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Introduction
In RAN1 98bis, 99 and 100e, some agreements on PDCCH enhancement for NR URLLC were achieved, however there are still some remaining issues on new DCI format design and PDCCH monitoring capability. In this document, the remaining issues are focused.
Discussion
1.1 New DCI format design
· For downlink assignment index field, the bit-field meaning is not clear. For example, 2 bit- DAI, there are two cases: one case is that when dynamic HARQ-ACK codebook with two HARQ-ACK  sub-codebooks is configured, 1-bit for the first DAI and 1bit for the second DAI, the other case is that when dynamic HARQ-ACK codebook without two HARQ-ACK  sub-codebooks is configured, 2-bit for dynamic HARQ-ACK codebook without two HARQ-ACK  sub-codebooks. To make bit-field meaning clear, the condition for the corresponding bit-size is added.
In additional, for case that more than one PUCCH multiplexing in one PUSCH, how to indicate total DAI needs further study [3].
· For PDSCH-to-HARQ_feedback timing indicator, the agreement is to introduce new RRC parameter to support configurable size. However, current spec is to configure PDSCH-to-HARQ_feedback timing set by dl-DataToUL-ACK-ForDCIFormat1_2, which is different from agreement. So it is suggested to modify specification to keep align with agreement.
1.2 Text proposals for new DCI format
According to discussion in 2.1 and agreement in appendix, TP is proposed for TS 38.212.
--------------------------------------------------Text proposal for TS38.212--------------------------------------------------
	[bookmark: _Toc29326609][bookmark: _Toc29327759]7.3.1.1.3	Format 0_2
DCI format 0_2 is used for the scheduling of PUSCH in one cell. 
The following information is transmitted by means of the DCI format 0_2 with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTI or MCS-C-RNTI:
……
-	Downlink assignment index – 0, 1, 2 or 4 bits
-	0 bit if the higher layer parameter Downlinkassignmentindex-ForDCIFormat0_2 is not configured;
-	1, 2 or 4 bits otherwise,
-	1st downlink assignment index – 1 or 2 bits:
-	1 bit for semi-static HARQ-ACK codebookif higher layer parameter Downlinkassignmentindex-ForDCIFormat0_2 is configured as 1;
-	1 bit for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks if higher layer parameter Downlinkassignmentindex-ForDCIFormat0_2 is configured as 2; 
-	2 bits for dynamic HARQ-ACK codebook without two HARQ-ACK sub-codebooks if higher layer parameter Downlinkassignmentindex-ForDCIFormat0_2 is configured as 2;
-	2 bit for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks if higher layer parameter Downlinkassignmentindex-ForDCIFormat0_2 is configured as 4.
-	2nd downlink assignment index – 0, 1 or 2 bits
-	2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks if higher layer parameter Downlinkassignmentindex-ForDCIFormat0_2 is configured as 4;
-	1 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks if higher layer parameter Downlinkassignmentindex-ForDCIFormat0_2 is configured as 2;
-	0 bit otherwise.
When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the Downlink assignment index in DCI format 0_2 for one HARQ-ACK codebook is not equal to that of the Downlink assignment index in DCI format 0_2 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller Downlink assignment index until the bit width of the Downlink assignment index in DCI format 0_2 for the two HARQ-ACK codebooks are the same.
[bookmark: _Toc29326613][bookmark: _Toc29327763]7.3.1.2.3	Format 1_2
DCI format 1_2 is used for the scheduling of PDSCH in one cell. 
The following information is transmitted by means of the DCI format 1_2 with CRC scrambled by C-RNTI or CS-RNTI or MCS-C-RNTI: 
……
[bookmark: OLE_LINK44]-	Downlink assignment index – 0, 1, 2 or 4 bits
[bookmark: OLE_LINK43]-	0 bit for semi-static HARQ-ACK codebookif the higher layer parameter Downlinkassignmentindex-ForDCIFormat1_2 is not configured;
-	1, 2 or 4 bits determined by higher layer parameter Downlinkassignmentindex-ForDCIFormat1_2 otherwise,
-	4 bits if more than one serving cell are configured in the DL and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic and higher layer parameter Downlinkassignmentindex-ForDCIFormat1_2 is configured as 4, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI；
-	2 bits if more than one serving cell are configured in the DL and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic and higher layer parameter Downlinkassignmentindex-ForDCIFormat1_2 is configured as 2, where the 1 MSB bits are the counter DAI and the 1 LSB bits are the total DAI；
-	1 or 2 bits if only one serving cell is configured in the DL and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic and higher layer parameter Downlinkassignmentindex-ForDCIFormat1_2 is configured as 1 or 2, where the 1 bit or 2 bits are the counter DAI.
When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the Downlink assignment index in DCI format 1_2 for one HARQ-ACK codebook is not equal to that of the Downlink assignment index in DCI format 1_2 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller Downlink assignment index until the bit width of the Downlink assignment index in DCI format 1_2 for the two HARQ-ACK codebooks are the same.
……
-     PDSCH-to-HARQ_feedback timing indicator – 0, 1, 2, or 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]. The bitwidth for this field is determined as  bits, where I is the number of entries inconfigured by the higher layer parameter dl-DataToUL-ACK-ForDCIFormat1_2.



Proposal 1: Agree the above TPs to 38.212 Sec. 7.3.1.1.3 & Sec. 7.3.1.2.3 to clarify the meaning of DAI field and align spec with agreement on PDSCH-to-HARQ_feedback timing indicator.
1.3 PDCCH monitoring capability 
Non-overlapped CCE number
To support URLLC, 7 monitoring occasion per slot should be supported, especially for cell center and middle UE.  For cell edge UE, PDSCH/PUSCH duration may be longer to satisfy URLLC reliability, so frequent monitoring occasion cannot provide benefit for cell edge UE due to the bottleneck of latency is PDSCH/PUSCH duration. So for cell edge UE, monitoring occasion number per slot is still small.
For frequent monitoring occasion, e.g. 7 per slot, the maximum number of non-overlapped CCE could be smaller, e.g. 8, to mainly support cell center or middle UE. For normal monitoring occasion, e.g. 2 per slot, the maximum number of non-overlapped CCE needs to be larger, e.g. 32, to support cell edge UE. Considering PDCCH resource efficiency, e.g. balance between PDCCH resource sharing and PDCCH blockage, more non-overlapped CCE is required ,e.g. the above value are doubled or close to doubled value.
Table 1 the maximum number of non-overlapped CCE per PDCCH monitoring span for 30kHz
	
	X
	Y
	C

	
	
	
	u=1

	Combination 1
	2
	2
	16

	Combination 2
	4
	3
	32

	Combination 3
	7
	3
	56



Proposal 2: 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 listed in Table 1.
PDCCH monitoring candidates
Similar as non-overlapped CCE number, the number of PDCCH monitoring candidates per slot is around double of Rel-15 capability, as shown in the Table 2.
Table 2 the maximum number of PDCCH monitoring candidates per PDCCH monitoring span for 30kHz
	
	X
	Y
	M

	
	
	
	u=1

	Combination 1
	2
	2
	10

	Combination 2
	4
	3
	24

	Combination 3
	7
	3
	36



Proposal 3: The per-CC limit on the maximum number of PDCCH monitoring candidates per PDCCH monitoring span for a certain combination (X, Y,) is listed in Table2.

PDCCH monitoring capability for misaligned span pattern among multiple carriers
One working assumption on PDCCH monitoring capability  for aligned span pattern among multiple carriers is achieved in RAN1 100e, however, it is still an open issue for misaligned span pattern case, including back-to-back case, as shown in the Figure 1. To avoid additional UE complexity, the total number of non-overlapping CCE per the overlapped span group should not be more than   and the total number of PDCCH candidates per the overlapped span group should not be more than  .For example, if the UE reports pdcchMonitoringCA-r16=1 with (7,3,56) , and is configured by 2 CCs. Due to Span1 in CC1 and Span 1 in CC2, Span2 in CC1 and Span 1 in CC2, Span2 in CC1 and Span 2 in CC2 are overlapped for each set, Then  
Number of non-overlapped CCE for Span1 in CC1+ Number of non-overlapped CCE for Span1 in CC2<
Number of non-overlapped CCE for Span2 in CC1+ Number of non-overlapped CCE for Span1 in CC2<
Number of non-overlapped CCE for Span2 in CC1+ Number of non-overlapped CCE for Span2 in CC2<


Figure 1 Misaligned span pattern among two carriers
As shown in the Figure 2, the example in left figure satisfies the above rule however the example in right figure does not satisfy the above rule due to C_span 2 in CC1+ C_span 1 in CC2 is larger than 56.


  
Left                                                                                 Right
Figure 2   Examples for misaligned span pattern among two carriers
Proposal 4:  If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs for each  overlapped span group on the active DL BWP(s) of scheduling cell(s) from the downlink cells 
Proposal 5:If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than PDCCH candidates for each overlapped span group on the active DL BWP(s) of scheduling cell(s) from the serving cells
PDCCH overbooking and dropping
In Rel-15, PDCCH overbooking is allowed in any slot, so it is nature to allow PDCCH overbooking in any span regardless of whether CSS is present in a span. Moreover, it is not clear how much UE complexity will increased by frequent PDCCH overbooking and dropping. So considering time limit, PDCCH overbooking is allowed in any span regardless of whether CSS is present in a span.
Proposal 6: PDCCH overbooking is allowed in any span regardless of whether CSS is present in a span.
In Rel-15, if the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring all PDCCH candidates in the search space sets with highest search space set indices in span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j, i.e. no partial dropping in any search space set. Although Rel-15 solution may lead redundant PDCCH dropping, but it can be avoided by reasonable PDCCH configuration. So it is suggested to remain the Rel-15 PDCCH dropping rule.
Proposal 7: No enhancement on Rel-15 PDCCH dropping rule.
Conclusions
In this contribution, we show our views on PDCCH enhancement for URLLC with following proposals:
Proposal 1: Agree the above TPs to 38.212 Sec. 7.3.1.1.3 & Sec. 7.3.1.2.3 to clarify the meaning of DAI field and align spec with agreement on PDSCH-to-HARQ_feedback timing indicator.
Proposal 2: 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 listed in Table 1.
Proposal 3: The per-CC limit on the maximum number of PDCCH monitoring candidates per PDCCH monitoring span for a certain combination (X, Y,) is listed in Table2.
Proposal 4:  If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs for each overlapped span group on the active DL BWP(s) of scheduling cell(s) from the downlink cells 
Proposal 5:If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than PDCCH candidates for each overlapped span group on the active DL BWP(s) of scheduling cell(s) from the serving cells
Proposal 6: PDCCH overbooking is allowed in any span regardless of whether CSS is present in a span.
Proposal 7: No enhancement on Rel-15 PDCCH dropping rule.
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Appendix
Table A-1 and A-2 summarize agreements for configurable fields and fields supporting new feature in DCI format 0_2. Table A-3 and A-4 summarize agreements for configurable fields and fields supporting new feature in DCI format 1_2.
Table A- 1 Configurable field for DCI format 0-2
	Field
	Agreement
	Configurable bit-width

	Identifier for DCI formats
	Keep the following two fields without any change from Rel-15 DCI in DCI format scheduling Rel-16 URLLC:
· Identifier for DCI formats (1 bit) (when applicable)
· New data indicator (1 bit)

	1

	Carrier indicator
	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.

	0,1,2,3

	UL/SUL indicator
	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 

	0,1

	Bandwidth part indicator
	
	

	Frequency domain resource assignment
	For frequency domain resource assignment for the new DCI format 0_2/1_2, resource allocation type 0 is supported without any change from Rel-15
· Support dynamic switching between resource allocation type 0 and type 1
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  
· Option 2: Separate configurable starting point granularity and length indication granularity 
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
	- bits for type 0 only] bits for  type 1 only] bits when both type 0 and 1 are configured

	Time domain resource assignment
	
	

	Frequency hopping flag
	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
	0,1

	Modulation and coding scheme
	Support 5 bit “modulation and coding scheme” in DCI format 0_2/1_2 as in Rel-15 without any change.
New RRC parameter to support the MCS table selection for DCI format 0_2. Same mechanism as in Rel-15 is used for MCS table selection. 
New RRC parameter to support the MCS table selection for DCI format 1_2. Same mechanism as in Rel-15 is used for MCS table selection. 
· No new RNTI is introduced for the above two agreements
	5

	New data indicator
	Keep the following two fields without any change from Rel-15 DCI in DCI format scheduling Rel-16 URLLC:
· Identifier for DCI formats (1 bit) (when applicable)
· New data indicator (1 bit)
	1

	Redundancy version
	
	

	HARQ process number
	Support separate configurable number of bits (2 or 3 or 4 bits) for “HARQ process number” for new DCI formats for scheduling DL and UL
· FFS 0 or 1 bits
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
	0,1,2,3,4

	Downlink assignment index
	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
	0,1,2,4

	TPC command
	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.
	2

	SRS resource indicator
	For “SRS resource indicator” in DCI format 0_2, 
· Introduce new RRC parameters maxMIMO-Layers-ForDCIFormat0_2 and srs-ResourceSetToAddModList-ForDCIFormat0_2 
· The number of bits for SRS resource indicator field in DCI format 0_2 is determined in the same way as Rel-15 DCI format 0_1. 
Same RRC configuration by Rel-15 higher layer parameter txConfig is applied to both DCI formats 0_1 and 0_2 
	
 or bits

	Precoding information and number of layers
	For “precoding information and number of layers” in DCI format 0_2 
· Introduce new RRC parameters maxRank-ForDCIFormat0_2 and codebookSubset-ForDCIFormat0_2. 
· The number of bits for precoding information and number of layers in DCI format 0_2 is determined in the same way as Rel-15 DCI format 0_1. 
	0,1,2,3,4,5,6

	Antenna port
	For “Antenna port” in DCI format 0_2 
· Introduce new RRC parameters dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 and dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2. 
· If none of the above two RRC parameters is configured, then 0 bit for “Antenna port” in DCI format 0_2 (the port follows the same port index as in the fallback DCI)
· Otherwise, the number of bits for “Antenna port” in DCI format 0_2 is determined in the same way as Rel-15 DCI format 0_1.
	0,2,3,4,5

	SRS request
	Support new RRC configuration for “SRS request” in DCI format 0_2 
· Introduce new RRC parameters SRSRequest-ForDCIFormat0_2 with the candidate value {1, 2}. 
· If the RRC parameter SRSRequest-ForDCIFormat0_2 is not configured, then 0 bit for “SRS request” in DCI format 0_2. 
· If the parameter SRSRequest-ForDCIFormat0_2 is configured to value 1, 1 bit is used to indicate one of the first two rows of Table 7.3.1.1.2-24 in TS 38.212 for triggered aperiodic SRS resource set.
·  If the value 2 is configured, 2 bits are used to indicate one of the rows of Table 7.3.1.1.2-24 in TS 38.212 as in Rel-15.
· When UE is configured with supplementaryUplink, an extra bit (the first bit of the SRS request field) is used for the non-SUL/SUL indication. 
	0,1,2,3

	CSI request
	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

	0,1,2,3,4,5,6

	PTRS-DMRS association
	Support new RRC configuration for “PTRS-DMRS association” in DCI format 0_2 
· Introduce new RRC parameters PTRS-UplinkConfig-ForDCIFormat0_2. 
· Reuse the Rel-15 procedure to determine the field size for PTRS-DMRS association field of DCI format 0_1 for the new DCI format 0_2.

	0,2

	Beta-offset indicator
	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
	0,1,2

	DMRS sequence initialization
	For the new DCI format for UL scheduling for Rel-16 URLLC, support configurable number of bits for the following fields:
· 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
	0,1

	UL-SCH indicator
	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 
	1



Table A-2 Updated or new feature for DCI format 0-2/0-1
	Field
	Agreement
	Configurable bit-width

	Time domain resource assignment
	For the dynamic indication of the number of repetitions for dynamic grant:
· Jointly coded with SLIV in TDRA table, by adding an additional column for the number of repetitions in the TDRA table 
· The maximum TDRA table size is increased to 64
· No other spec impact is expected
The column on the number of repetitions numberofrepetitions is always present in PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_1 and PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_2.
· For DG with PUSCH repetition type A, if numberofrepetitions is present in the corresponding TDRA table, the number of repetitions is given by numberofrepetitions. Elseif the UE is configured with pusch-AggregationFactor, the number of repetitions is given by pusch-AggregationFactor. Otherwise the number of repetitions is 1.
· For DG with PUSCH repetition type B, the number of repetitions is given by numberofrepetitions.
· Note that pusch-TimeDomainAllocationList-ForDCIformat0_1/2 needs to be configured for PUSCH repetition type B.

	0,1,2,3,4,5,6

	Frequency hopping flag
	For frequency hopping for Rel-16 PUSCH, the number of actual hopping locations in frequency is 2.
In case frequency hopping is enabled for Rel-16 PUSCH, to determine the frequency locations of the two hops, reuse Rel-15 RRC parameters and equations for format 0_1, and introduce new RRC parameters (same as those of Rel-15) for new DCI UL format. 
· FFS time domain hopping pattern
For PUSCH repetition type B, support the following frequency hopping:
· Inter-PUSCH-repetition FH
· Details FFS
· Inter-slot FH
· FFS Intra-PUSCH-repetition FH
	0,1

	Downlink assignment index
	When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)
	0,1,2,4

	Beta-offset indicator
	When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)
	0,1,2

	Open-loop power control parameter set indication
	For a DG-PUSCH, an open-loop parameter set indicated to the UE by scheduling DCI using a separate field than SRI is supported. 
· FFS number of bits for the indication
For DG-PUSCH, one bit (separately from SRI) in UL grant is used to indicate the open loop power control parameter set 
· Introduce one new RRC parameter that contains one additional P0-PUSCH-Set per SRI
· The one bit indication is present in the UL grant when the above new RRC parameter is configured 
· If present, the one bit in the DCI is used to switch between the P0 value from the existing P0-PUSCH-AlphaSet and the P0 value from the newly configured P0-PUSCH-Set
To determine the P0 value in case SRI is not configured in the DCI
· Option 1A: The open-loop power control parameter set indication field in the DCI can be configurable to be 1 or 2bits
· P0-PUSCH-Set can provide up to two P0 values
· UE uses the P0 values according to open loop power control indication field in DCI 
· UE use P0 from P0-PUSCH-AlphaSet when open-loop power control parameter set indication field is 1bit and “0” is indicated, or open-loop power control parameter set indication field is 2bits and “00” is indicated
· Open-loop power control parameter set indication field can be separately configurable for DCI format 0_1 and DCI format 0_2
· If open-loop power control parameter set indication field is not present for a DCI format, use P0 from P0-PUSCH-AlphaSet
· A single configuration of P0-PUSCH-Set applies to both DCI format 0_1 and DCI format 0_2

	0,1,2

	Priority indicator
	When a single PDSCH/PUSCH processing timeline is configured in the carrier, at least when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP, a DCI format (from the formats 0_1/1_1/0_2/1_2) can be used to schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities. 
· 1-bit field in DCI can be configured as the PHY identification of the priority
· No indication of different priorities by DCI formats 0_0/1_0
	0,1

	Invalid symbol pattern indicator
	For DG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, introduce a first RRC parameter that indicates one pattern for invalid symbols for PUSCH transmission repetition type B applicable to both DCI format 0_1 and 0_2, and introduce a second RRC parameter for each of DCI format 0_1 and 0_2 to indicate the presence of an additional bit in the DCI to indicate whether the pattern applies or not.
· If the first RRC parameter is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· If the first RRC parameter is configured and the additional bit exists in a DCI, 
· Value ‘0’ means semi-static flexible symbols are used for PUSCH, and segmentation occurs only around semi-static DL symbols.
· Value ‘1’ means that segmentation occurs around semi-static DL symbols and invalid symbols in the pattern, and the remaining symbols are used for PUSCH.
· If the first RRC parameter is configured and the additional bit does not exist in a DCI, segmentation occurs around semi-static DL symbols and invalid symbols in the pattern, and the remaining symbols are used for PUSCH.
· The first RRC parameter reuses the pattern definition of rateMatchPattern in time domain for PDSCH.
	0,1



Table A-3 Configurable field for DCI format 1-2
	Field
	Agreement
	Configurable bit-width

	Identifier for DCI formats
	Keep the following two fields without any change from Rel-15 DCI in DCI format scheduling Rel-16 URLLC:
· Identifier for DCI formats (1 bit) (when applicable)
· New data indicator (1 bit)
	1

	Carrier indicator
	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.
Support configurable number of bits for the following fields for DL DCI format scheduling Rel-16 URLLC.
· Carrier indicator (0 bit or at least one non-zero bit)
· PRB bundling size indicator (0 or 1 bit)
· Rate matching indicator (0, 1 or 2 bits)
· ZP CSI-RS trigger (0, 1 or 2 bits)

	0, 1, 2 or 3

	Bandwidth part indicator
	
	0, 1 or 2

	Frequency domain resource assignment
	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
For frequency domain resource assignment for the new DCI format 0_2/1_2, resource allocation type 0 is supported without any change from Rel-15
· Support dynamic switching between resource allocation type 0 and type 1 

	

	Time domain resource assignment
	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
Other entries with K0>0 can also be included in the same TDRA table where new reference of the SLIV is applied to the entries with K0=0 for DCI format 1_2. 
· For other entries (if any) in the same TDRA table, the reference is slot boundary as in Rel-15
The new reference of SLIV is not expected to be configured for a serving cell configured to be scheduled with cross-carrier scheduling
· Applies only for the case of different numerologies
	0, 1, 2, 3, or 4

	VRB-to-PRB mapping
	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
	0 or 1

	PRB bundling size indicator
	Support configurable number of bits for the following fields for DL DCI format scheduling Rel-16 URLLC.
· Carrier indicator (0 bit or at least one non-zero bit)
· PRB bundling size indicator (0 or 1 bit)
· Rate matching indicator (0, 1 or 2 bits)
· ZP CSI-RS trigger (0, 1 or 2 bits)
	0 or 1

	Rate matching indicator
	Support configurable number of bits for the following fields for DL DCI format scheduling Rel-16 URLLC.
· Carrier indicator (0 bit or at least one non-zero bit)
· PRB bundling size indicator (0 or 1 bit)
· Rate matching indicator (0, 1 or 2 bits)
· ZP CSI-RS trigger (0, 1 or 2 bits)
	0, 1, or 2

	ZP CSI-RS trigger
	Support configurable number of bits for the following fields for DL DCI format scheduling Rel-16 URLLC.
· Carrier indicator (0 bit or at least one non-zero bit)
· PRB bundling size indicator (0 or 1 bit)
· Rate matching indicator (0, 1 or 2 bits)
· ZP CSI-RS trigger (0, 1 or 2 bits)
	0, 1, or 2

	Modulation and coding scheme
	Support 5 bit “modulation and coding scheme” in DCI format 0_2/1_2 as in Rel-15 without any change.
	5

	New data indicator
	Keep the following two fields without any change from Rel-15 DCI in DCI format scheduling Rel-16 URLLC:
· Identifier for DCI formats (1 bit) (when applicable)
· New data indicator (1 bit)

	1

	Redundancy version
	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  

	0, 1, or 2

	HARQ process number
	Support separate configurable number of bits (2 or 3 or 4 bits) for “HARQ process number” for new DCI formats for scheduling DL and UL
· FFS 0 or 1 bits
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
	0, 1, 2, 3 or 4

	Downlink assignment index
	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
	0, 1, 2 or 4

	TPC command for scheduled PUCCH
	[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.
	2

	PUCCH resource indicator
	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
	0, 1, 2, or 3

	PDSCH-to-HARQ_feedback timing indicator
	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
	0, 1, 2, or 3

	Antenna port
	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) 
	0, 4, 5, or 6

	Transmission configuration indication
	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) 
Support additional 1 or 2 bits for “Transmission configuration indication” in DCI format 1_2 
· The candidate value of range for tci-PresentInDCI-ForDCIFormat1_2 is {1, 2, 3} 
· 0 bit for “Transmission configuration indication” in DCI format 1_2 if tci-PresentInDCI-ForDCIFormat1_2 is not configured
· Same RRC configuration on the TCI state list for DCI format 1_1 and DCI format 1_2
· Same TCI states for DCI format 1_1 and DCI format 1_2 are activated by MAC CE
· If 1 bit is configured, then the first two TCI states activated by MAC CE can be dynamically indicated by this 1 bit for single TRP
· If 2 bits is configured, then the first four TCI states activated by MAC CE can be dynamically indicated by this 2 bits for single TRP
	0, 1, 2, or 3

	SRS request
	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) 
Support new RRC configuration for “SRS request” in DCI format 1_2 
· Introduce new RRC parameters SRSRequest-ForDCIFormat1_2 with the candidate value {1, 2}. 
· If the RRC parameter SRSRequest-ForDCIFormat1_2 is not configured, then 0 bit for “SRS request” in DCI format 1_2. 
· If the parameter SRSRequest-ForDCIFormat1_2 is configured to value 1, 1 bit is used to indicate one of the first two rows of Table 7.3.1.1.2-24 in TS 38.212 for triggered aperiodic SRS resource set.
·  If the value 2 is configured, 2 bits are used to indicate one of the rows of Table 7.3.1.1.2-24 in TS 38.212 as in Rel-15.
· When UE is configured with supplementaryUplink, an extra bit (the first bit of the SRS request field) is used for the non-SUL/SUL indication.
	0, 1, 2 or 3

	DMRS sequence initialization
	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) 
	0,1




Table A-4 Updated or new feature for DCI format 1-2/1-1
	Field
	Agreement
	Configurable bit-width

	Downlink assignment index
	When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,  all Rel-16 parameters in PUCCH configuration related to HARQ-ACK feedback can be separately configured for different HARQ-ACK codebooks except for following:
· FFS: For PUCCH-SpatialRelationInfo
· Note: SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList are not related to HARQ-ACK feedback.
· FFS: For other UCI types, e.g. SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList.
· FFS: At least one HARQ-ACK codebook follows R15 PUCCH configuration.

When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)
	0, 1, 2 or 4

	PUCCH resource indicator
	When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,  all Rel-16 parameters in PUCCH configuration related to HARQ-ACK feedback can be separately configured for different HARQ-ACK codebooks except for following:
· FFS: For PUCCH-SpatialRelationInfo
· Note: SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList are not related to HARQ-ACK feedback.
· FFS: For other UCI types, e.g. SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList.
· FFS: At least one HARQ-ACK codebook follows R15 PUCCH configuration.
	0, 1, 2, or 3

	PDSCH-to-HARQ_feedback timing indicator
	When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,  all Rel-16 parameters in PUCCH configuration related to HARQ-ACK feedback can be separately configured for different HARQ-ACK codebooks except for following:
· FFS: For PUCCH-SpatialRelationInfo
· Note: SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList are not related to HARQ-ACK feedback.
· FFS: For other UCI types, e.g. SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList.
· FFS: At least one HARQ-ACK codebook follows R15 PUCCH configuration.

When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)
	0, 1, 2, or 3

	Priority indicator
	When a single PDSCH/PUSCH processing timeline is configured in the carrier, at least when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP, a DCI format (from the formats 0_1/1_1/0_2/1_2) can be used to schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities. 
· 1-bit field in DCI can be configured as the PHY identification of the priority
· No indication of different priorities by DCI formats 0_0/1_0
	0,1
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