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Introduction
The agreements with FFS points on DCI format scheduling Rel-16 URLLC are listed below [1].
	RAN1 #98bis Agreements:
For the new DCI format for DL scheduling for Rel-16 URLLC, support configurable number of bits for the following fields:
· Transmission configuration indication (0 or 3 bits)
· FFS 1 or 2 bits
· SRS request (0 or 2 or 3 bits)
· FFS 1 bit
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-PTRS association (0 or 2 bits)
· FFS details of configuration
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
RAN1 #98bis [98b-NR-22] Email approval Agreements:
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.
PDSCH mapping type A is not supported with the new reference.


The agreements on PDCCH monitoring capability are listed below [2,3].
	RAN1 #97 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  
RAN1 #98 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
RAN1 #98 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
RAN1 #98 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



In this contribution, we mainly provide our views on the remaining issues on the new DCI format and increased PDCCH monitoring capability. 
DCI formats for URLLC
In this contribution, DCI format 1_2 and DCI format 0_2 are used to denote the new DCI formats for DL and UL scheduling respectively. Fields for the new DCI formats are shown in Table 1.
Table 1: Fields for the new DCI and Rel-15 DCI (e.g. BWP=100PRB)
	Field for UL grant
	Bits size
	Field for DL assignment
	Bits size

	
	Format 0_2 
	Format 0_0
	Format 0_1
	
	Format 1_2 
	Format 1_0
	Format 1_1

	Header/Identifier for DCI format
	1
	1
	1
	Header/Identifier for DCI format
	1
	1
	1

	Frequency domain resource assignment
	7 (Note1)
	13
	13
	Frequency  domain resource assignment
	7 (Note1)
	13
	13

	Time domain resource assignment
	0,1,2,3,4
 (Note2)
	4
	0,1,2,3,4
	Time domain resource assignment
	0,1,2,3,4
(Note2)
	4
	0,1,2,3,4

	Frequency hopping flag
	0,1
	1
	0,1
	VRB-to-PRB mapping
	0,1
	1
	0,1

	Modulation and coding scheme
	5
	5
	5
	Modulation and coding scheme
	5
	5
	5,10

	Redundancy version
	[0,1,2]
(Note2)
	2
	2
	Redundancy version
	0,1,2
(Note2)
	2
	2,4

	New data indicator
	1
	1
	1
	New data indicator
	1
	1
	1,2

	HARQ process number
	0,1,2,3,4
	4
	4
	HARQ process number
	0,1,2,3,4
	4
	4

	TPC for scheduled PUSCH
	2
	2
	2
	TPC for scheduled PUCCH
	2
	2
	2

	Downlink assignment index
	0,1,2,4
	-
	1st DAI 1,2
2nd DAI 0,2
	Downlink assignment index
	0,1,2,4
	2
	0,2,4

	Open-loop indicator
	1
	-
	-
	PUCCH resource indicator
	0,1,2,3
	3
	3

	SRS resource indicator
	0,1,2,3,4
(Note2)
	-
	0,1,2,3,4
	PDSCH-to-HARQ timing
	0,1,2,3
	3
	0,1,2,3

	Precoding information and number of layers
	0-6
(Note2)
	-
	0-6
	PRB bundling size indicator
	0,1
	-
	0,1

	Beta_offset indicator
	0,1,2
	-
	0,2
	Rate matching indicator
	0,1,2
	-
	0,1,2

	DMRS sequence initialization
	0,1
	-
	0,1
	ZP CSI-RS trigger
	0,1,2
	-
	0,1,2

	Carrier indicator
	0,1,2,3
	-
	0,3
	Carrier indicator
	0,1,2,3
	-
	0,3

	Bandwidth part indicator
	0,1,2
	-
	0,1,2
	Bandwidth part indicator
	0,1,2
	-
	0,1,2

	Antenna ports
	0,2,3,4,5 (Note2)
	-
	2,3,4,5
	Antenna port(s)
	0,4,5,6
	-
	4,5,6

	SRS request
	0,2,3 (Note2)
	-
	2,3
	SRS request
	0,[1],2,3 (Note2)
	-
	2,3

	CSI request
	0-6
	-
	0-6
	Transmission configuration indication
	0,[1,2],3 (Note2)
	-
	0,3

	CBG transmission information (CBGTI)
	-
	-
	0,2,4,6,8
	CBG transmission information (CBGTI)
	-
	-
	0,2,4,6,8

	PTRS-DMRS association
	0,2
(Note2)
	-
	0,2
	CBG flushing out information (CBGFI)
	-
	-
	0,1

	UL-SCH indicator 
	1
	-
	1
	DMRS sequence initialization
	0,1
	-
	1

	UL/SUL indicator
	0,1
	0,1
	0,1
	
	
	
	

	Padding bits, if required.
	[FFS] (Note3)
	8
	-
	Padding bits, if required.
	[FFS] (Note3)
	-
	-

	CRC
	24
	24
	24
	CRC
	24
	24
	24

	Total
	[42~92]
	65
	58-105
	Total
	[40-84]
	65
	62-107


Note1: FDRA type 1 is assumed with granularity of RBG = 8 RB. FFS on FDRA is discussed in section 2.1.
Note2: Details are discussed in section 2.1.
Note3: Details are discussed in section 2.2.
1.1 Remaining issues on the fields of DCI format 0_2/1_2
· Frequency domain resource assignment
It was agreed to introduce a new RRC parameter to configure the scheduling granularity for FDRA type 1. The detailed values {2,4,8,16} of the scheduling granularity are agreed and FFS other possible values. If not configured, the granularity is 1 PRB. In our view, a value set including {2,4,8,16} PRBs seems sufficient and no need to introduce other values.
Proposal 1: The agreed scheduling granularity (i.e., {2, 4, 8, 16}) for FDRA type 1 is sufficient and no need to introduce other values.
· Time domain resource assignment
It was agreed that the new reference is applied for TDRA entries with K0=0 when the RRC parameter enables the utilization of the new reference. The remaining issue is whether other entries with K0>0 can also be included in the same TDRA table. 
In our view, including TDRA entries with both K0=0 and K0>0 in the same TDRA table is more flexible, and it is up to gNB implementation. If both eMBB and URLLC traffic need to be scheduled by DCI format 1_2, then high layer parameter pdsch-TimeDomainAllocationList-ForDCIFormat1_2 can be configured with TDRA entries with both K0=0 and K0>0. In case the utilization of the new reference is enable by a RRC parameter, the new reference is only used for the entries with K0=0 and PDSCH mapping type B, while the reference is slot boundary for other entries as in Rel-15. If only URLLC traffic needs to be scheduled by DCI format 1_2, then TDRA entries only with K0=0 can be configured. To support the implementation flexibility of scheduling both URLLC and eMBB via new DCI formats, there is no need to restrict the TDRA entries only with K0=0 for DCI format 1_2.
Proposal 2: There is no need to restrict the TDRA entries only with K0=0 for DCI format 1_2. 
· Redundancy version 
It was agreed that size of “Redundancy version” in DCI format 1_2 can be configured and detailed agreements are listed below. It is natural that size of “Redundancy version” in DCI format 0_2 can be configured in the same way as DCI format 1_2.
	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  


Proposal 3: Support configurable number of bits (0 or 1 or 2 bits) for “Redundancy version” in the new DCI format for UL scheduling for Rel-16 URLLC.
· If 0 bit is configured, RV0 is used. 
· If 1 bit is configured, RV0 and RV3 are indicated dynamically  
There is another issue on how to apply redundancy version when pdsch-AggregationFactor is present. In NR Rel-15, the redundancy version to be applied on the nth transmission occasion of the TB is determined according to table 5.1.2.1-2 in TS38.214.  
Table 5.1.2.1-2: Applied redundancy version when pdsch-AggregationFactor is present
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to nth transmission occasion

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	0
	0
	2
	3
	1

	2
	2
	3
	1
	0

	3
	3
	1
	0
	2

	1
	1
	0
	2
	3


In case 2-bit is configured for “Redundancy version” in DCI format 1_2, then same table can be reused to determine the  nth transmission occasion of the TB when pdsch-AggregationFactor is present. In case 0 or 1 bit is configured for “Redundancy version” in DCI format 1_2, whether defining a new table or reusing the entries with same rvid value in table 5.1.2.1-2 should be determined. For example, if 1-bit is configured, whether to apply table 2 or table 3 should be determined. It depends on whether only {RV0, RV3} can be used or not when pdsch-AggregationFactor is present.
In the first draft of CR for TS 38.212, it only says the rvid  is 0 if 0 bit is configured, or rvid  is 0 or 3 if 1 bit is configured. It should further clarify in TS 38.214 the RV cycle when pdsch-AggregationFactor is configured.
Table 2: Applied redundancy version when pdsch-AggregationFactor is present
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to nth transmission occasion

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	0
	0
	2
	3
	1

	3
	3
	1
	0
	2


Table3: Applied redundancy version when pdsch-AggregationFactor is present
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to nth transmission occasion

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	0
	0
	3
	0
	3

	3
	3
	0
	3
	0


Similar issue happens when pusch-AggregationFactor or numberofrepetitions is present if 0 or 1 bit RV is configured. The same way as DL can be reused. Note pusch-AggregationFactor is applied only in case Rel-15 PUSCH transmission scheme is configured, while numberofrepetitions is applied only in case Rel-16 PUSCH transmission scheme is configured.   
Proposal 4: In case of 0 or 1 bit RV configured, how to determine the redundancy version when pdsch-AggregationFactor, pusch-AggregationFactor or numberofrepetitions is present should be further clarified.
· MIMO-related fields in DCI format 0_2
The remaining fields with FFS configuration for MIMO-related fields in DCI format 0_2 are listed below.
	RAN1 #98bis 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-PTRS association (0 or 2 bits)
· FFS details of configuration


The size for above fields depends on several high layer parameters. If new RRCs are introduced for all related high layer parameters, UE complexity may be increased. After checking the related high layer parameters for above fields, we propose the following high layer parameters should be reused as in Rel-15 in order not to increase UE complexity. 
· txConfig in PUSCH-Config (avoid dynamically indicating support of codebook based transmission and nonCodebook based transmission)
· dmrs-Type in DMRS-UplinkConfig (avoid dynamically indicating support of UL DMRS type 1 and DMRS type 2)
· maxLength in DMRS-UplinkConfig (avoid dynamically indicating support of UL front loaded DMRS with 1-OS length and 2-OS length)
· supplementaryUplink in ServingCellConfig (already agreed in RAN1 #98bis)
· PTRS-UplinkConfig  (avoid dynamically indicating support of different PTRS)
While new RRC parameters listed below can be introduced for DCI format 0_2, because UE capability will not be increased with the following flexible configurations. 
· maxMIMO-Layers-ForDCIFormat0_2 in PUSCH-ServingCellConfig (can be different from maxMIMO-Layers in PUSCH-ServingCellConfig)
· maxRank-ForDCIFormat0_2 in PUSCH-Config (can be different from maxRank in PUSCH-Config)
· SRS-ResourceSet-ForDCIFormat0_2 (including srs-ResourceIdList and usage) in SRS-Config (can be different from SRS-ResourceSet in SRS-Config)
· codebookSubset-ForDCIFormat0_2 in PUSCH-Config (can be different from codebookSubset of PUSCH-Config)
· dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 and dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2 in PUSCH-Config (similar as agreed for DCI Format 1_2)
Proposal 5: Reuse Rel-15 RRC parameters for the following UL MIMO related fields in DCI format 0_2.
· txConfig, dmrs-Type, maxLength, and PTRS-UplinkConfig.
Proposal 6: Introduce new RRC parameters for the following UL MIMO related fields in DCI format 0_2.
· maxMIMO-Layers-ForDCIFormat0_2 in PUSCH-ServingCellConfig,
· maxRank-ForDCIFormat0_2 in PUSCH-Config,
· SRS-ResourceSet-ForDCIFormat0_2 (including srs-ResourceIdList and usage) in SRS-Config,
· codebookSubset-ForDCIFormat0_2 in PUSCH-Config,
· dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 and dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2 in PUSCH-Config.
· Transmission configuration indication(TCI)[FFS 1, 2 bits]
It was already agreed tci-PresentInDCI-ForDCIFormat1_2 is introduced for indication of TCI field. If we consider to use 1 or 2 bits for this field, 2 or 4 TCI states can be activated by MAC CE for DCI indication. 
The remaining issue is that how to determine the TCI field size in format 1_2. Similar as 3-bit TCI in DCI format 1_1 is determined by up to 8 TCI states activated by MAC CE, up to 2 or 4 TCI states can be activated by a new MAC CE introduced for DCI format 1_2. If we don’t want to introduce the new MAC CE, a new RRC parameter can be introduced to configure the size of TCI field in DCI format 1_2. Then the first 2 or 4 TCI states activated by the same MAC  CE as in Rel-15 can be used for DCI indication if 1 or 2 bits configured for TCI in DCI format 1_2.
Proposal 7: If supporting 1 or 2 bits TCI in DCI format 1_2, a new MAC CE or a new RRC should be introduced to determine the size of 1 or 2 bits TCI.
1.2 Rel-16 DCI size budget and DCI size alignment 
In RAN1 #98, it was agreed to 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. As shown in Table 1, Rel-15 DCI size budget will be broken if new DCI and Rel-15 non-fallback DCI are both configured. 
· If Rel-16 DCI size budget can be extended to ‘5+1’ that the total number of different DCI sizes configured to monitor is no more than 6 for the cell and the total number of different DCI sizes with C-RNTI configured to monitor is no more than 5 for the cell, then additional enhancement on DCI size alignment is no need. That means two additional new DCI sizes can be increased due to introduction of DCI format 0_2 and DCI format 1_2 and padding bits field for the two new DCI formats is not required. Note ‘5+1’ budget may require higher UE capability.
· If  Rel-16 DCI size budget can be extended to ‘4+1’ that the total number of different DCI sizes configured to monitor is no more than 5 for the cell and the total number of different DCI sizes with C-RNTI configured to monitor is no more than 4 for the cell, then additional enhancement on DCI size alignment is required. A simple way is aligning the two new DCI formats with padding bits. But if there is a large difference for the size between DCI format 0_2 and DCI format 1_2, more padding bits on one new DCI format is needed and downlink performance would be impacted. Another way is that which two DCI formats out of {DCI format 0_1, DCI format 1_1, DCI format  0_2, DCI format  1_2, DCI format 0_0/1_0} with size alignment can be configured. As shown in Table 1, both the new DCI formats and Rel-15 non-fallback DCI formats have wide size range and exact DCI size of each format is depended on RRC configuration. For example, one of new DCI formats will be configured to align with one of Rel-15 non-fallback DCI formats if the size of two aligned DCI formats are close to each other. Identifier flag for the size aligned DCI formats would be also configured.  
· If Rel-16 DCI size budget cannot be extended and is the same as Rel-15 DCI size budget ‘3+1’ i.e., the total number of different DCI sizes configured to monitor is no more than 4 for the cell and the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell, then more complicated size alignment operation is required. For example, DCI format 0_2 and DCI format 1_2 should be aligned, and DCI format 0_1 and DCI format 1_1 should be also aligned to avoid breaking size budget ‘3+1’. Note ‘3+1’ budget has no impact on UE capability.
Above all, considering both scheduling flexibility and UE capability, Rel-16 DCI size budget with extendtion to ‘4+1’ is a good trade-off here and the two DCI formats with size alignment operation can be configured.
Proposal 8: Rel-16 DCI size budget can be extended to ‘4+1’.
· Two DCI formats out of {DCI format 0_1, DCI format 1_1, DCI format  0_2, DCI format  1_2, DCI format 0_0/1_0} can be configured for size alignment if needed.
PDCCH monitoring capability
1.3 Span definition
The definition of PDCCH span was clarified in UE feature discussion in the RAN1#96BIS meeting, where there is a minimum time separation of X OFDM symbols (including the cross-slot boundary case) between the start of two spans, and each span is of length up to Y consecutive OFDM symbols of a slot, and many limitations on span per slot are also defined. In our view, the definition of PDCCH monitoring span in Rel-15 could be reused in Rel-16 URLLC. In one contribution [4], different span pattern across slot is suggested to efficiently accommodate use cases with non-uniform and the variations of monitoring occasions(MO) across slots. But different MO across slots have already been supported by the span pattern definition in Rel-15, which says that “In order to determine a suitable span pattern, first a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of any slot is part of a monitoring occasion, b(l)=0 otherwise.”  That means the span pattern is the same across all slots while the MO configuration could be different for different slots, which can accommodate different use cases. As a result, there may be empty span(s) for some of the slots but no need to change the definition of span. In another contribution [5], it is suggested that the definition of span separation/duration (X, Y) in FG-3-5b is reused for defining enhanced PDCCH monitoring capability in Rel-16, except for removing the following limitation: “The span duration is max{maximum value of all CORESET durations, minimum value of Y in the UE reported candidate value} except possibly the last span in a slot which can be of shorter duration.”. As agreed in RAN1 #98 meeting [4], the maximum value of C of the valid combinations is applied if multiple combinations of C(X, Y) are valid for the span pattern. Thus, modification on span definition for this reason is no basis. 
Proposal 9: Confirm the working assumption that the definition of PDCCH monitoring span in Rel-15 is reused in Rel-16 URLLC with no modification. 
1.4 [bookmark: _GoBack]Discussion on the combination of (X,Y)
In Rel-15, candidate values for (X, Y) are {(7, 3)} or {(4, 3) and (7, 3)} or { (2, 2) and (4, 3) and (7, 3)}. In RAN1 #98 meeting, it was agreed combination (2, 1) (4, 1) (4, 2) (7, 1) (7, 2) are not additionally introduced. The FFS point is whether additionally introduce combination (3, 3)  or (3, 2). The main motivation is to support 4 spans in a slot which some companies regard as an important case for URLLC. But this can be achieved by combination (2,2) in case of appropriate MO configuration. If the C value for combination (2,2) is similar with the C value for  combination (3,3), then there seems no strong motivation to introduce combination (3, 3) or (3, 2). That means introduce combination (3, 3) or (3, 2) mainly depends on details C value discussion. We slightly prefer not to introduce additional combination (3, 3) or (3, 2).
Proposal 10: We slightly prefer not to introduce additional combination (3, 3) or (3, 2).
1.5 The value of C for (X,Y,u)
For URLLC with strict low latency, multiple monitoring occasions within one slot is needed. To get the full benefits of PDSCH/PUSCH mapping type B with 2 OFDM symbol transmissions, it is necessary to configure PDCCH monitoring occasion of every 2 OFDM symbols. This means 7 PDCCH occasions are needed in one slot. Without any enhancement, there are up to 56 CCEs per slot for SCS = 15 KHz or 30 KHz as shown in Table 3. As a result there are only 8 CCEs for each occasion which means AL = 16 CCE cannot be used for satisfying the reliability of the UEs with low SINR. So the maximum number of non-overlapped CCEs should be increased compared with Rel-15.  
For the maximum number of blind decodes, there are up to 44 per slot for SCS = 15 KHz without any enhancement. Assuming there are 32 BDs for USS and 12 BDs for CSS (the same as LTE PDCCH), there are about 4 BDs for USS in each occasion. So the URLLC traffic scheduling is still workable with reduced BDs in each occasion. But the scheduling flexibility would be reduced and PDCCH blocking probability would be increased.
Table 3. The maximum number of BDs and CCEs per slot for Rel-15
	

	Max number of BDs
	Max number of non-overlapped CCEs

	0
	44 
	56 

	1
	36 
	56 

	2
	22 
	48 

	3
	20 
	32 


In LTE short TTI/URLLC, there are maximum 80 BDs and 138 CCEs per 1ms subframe. Similarly, the maximum number of BDs and CCEs per slot can be increased to twice of that in Rel-15 for NR URLLC in Rel-16.
Proposal 11: For NR URLLC in Rel-16, the maximum number of BDs/non-overlapped CCEs per slot can be increased to twice of that in Rel-15. 
Then, we can define the value of C for a certain (X,Y,u) by uniformly distributing the maximum non-overlapped CCEs per slot into each span. The number of spans used here is calculated by floor(14/X). The potential values of C are shown in Table 4 for SCS = 15 KHz as an example, and at least one candidate with aggregation level 16 can be supported for each span.
Table 4. Potential values of C for (X,Y) for SCS = 15 KHz
	X
	Y
	C

	2
	2
	16

	4
	3
	36

	7
	3
	56


Proposal 12: Potential aspects for defining the C for each (X,Y,u) include:
· The value of C for (X,Y,u) can be obtained by uniformly distributing the maximum number of non-overlapped CCEs per slot into each span. The number of span for calculation is floor(14/X).
· At least one candidate of aggregation level 16 can be supported for each (X,Y,u).
1.6 The limit on the maximum number of CCE per span
In RAN1 #98 meeting, it was agreed that the maximum value of C of the valid combinations is applied if multiple combinations of C(X, Y) are valid for the span pattern. If there only one span in the span pattern, how to apply the maximum value of C should be also discussed.
In case UE reports combination {(2, 2) and (4, 3) and (7, 3)} for a given SCS, and span pattern are shown in Figure 1. Span duration is two symbols, and the value of C(7,3) is applied according to the previous agreement. While, if there is only one span in the span pattern in every slot as shown in Figure 2, the maximum number of non-overlapped CCEs per slot per cell should be used. That means not the value of C(7,3).
[image: ]
Figure 1: An example of span pattern
[image: ]
Figure 2: An example of span pattern
Proposal 13: If UE reports the support of one or more combination of C(X, Y) for a given SCS, the maximum number of non-overlapped CCEs per slot per cell is applied if there is only one span in the span pattern in every slot.
1.7 How to handle Rel-15 capability and Rel-16 capability
It was agreed in RAN1 #98 meeting to down-select between Option 1 and Option 2, as shown below.
	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




For Option 1, PDCCH monitoring based on Rel-15 capability and based on Rel-16 capability are restricted to eMBB and URLLC respectively. It is confused the blind detection is based on Rel-15 capability or Rel-16 capability. If new DCI is designed only for scheduling URLLC traffic, then Option 1 is workable by configuring new DCI formats and Rel-15 non-fallback DCI into different USS. If both eMBB and URLLC traffic can be scheduled by new DCI, then Option 1 seems not workable at all. Because, before decoding these candidates, how to calculate these BD/CCE based on Rel-15 capability or Rel-16 capability is uncertain. 
For Option 2, PDCCH monitoring for both eMBB and URLLC based on Rel-15 capability or Rel-16 capability can be configured. Even Rel-16 capability is configured, the Rel-15 capability cannot be used for Option 2, which makes less attractive than Option 1. 
Above all, considering both eMBB and URLLC can be scheduled by Rel-15 non-fallback DCI, and it is a common understanding that new DCI designed for Rel-16 URLLC can also scheduling eMBB if needed. We propose that Option 1 should be supported with changing eMBB to Rel-15 DCI formats and URLLC to new DCI formats, i.e., PDCCH monitoring based on Rel-15 capability for legacy DCI in Rel-15 and PDCCH monitoring based on Rel-16 capability for new DCI in Rel-16 can be configured to a UE on the same carrier. In this case, Rel-15 capability and Rel-16 capability can be used simultaneously, and PDCCH monitoring based on Rel-15 capability and Rel-16 capability for both eMBB and URLLC can be  achieved. 
Proposal 14: Option 1 is supported with changing eMBB to Rel-15 DCI formats and URLLC to new DCI formats, i.e., PDCCH monitoring based on Rel-15 capability for legacy DCI in Rel-15 and PDCCH monitoring based on Rel-16 capability for new DCI in Rel-16 can be configured to a UE on the same carrier. 
1.8 Rel-16 PDCCH monitoring capability in CA scenario






[bookmark: _Hlk530114396]In Rel-15, if a UE is configured with  downlink cells with DL BWPs having SCS configuration , 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, 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. 


In Rel-16 CA, it was agreed in RAN1 #96 meeting that the limit of BDs/CCEs (per slot in the scheduling CC) for the scheduled CC is determined based on the numerology of the scheduling CC.  In the following, we will discuss how to apply Rel-16 PDCCH capability per span in CA scenarios, with assuming  is the maximum number of non-overlapped CCEs per span per cell with SCS configuration .
· 


Case 1: In case Rel-16 PDCCH span monitoring capability are supported for all scheduling CC, then the maximum number of non-overlapped CCEs per span with SCS configuration  can be obtained by similar rules in Rel-15 with corresponding revision like . Wherein,  can be a same parameter as defined in Rel-15 or a new parameter defined in Rel-16.
· 
Case 2: In case Rel-16 PDCCH span monitoring capability are supported for partial scheduling CC, e.g. scheduling CC with SCS = 60kHz or 120kHz don’t support Rel-16 PDCCH monitoring capability, how to calculate the maximum number of non-overlapped CCEs per span/slot with SCS configuration  should be discussed. 
· 



Alt.1.  is the total number of cells including all SCS. For the configured DL-CCs whose scheduling cell not supporting Rel-16 span monitoring capability, they can be regard as a special span with slot length, i.e.,(14,14,u), and  equals to . Then the maximum number of non-overlapped CCEs per span with SCS configuration  can be determined the same as Case 1. 
· 


Alt.2.   is the total number of cells including all SCS. For the configured DL-CCs whose scheduling cell supporting Rel-16 span monitoring capability, per span capability can firstly be translated to per slot capability, and the translated maximum number of non-overlapped CCEs per slot per cell is used for the cell with SCS configuration . Then the maximum number of non-overlapped CCEs per slot with SCS configuration  can be determined the same as Rel-15. However, this alternative may need more specification effort on how to translate per span capability to per slot capability.
· 




Alt.3.  is divided to  and  , representing the total number of cells whose scheduling cell is based on Rel-15 slot capability and is based on Rel-16 span capability respectively. Then, the maximum number of non-overlapped CCEs per slot with SCS configuration  and the maximum number of non-overlapped CCEs per span with SCS configuration  are calculated separately. 
In our views, Alt.1 is slightly preferred because it is simple and per span scheduling flexibility can be achieved. 


Proposal 15: The maximum number of non-overlapped CCEs per span with SCS configuration  can be determined by . 
· [image: ] is the total number of cells including all SCS. 
· 

For the configured DL-CCs whose scheduling cell not supporting Rel-16 span monitoring capability, they can be regard as a special span with slot length, and equals to . 
1.9 Dropping rules for Rel-16
If the maximum number of non-overlapped CCEs (or also including the maximum number of BDs) per span are introduced in Rel-16, then the dropping rules defined in Rel-15 should be reconsidered. As shown in Figure 3, if we reuse the dropping rules defined in Rel-15 without any change, then all the candidates in USS3 will be dropped even assuming the maximum number of non-overlapped CCEs per slot is 112 in case of SCS=15KHz. 
A potential way is to reuse the dropping rules defined in Rel-15 by applying the pseudo-code of handling PDCCH overbooking per span instead of per slot. Then the candidates in USS3 may not be dropped in some spans depending on the maximum number of non-overlapped CCEs of each span. Further optimization can be considered to avoid no candidates in one span or to keep as many candidates as possible in one span, such as dropping with candidate granularity. 
[image: ]
Figure 3: An example of span pattern
Proposal 16: PDCCH dropping rules for Rel-16 should be reconsidered by applying the pseudo-code of handling PDCCH overbooking per span instead of per slot. Dropping with candidate granularity can be considered.
Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: The agreed scheduling granularity (i.e., {2, 4, 8, 16}) for FDRA type 1 is sufficient and no need to introduce other values.
Proposal 2: There is no need to restrict the TDRA entries only with K0=0 for DCI format 1_2. 
Proposal 3: Support configurable number of bits (0 or 1 or 2 bits) for “Redundancy version” in the new DCI format for UL scheduling for Rel-16 URLLC.
· If 0 bit is configured, RV0 is used. 
· If 1 bit is configured, RV0 and RV3 are indicated dynamically  
Proposal 4: In case of 0 or 1 bit RV configured, applied redundancy version when pdsch-AggregationFactor, pusch-AggregationFactor or numberofrepetitions is present should be further clarified.
Proposal 5: Reuse Rel-15 RRC parameters for the following UL MIMO related fields in DCI format 0_2.
· txConfig, dmrs-Type, maxLength, and PTRS-UplinkConfig.
Proposal 6: Introducing the new RRC parameters listed below for UL MIMO related fields in DCI format 0_2.
· maxMIMO-Layers-ForDCIFormat0_2 in PUSCH-ServingCellConfig
· maxRank-ForDCIFormat0_2 in PUSCH-Config
· SRS-ResourceSet-ForDCIFormat0_2 (including srs-ResourceIdList and usage) in SRS-Config
· codebookSubset-ForDCIFormat0_2 in PUSCH-Config
· dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 and dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2 in PUSCH-Config
Proposal 7: If support 1 or 2 bits TCI in DCI format 1_2, a new MAC CE or a new RRC should be introduced to determine the size of 1 or 2 bits TCI.
Proposal 8: Rel-16 DCI size budget can be extended to ‘4+1’.
· Two DCI formats out of {DCI format  0_1, DCI format  1_1, DCI format  0_2, DCI format  1_2, DCI format 0_0/1_0} can be configured for size alignment if needed.
Proposal 9: Confirm the working assumption that the definition of PDCCH monitoring span in Rel-15 is reused in Rel-16 URLLC with no modification. 
Proposal 10: We slightly prefer not to introduce additional combination (3, 3) or (3, 2).
Proposal 11: For NR URLLC in Rel-16, the maximum number of BDs/non-overlapped CCEs per slot can be increased to twice of that in Rel-15. 
Proposal 12: Potential aspects for defining the C for each (X,Y,u) include:
· The value of C for (X,Y,u) can be obtained by uniformly distributing the maximum number of non-overlapped CCEs per slot into each span. The number of span for calculation is floor(14/X).
· At least one candidate of aggregation level 16 can be supported for each (X,Y,u).
Proposal 13: If UE reports the support of one or more combination of C(X, Y) for a given SCS, the maximum number of non-overlapped CCEs per slot per cell is applied if there is only one span in the span pattern in every slot.
Proposal 14: Option 1 is supported with changing eMBB to Rel-15 DCI formats and URLLC to new DCI formats, i.e., PDCCH monitoring based on Rel-15 capability for legacy DCI in Rel-15 and PDCCH monitoring based on Rel-16 capability for new DCI in Rel-16 can be configured to a UE on the same carrier. 


Proposal 15: The maximum number of non-overlapped CCEs per span with SCS configuration  can be determined by . 
· [image: ] is the total number of cells including all SCS. 
· 

For the configured DL-CCs whose scheduling cell not supporting Rel-16 span monitoring capability, they can be regard as a special span with slot length, and equals to . 
Proposal 16: PDCCH dropping rules for Rel-16 should be reconsidered by applying the pseudo-code of handling PDCCH overbooking per span instead of per slot. Dropping with candidate granularity can be considered.
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