Companies are encouraged to report the potential aspects that have impact on the value of C 
	
	X
	Y
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	=2
	=3
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	Combination 2
	
	
	
	
	
	

	…
	
	
	
	
	
	

	Note: 
· The table here doesn’t mean increased PDCCH monitoring capability is supported for all SCS. N/A can be filled in the corresponding cell for the SCS not applicable 


· 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  

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
DCI format 1_1 and DCI format 0_1 can used be a starting point for DCI format(s) scheduling Rel-16 URLLC. Table 1 and 2 give our consideration on the DCI format(s) scheduling Rel-16 DL and UL URLLC, respectively. The bit fields that have been agreed to be included are marked with green. And the bit fields that have been agreed not to be included are marked with grey. 
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 bit or at least one non-zero bit
	Configurable

	Bandwidth part indicator
	0
	Not support this field. 
Since BWP switching by DCI is unnecessary for URLLC traffic.

	Frequency domain resource assignment
	BWP & RA type dependent 
	Option 1+Alt. 2
a single configurable scheduling granularity applicable for both the starting point and length indication with a new RRC parameter to configure the scheduling granularity  

	Time domain resource assignment
	0, 1, 2, 3 or 4; 
	Configurable

	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 for TB1
	5
	Fixed, use the MCS table defined in Rel-15 URLLC

	New data indicator for TB1
	1
	If NDI toggled, it is initial transmission

	Redundancy version for TB1
	0-1
	Configurable. Considering the low data rate of URLLC, IR gain will not be evident

	Modulation and coding scheme for TB2
	5;
	not included (in case new DCI format) or can be configured to be absent

	New data indicator for TB2
	1
	

	Redundancy version for TB2
	2
	

	HARQ process number
	1-2
	Considering the 1ms time boundary of URLLC traffic, there will not be too many URLLC HARQ processes at the same time, 2 or 4 processes will be enough for URLLC traffic.

	Downlink assignment index
	0, 2, 4;
	Configurable

	TPC command for scheduled PUCCH
	2; 
	Fixed

	PUCCH resource indicator
	0-2;
	Configurable. When a UL sub-slot is used instead of slot for HARQ-ACK feedback, so a reduced number of PUCCH resources can be used.

	PDSCH-to-HARQ feedback timing indicator
	0-2
	Configurable. Considering quick HARQ-ACK response for URLLC traffic, fewer k1 values can be used in the HARQ-ACK multiplexing window.

	Antenna port(s)
	0-2;
	Configurable

	Transmission configuration indication
	0 or 3;
	Configurable

	SRS request
	0-1; 
	[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 bit or at least one non-zero bit
	Configurable. Similar as DL DCI scheduling Rel-16 NR URLLC

	UL/SUL indicator
	0 or 1
	Configurable

	Bandwidth part indicator
	0
	Not to support this field. 
Since BWP switching by DCI is unnecessary for URLLC traffic.

	Frequency domain resource assignment
	BWP & RA type dependent 
	Option 1+Alt. 2
a single configurable scheduling granularity applicable for both the starting point and length indication, and a new RRC parameter to configure the scheduling granularity  

	Time domain resource assignment
	
	It should be considered together with PUSCH transmission schemes.

	Frequency hopping flag
	0, or 1;
	Configurable. 

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

	New data indicator
	1
	

	Redundancy version
	0-1
	Configurable. Considering the low data rate of URLLC, IR gain will not be evident

	HARQ process number
	1-2
	Considering the 1ms time boundary of URLLC traffic, there will not be too many URLLC HARQ processes at the same time, 2 or 4 processes will be enough for URLLC traffic.

	1st downlink assignment index
	1, 2;
	1 for semi-static HARQ-ACK codebook,
2 for dynamic HARQ-ACK codebook, 

	2nd downlink assignment index
	0
	Not needed. 

	TPC command for scheduled PUSCH
	2; 
	Fixed

	SRS resource indicator
	0-2
	Configurable

	Precoding information and number of layers
	0-6;
	Configurable

	Antenna ports
	0-2
	Configurable

	SRS request
	0-1
	Configurable

	CSI request
	0-1
	Configurable

	CBG transmission information (CBGTI)
	
	

	PTRS-DMRS association
	0

	Not needed

	beta_offset indicator
	0
	Not needed

	DMRS sequence initialization
	1;
	Not needed

	UL-SCH indicator
	1;
	Configurable 

	Repetition factor
	FFS
	



It has been agreed to support at least resource allocation type 1 for frequency domain resource assignment for the DCI format scheduling Rel-16 DL URLLC [1]. There were two options for down selection. Option 1: a single configurable scheduling granularity applicable for both the starting point and length indication. Option 2: Separate configurable starting point granularity and length indication granularity. For option 2, when the starting point granularity is larger or smaller than the length granularity, there may be some resource waste, as shown in Figure 1. The yellow RBs are allocated for UE1 and the green RBs are allocated for UE2. The red RBs cannot be scheduled for any URLLC traffic and may be wasted. Thus option 1 is a better solution. 


Figure 1 Frequency resource allocation
For option 1, there are two alternatives. 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 (Table 3). Alt2: A new RRC parameter to configure the scheduling granularity.
Table 3: Nominal RBG size P [3]
	Bandwidth Part Size
	Configuration 1
	Configuration 2

	1 – 36
	2
	4

	37 – 72
	4
	8

	73 – 144
	8
	16

	145 – 275
	16
	16



For a certain BWP size, there are at most two granularity candidates for Alt1. On the contrary, Alt2 is more flexible since gNB can configure the scheduling granularity. Thus Alt 2 is preferred. Furthermore the PDSCH FDRA mechanism can be applied to PUSCH as well. Therefore, we have the following proposal.
Proposal 1. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]For frequency domain resource assignment for the DCI format scheduling Rel-16 DL/UL URLLC, a single configurable scheduling granularity applicable for both the starting point and length indication with a new RRC parameter to configure the scheduling granularity.
Time domain resource allocation field can be reduced as well. For URLLC mini-slot scheduling, the starting symbol can be defined with respect to the responding DCI to reduce the size of DCI payload. 
Proposal 2. For time domain resource assignment for the DCI format scheduling Rel-16 DL URLLC, using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV.
Configurable number of bits (0 or 1 bit) for “VRB-to-PRB mapping” is more suitable, since when the packed size of URLLC traffic is small, interleaved resource allocation can provide additional frequency diversity gain. Therefore, this field can be configured by higher layer signalling. 
Proposal 3.  Support configurable number of bits (0 or 1 bit) for “VRB-to-PRB mapping” in the DCI format scheduling Rel-16 DL URLLC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]It is suitable to introduce some fields in DCI formats scheduling Rel-16 NR URLLC in order to support MIMO transmission. Since DCI 1_0 and DCI 0_0 do not include any MIMO related fields, they cannot support flexible MIMO scheduling. For example, a PDSCH scheduled by DCI 1_0 can only transmit using one DMRS port, and its QCL assumption is identical to the CORESET of PDCCH. It can neither adjust PDSCH’s QCL source nor DMRS ports according to the current channel states. On the other hand, for a PUSCH scheduled by DCI format 0_0 in a cell, the UE shall transmit a PUSCH according to the spatial relation corresponding to the PUCCH resource with the lowest ID within the active UL BWP of the cell. Thus, if without some fields to support MIMO scheduling, it may reduce the reliability of URLLC traffic, decrease its scheduling flexibility, and lower its performance. So it is beneficial to support multi-antenna transmission for URLLC traffic in DCI formats scheduling Rel-16 NR URLLC. 
For new features introduced in URLLC, such as priority indication [0~3 bits] should be studied with UCI multiplexing. And repetition factor of PUSCH transmission was agreed in the last meeting.
Proposal 4. [bookmark: OLE_LINK44][bookmark: OLE_LINK45]The fields to support MIMO transmission should be contained in DCI format(s) scheduling Rel-16 URLLC.
Proposal 5. Table 1 and Table 2 should be considered for DCI format(s) scheduling Rel-16 URLLC to reduce the bit width of some fields in DCI0_1 and DCI1_1.
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 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].  
CCEs limits
PDCCH monitoring span 
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 the 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. REGs within a CORESET are numbered in increasing order in a time-first manner. When CORESET duration is more than 1, REGs always contain more than 1 OFDM symbols. From this side, non-overlapping CCEs limits per OFDM symbol might be unnecessary when some CORESET durations are larger than 1. Thus the limitation on the maximum number of non-overlapping CCEs can be defined per PDCCH monitoring span in UE feature 3-5b.
Proposal 6. Confirm the following working assumption with the updates below:
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  

 Reported combinations of (X, Y) 
UE feature 3-5b gives some candidate values set for (X, Y), including:
· (X, Y) = (7, 3)
· (X, Y) = {(4, 3) and (7, 3)}
· (X, Y) = {(2, 2) and (4, 3) and (7, 3)}
There are at most 3 values of X to be reported, 2, 4 and 7 in UE feature 3-5b. But during the offline discussion, (X, Y) = (1, 1) was also proposed to be supported. We do not think this is a typical PDCCH monitoring span configuration. X equals 2 will be enough for the URLLC traffic. For example, when X equals 2, there can be 7 PDCCH monitoring spans in a slot. In addition, if every span contains 2 monitoring occasions, there can be up to 14 monitoring occasions in a slot. There is no need to introduce additional specification work for defining the case of (X, Y) = (1, 1).
Proposal 7. Only support (X, Y) combinations in UE feature 3-5b
· (X, Y) = (7, 3)
· (X, Y) = {(4, 3) and (7, 3)}
· (X, Y) = {(2, 2) and (4, 3) and (7, 3)}

Aspects related to UE capability
The CCE limits can be further related with UE capability on processing time, i.e., UE processing capability 1 and UE processing capability 2 defined in 38.214 [3]. UE processing capability 1 is a basic UE processing capability and UE processing capability 2 is an aggressive UE processing capability. UE PDSCH processing time takes into account PDCCH and PDSCH decoding time. CCE limits and blind decoding number have a direct impact on it. UE processing capability 1 and 2 should support different non-overlapped CCE limits per span. Therefore if a new PDCCH monitoring capability of CCE limits is supported, this number should be reported per UE processing capability. 
Proposal 8. Limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span should be reported per UE processing capability.
C value
The following tables provide 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
	=2
	=3

	Combination 1
	2 
	2
	12
	12
	10
	6

	Combination 2
	 4
	3
	24
	24
	20
	13

	Combination 3
	 7
	3
	42
	42
	36
	24



Table 5: C value for UE processing capability 2
	
	X
	Y
	C

	
	
	
	=0
	=1
	=2
	=3

	Combination 1
	2 
	2
	16
	16
	13
	9

	Combination 2
	 4
	3
	32
	32
	27
	18

	Combination 3
	 7
	3
	56
	56
	48
	32



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 6: 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 9. 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 made the following observations and proposals.
Proposal 1. For frequency domain resource assignment for the DCI format scheduling Rel-16 DL/UL URLLC, a single configurable scheduling granularity applicable for both the starting point and length indication with a new RRC parameter to configure the scheduling granularity.
Proposal 2. For time domain resource assignment for the DCI format scheduling Rel-16 DL URLLC, using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV.
Proposal 3.  Support configurable number of bits (0 or 1 bit) for “VRB-to-PRB mapping” in the DCI format scheduling Rel-16 DL URLLC.
Proposal 4. The fields to support MIMO transmission should be contained in DCI format(s) scheduling Rel-16 URLLC.
Proposal 5. Table 1 and Table 2 should be considered for DCI format(s) scheduling Rel-16  URLLC to reduce the bit width of some fields in DCI0_1 and DCI1_1.
Proposal 6. Confirm the following working assumption with the updates below:
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  
Proposal 7. Only support (X, Y) combinations in UE feature 3-5b
· (X, Y) = (7, 3)
· (X, Y) = {(4, 3) and (7, 3)}
· (X, Y) = {(2, 2) and (4, 3) and (7, 3)}
Proposal 8. Limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span should be reported per UE processing capability.
Proposal 9. 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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