
3GPP TSG RAN WG1 Meeting #99		                                    R1-1912168
Reno, USA, November 18th – 22nd, 2019

Source:	CATT
[bookmark: Title]Title:	PDCCH enhancements for URLLC
[bookmark: Source]Agenda Item:	7.2.6.1
[bookmark: DocumentFor]Document for:	Discussion and Decision

[bookmark: _Ref521334010]Introduction
[bookmark: _GoBack][bookmark: OLE_LINK15][bookmark: OLE_LINK16]Good progress has been made at the last meeting after extensive discussion on the content of new DCI scheduling DL and UL respectively. The key point for new DCI design is to harvest the benefit of a smaller payload via the configurability of each bit field. Although we have go through most of possible bit fields included in a new DCI format and identify which ones are configurable, there are some details needed to be fixed, e.g. how to configure the bit width and whether to introduce additional bit width compared to Rel-15. We give analyses from our point of view. Per the agreements achieved at RAN1#98 meeting, we now have a clear framework on PDCCH monitoring capability which gives a good guidance for stepping forward. In this contribution we further discuss the adequacy of Rel-15 PDCCH monitoring capacity for URLLC scheduling and possible enhancements thereof based on the framework made in the previous meeting. 
DCI format for URLLC scheduling
At the last meeting, we focused on the new DCI format design and got the clear picture on which bit fields included in the DCI are configurable. However, there are still some opening issues needed to be further discussed, e.g. how to configure the bit width for some bit field and whether to introduce additional bit width compared to that of Rel-15. In Table 1 and Table 2, we summarize all the agreed bit fields contained in a new DCI format for DL and UL scheduling respectively. Furthermore, analyses on several bit fields are provided following these tables.

Table 1 Content of the new DCI format for DL scheduling
	Field Name
	Bit width
	Comments

	Identifier
	1 bit
	

	Carrier indicator
	0-3 bits
	Separately configured for UL and DL

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

	Frequency-domain RA
	Depends on the BWP size and granularity.
	VRB group definition is still open

	Time-domain RA
	0-4 bits
	If new reference is configured, whether K0>0 can be configured within the same TDRA table is FFS.

	VRB-to-PRB flag
	0-1 bit. 
	If 0 bit is configured, non-interleaved VRB-to-PRB mapping as in Rel-15 is applied.

	Modulation and coding scheme 
	[3-5]
	FFS

	New data indicator
	1
	

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

	HARQ process number 
	0-4 bits
	

	DAI
	0-4 bits. 
	

	TPC command
	2 bit
	

	PUCCH resource indicator
	0-3 bits. 
	

	PDSCH-to-HARQ feedback indicator
	0-3 bits
	How to configure the bit width is FFS

	PRB bundling size indicator
	0-1
	

	Rate matching indicator
	0-2
	

	ZP CSI-RS trigger
	0-2
	

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

	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
	



Table 2 Content of the new DCI format for UL scheduling
	Field Name
	Bit width
	Comments

	Identifier 
	1 bits
	

	 Carrier indicator
	0-3 bits 
	Separately configured for UL and DL

	BWP indicator
	0-2 bits
	

	Frequency-domain RA
	Depends on the BWP size and granularity.
	VRB group definition is still open

	Time-domain RA
	0-4 bits
	

	Frequency hopping flag
	0-1 bit
	

	Modulation and coding scheme 
	[3-5]
	FFS

	New data indicator
	1 bit
	

	Redundancy version
	0-2 bits.
	FFS

	HARQ process number 
	0-4 
	

	DAI
	0-4 bits
	

	TPC command
	2 bits
	

	CSI Request
	0-6 bits
	

	SRS resource indicator
	0-4 bits
	FFS details of configuration

	Precoding information and number of layers
	0-6 bits
	FFS details of configuration.

	Antenna port(s)
	0 or 2 or 3 or 4 or 5 bits
	FFS details of configuration.

	SRS request
	0 or 2 or 3 bits 
	FFS details of configuration

	DMRS sequence initialization 
	0 or 1 bit, 
	If the field is present, then the number of bits is determined in the same way as in Rel-15.

	DMRS-PTRS association
	0 or 2 bits
	FFS details of configuration

	Padding bits
	
	

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



Although we have made extensive progresses on the DCI design, there are still some details needed to be discussed. In the following, we provide analyses on several open issues.
· FDRA: It was agreed to introduce a new RRC parameter to configure the scheduling granularity for frequency resource allocation type 1 and the detail values are also approved. 

Considering the nominal RBG partition for both uplink and downlink is achieved by the following procedure in an active BWP:
· 
the size of the first RBG is ,
· 

the size of last RBG is if  and P otherwise,
· the size of all other RBGs is P.
The intention is to achieve the same partition with PRG and guarantee the scheduling performance. The same mechanism should be applied to resource allocation type 1 with configurable granularity in order to align with the nominal RBG and PRG.

· TDRA: In email discussion [98b-NR-22],  it was agreed that using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV is supported which is only applicable to the entries with K0=0. It is still open whether other entries with K0>0 can also be included in the same TDRA table. We don’t see any reason to have a restriction on the TDRA table configuration. The new DCI format may be used for scheduling eMBB traffic or URLLC traffic depending on gNB. The cross slot scheduling is already supported in Rel-15 and gNB should have the same flexibility when it schedules eMBB traffic with new DCI format. Furthermore, cross-slot scheduling is even useful for URLLC, e.g. gNB wants to schedule a UE to receive the DL TB in the following slot in a case of there is no sufficient resources for scheduling in the current slot or BWP switching is triggered. 

· MCS: MCS table has significant impacts on the transmission/reception performance. It is possible to select a subset of current MCS table depending on the deployment scenarios, e.g. factory automation and power distribution can use different arrays of MCS. The arrays of a new MCS table (derived from the current MCS table) should be carefully chosen. Although URLLC traffic is typically transmitted with a low coding rate and low modulation order in order to achieve high reliability, high MCS level may be still touchable if channel condition is pretty good.  As the wireless channel is not static, we don’t see the motivation of using fixed MCS level. From our point of view, MCS bit field could be 3-5 bits to achieve a compromise of link adaption performance and DCI payload size reduction.

· PDSCH-to-HARQ feedback indicator: It was agreed that the bitwidth of PDSCH-to-HARQ feedback indicator can be configured as 0,1,2 or 3 bits. However, it is still open on how to configure, i.e. whether directly indicates the bit width or derives the bit width from a set of dl-DataToUL-ACK values. It should be noted that different dl-DataToUL-ACK sets could be configured for different codebooks, i.e. slot-level set and sub-slot-level set. Considering a new DCI format can be used to schedule different traffics associated with different priorities, i.e. URLLC traffic and eMBB traffic, it is insufficient to schedule eMBB traffic with a dl-DataToUL-ACK set targeting to sub-slot-level feedback, vice versa.  On the other hand, if the PDSCH-to-HARQ feedback indicator is decoupled with dl-DataToUL-ACK configuration, the same bit state can indicate a K1 associated with different codebooks depends on the priority of traffic.

· Beta offset indicator: Similar to PDSCH-to-HARQ feedback indicator, gNB should configure the bit width directly.

· Redundancy version for new UL DCI format: Given it is configurable for new DL DCI format, it is straightforward to reuse the same method, i.e. configurable with 0-2 bits.

· MIMIO-related bit fields for DL DCI format: The MIMO-related bit fields are configurable for the new DCI format scheduling DL data which can be disabled as well. However, there are still some details are needed to be fixed, e.g. whether to introduce additional bit width for TCI indicator and SRS request. The available TCI states are determined by the activation command carried by MAC CE and the total number may be less than 8. We don’t see any special specification effort for supporting 1 or 2 bits TCI. For SRS request, currently 2 or 3 bits are supported depending on whether SUL is configured or not. 2 bits are used to indicate which SRS resource set is used for aperiodic SRS transmission. It should be noted that one coding state is used to indicate whether aperiodic SRS is triggered or not. If 1 bit SRS request is supported, we need further determine how to use it, i.e. it indicate one of two SRS resource set or indicate whether aperiodic SRS is triggered or not. Given that additional bit width brings more flexibility on configuration and no specification impacts, we slightly support to configure TCI indicator with full range. 

· MIMO-related bit fields for UL DCI format: It was agreed that the following bit fields are supported for the new UL DCI format. Generally speaking, the same method for DL DCI format can be reused here, i.e. the following bit field can be disabled or enabled. The same way as in Rel-15 is reused to determine the number of bits once it is enabled. 










· SRS resource indicator (0 or 1 or 2 or 3 or 4 bits)
· FFS details of configuration
· Precoding information and number of layers (0 or 1 or 2 or 3 or 4 or 5 or 6 bits)
· FFS details of configuration
· Antenna port(s) (0 or 2 or 3 or 4 or 5 bits)
· FFS details of configuration
· SRS request (0 or 2 or 3 bits)
· FFS details of configuration
· DMRS sequence initialization (0 or 1 bit) 
· New RRC parameter is introduced to configure whether this field is present in the DCI or not
· If the field is present, then the number of bits is determined in the same way as in Rel-15
· DMRS-PTRS association (0 or 2 bits)
· FFS details of configuration



















Proposal 1: For both new DL DCI format and new UL DCI format, VRB group is defined same as RBG and PRG.

Proposal 2: For a TDRA table supporting new reference, K0>0 can be configured within the same TDRA table.

Proposal 3: Support the following configurable bit fields:
· MCS: 3-5 bits
· PDSCH-to-HARQ feedback indicator: configure its bit width directly
· Beta offset indicator: configure its bit width directly
· MIMIO-related bit fields: support full range configuration
· RV for UL: 0-2 bits

As agreed at the last meeting, one new DCI format for DL scheduling and one new DCI format for UL scheduling with configurable sizes for some fields are introduced in Rel-16. Typically, the new DCI format is used to schedule URLLC traffic with smaller payload size and restricted functionality compared to the non-fallback DCI defined in Rel-15. For an eMBB and URLLC capable UE, it needs to monitor three types of DCI format which are summarized in Table 3. 
As defined in Rel-15, a UE monitors Rel-15 fallback DCI scrambled with C-RNTI without any configuration. For example, it should monitor PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI in the Type1-PDCCH CSS set when a Type3-PDCCH CSS set or a USS set is not configured and it has received a C-RNTI. For Rel-15 non-fallback DCI, i.e. DCI format 0-1 and DCI format 1-1, full functionality could be supported and it’s beneficial for eMBB transmission. One argument may be the Rel-16 new DCI could also be used to schedule eMBB traffic.  It should be kept in mind that the requirement of eMBB traffic and URLLC traffic are quite different, e.g. some bit fields may be configured to the lower bound in order to achieve a much more compact DCI and some URLLC-specific may be configured which is useless to eMBB traffic. Always reuse Rel-16 new DCI format to schedule eMBB traffic will certainly bring some restriction to the eMBB scheduling. Hence it’s better to make sure gNB has the chance to configure both Rel-15 non-fallback DCI and Rel-16 new DCI simultaneously. Another argument may be that the current 3+1 DCI budget could be maintained via applying payload size alignment between DCI format 0-1 and DCI format 1-1. However, the bits gap between UL and DL DCI is typically large, which means the alignment procedure may impact the performance. Furthermore, it should be also noted that DCI alignment is only specified for fallback DCI hence the specification effort also needs to be considered. Therefore, it is straightforward to extend the current DCI budget from 3+1 to 4+1.
Table 3: Monitoring DCI format type
	DCI format type
	Number of payload sizes
	 Notes

	Rel-15 fallback DCI
	1
	Payload size alignment is already applied. Rel-15 fallback DCI is mandatory supported as it is essential for a UE to access to the network.

	Rel-15 non-fallback DCI
	2
	Generally speaking, UL and DL transmission usually has different payload size as they require different functionality and the alignment between DCI format 0-1 and DCI format 1-1 is not defined.

	Rel-16 new DCI 
	1
	Assume payload size alignment is applied to the new DL DCI format and new UL DCI format.

	Total number of DCI sizes corresponding to C-RNTI
	4
	



Proposal 4: Enhance the DCI size budget to 4+1 for Rel-16 URLLC.

On enhanced PDCCH monitoring capability
At RAN1#98 meeting, it was agreed to support (2,2) (4,3) (7,3) defined in UE feature 3-5b as the combination (X,Y) for Rel-16 PDCCH monitoring capability on the per-CC limit on the maximum number of non-overlapping CCEs for URLLC. Additional combinations (3,3) and (3,2) were raised to support 4 monitoring occasions within a slot. As pointed out in feature lead’s summary, 4 monitoring occasions can be achieved by either combination (4,3) or combination (2,2). There is no strong motivation to introduce such new combinations. Another open issue is whether the PDCCH monitoring capability enhancement is also applicable to 60 kHz and 120 kHz. Generally speaking, the motivation of PDCCH monitoring capability enhancement is to meet the 1ms end to end delay requirement.  In order to obtain a clear picture on how many MOs we need for 60 kHz,  we provide our worst-case latency analysis for completing a single-shot transmission (1 Tx) and two HARQ transmissions (2 Tx) using the NR Rel-15 N1/N2 capability #2 for FDD and60kHz in Table 4. We assumed two cases for gNB processing time assumptions to model different assumptions on the base station load as follow where X=4 for  60kHz SCS, the detail assumptions are provided in[1].
· Case 1: Processing time for scheduling the initial PDSCH is N2/2 + X.
· Case 2: Processing time for scheduling the initial PDSCH is N2+X. 
[bookmark: _Ref534637169][bookmark: _Ref1129966]Table 4: Latency analysis under Rel-15 N1/N2 values (FDD)
	gNB proc time assumption
	SCS (kHz)
	# MO/slot
	TTI (OS)
	DL

	
	
	
	
	1 Tx (ms)
	2 Tx (ms)

	Case 1
	60
	4
	2
	0.46
	0.96

	
	
	
	4
	0.53
	1.1

	
	
	
	7
	0.63
	1.21

	
	
	7
	2
	0.42
	0.92

	
	
	
	4
	0.49
	1.03

	
	
	
	7
	0.6
	1.17

	Case 2
	60
	4
	2
	0.55
	1.05

	
	
	
	4
	0.63
	1.2

	
	
	
	7
	0.73
	1.3

	
	
	7
	2
	0.52
	1.02

	
	
	
	4
	0.59
	1.13

	
	
	
	7
	0.7
	1.27



It can be observed that even assuming gNB has a more advanced capability, i.e. case1, at least 4 MOs are still necessary if 2 Tx is assumed.  Correspondingly, there are at most 12 non-overlapping CCEs can be allocated for each MO in average which results in the situation that high reliability cannot be guaranteed. Hence we think enhanced PDCCH monitoring capability should be at least applied to 60 kHz. 
Considering reliability of URLLC PDCCH is a critical factor to achieve the overall reliability requirement for URLLC transmission, large aggregation level should be guaranteed for each span, i.e. AL 16. From this perspective, we propose the maximum number of non-overlapping CCEs within a span should be at least sufficient for one AL 16 PDCCH candidate. 
Based on the above analyses, we have the following proposal for the combination of (X,Y) and the corresponding M.

Proposal 5: Different maximum number of non-overlapping CCEs should be defined for each span within different (X,Y) combinations. The following table could be considered as a starting point.
	
	SCS

	
	
	
	
	

	Combination(2,2)
	16
	16
	16
	16

	Combination(4,3)
	32
	32
	24
	24

	Combination(7,3)
	56
	56
	48
	48

	Note: Other cases are not precluded. A span should occupy min(3,X) consecutive OFDM symbols.



With extensively discussion, how to apply different PDCCH monitoring capability to a cell is narrowed down to the following two options and needed to be down selected:

· 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  
Option1 is feasible only if a UE has two separate hardwares for different CC operation.  On the other hand, it may not be sufficient in the case of CA as well, e.g. a UE supporting 4 CC is configured with 4 serving cells.  

Proposal 6: PDCCH monitoring for both eMBB and URLLC can be configured based on either Rel-15 capability or Rel-16 capability.

As aforementioned in option 2, gNB configures which capability is used. For a URLLC UE, it is a common understanding that the UE capability, especially non-overlapping CCEs, should be defined per span in order to avoid heavy burden within certain span. For a URLLC and eMBB capable UE, it has two different PDCCH monitoring capabilities, i.e. Rel-15 slot-level capability and Rel-16 span-level capability. Per span capability introduces some restrictions on the number of BD and/or non-overlapping CCEs within a span.  Hence gNB should configure which capability is used depending on the reported PDCCH monitoring capability.  For example, if a UE only reports capability (2,2,16), gNB should not configure Rel-15 PDCCH monitoring capability is used.
 
Conclusion
This contribution discussed possible PDCCH enhancements to adequately support Rel-16 URLLC use cases. Based on the discussion we have the following proposals:
Proposal 1: For both new DL DCI format and new UL DCI format, VRB group is defined same as RBG and PRG.

Proposal 2: For a TDRA table supporting new reference, K0>0 can be configured within the same TDRA table.

Proposal 3: Support the following configurable bit fields:
· MCS: 3-5 bits
· PDSCH-to-HARQ feedback indicator: configure its bit width directly
· Beta offset indicator: configure its bit width directly
· MIMIO-related bit fields: support full range configuration
· RV for UL: 0-2 bits

Proposal 4: Enhance the DCI size budget to 4+1 for Rel-16 URLLC.

Proposal 5: Different maximum number of non-overlapping CCEs should be defined for each span within different (X,Y) combinations. The following table could be considered as a starting point.
	
	SCS

	
	
	
	
	

	Combination(2,2)
	16
	16
	16
	16

	Combination(4,3)
	32
	32
	24
	24

	Combination(7,3)
	56
	56
	48
	48

	Note: Other cases are not precluded. A span should occupy min(3,X) consecutive OFDM symbols.



Proposal 6: PDCCH monitoring for both eMBB and URLLC can be configured based on either Rel-15 capability or Rel-16 capability.
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Appendix

At RAN1#98 meeting, the following agreements on URLLC PDCCH were achieved:[2]

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
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
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

At RAN1#98bis  meeting, the following agreements on URLLC PDCCH were achieved:[3]

Agreements:
Support configurable number of bits (0 or 1 bit) for “VRB-to-PRB mapping” in the new DCI format for DL scheduling for Rel-16 URLLC. 
· If 0 bit is configured, non-interleaved VRB-to-PRB mapping as in Rel-15 is applied.  

Agreements:
Support configurable number of bits (0 or 1 or 2 bits) for “Redundancy version” in the new DCI format for DL scheduling for Rel-16 URLLC.
· If 0 bit is configured, RV0 is used. 
· If 1 bit is configured, RV0 and RV3 are indicated dynamically  
Agreements:
· Support configurable number of bits (0 or 1 or 2 or 3 bits) for “Carrier indicator” for the new DCI formats scheduling Rel-16 URLLC.
· The number of bits for “carrier indicator” in the new DCI format for DL scheduling and the new DCI format for UL scheduling can be separately configured.

Agreements:
For the new DCI format for DL scheduling for Rel-16 URLLC, support configurable number of bits for the following fields:
· Antenna port(s) (0 or 4/5/6 bits)
· New RRC configuration parameters are introduced for this configuration
· Transmission configuration indication (0 or 3 bits)
· FFS 1 or 2 bits
· SRS request (0 or 2 or 3 bits)
· FFS 1 bit
· DMRS sequence initialization (0 or 1 bit) 

Agreements:
For resource allocation type 1 for frequency domain resource assignment for the new DCI formats scheduling Rel-16 URLLC, the possible configurable values for the scheduling granularity for starting point and length indication is {2, 4, 8, 16}. 
· If not configured, the granularity is 1 PRB. 
· FFS other possible values
Agreements:
For the new DCI format for UL scheduling for Rel-16 URLLC, support new RRC configuration for CSI Request and the corresponding table:
· #of bits: 0 or 1 or 2 or 3 or 4 or 5 or 6 bits, derived the same way as that of Rel-15 non-fallback DCI

Agreements:
For the new DCI format for UL scheduling for Rel-16 URLLC, support configurable number of bits for the following fields:
· SRS resource indicator (0 or 1 or 2 or 3 or 4 bits)
· FFS details of configuration
· Precoding information and number of layers (0 or 1 or 2 or 3 or 4 or 5 or 6 bits)
· FFS details of configuration
· Antenna port(s) (0 or 2 or 3 or 4 or 5 bits)
· FFS details of configuration
· SRS request (0 or 2 or 3 bits)
· FFS details of configuration
· DMRS sequence initialization (0 or 1 bit) 
· New RRC parameter is introduced to configure whether this field is present in the DCI or not
· If the field is present, then the number of bits is determined in the same way as in Rel-15
· DMRS-PTRS association (0 or 2 bits)
· FFS details of configuration
Agreements:
Support configurable number of bits (0 or 1 bit) for “Frequency hopping flag” in the new DCI format for UL scheduling for Rel-16 URLLC. 
· New RRC parameter is introduced to configure frequency hopping, and the number of bits is determined as the same way in Rel-15   
Agreements:
Support “BWP indicator (0 or 1 or 2 bits)” in the new DCI formats scheduling Rel-16 URLLC in the same way as in Rel-15.
· Same RRC parameters as that for DCI format 0_1/1_1 are used for this configuration.  

Agreements:
[bookmark: _Hlk22339633]Support “TPC command for scheduled PUCCH (2 bits)” in the new DCI format for DL scheduling for Rel-16 URLLC in the same way as in Rel-15 DCI format 1_0/1_1.

Agreements:
Support “TPC command for scheduled PUSCH (2 bits)” in the new DCI format for UL scheduling for Rel-16 URLLC in the same way as in Rel-15 DCI format 0_0/0_1.

Agreements:
Support the HARQ process number field in the new DCI format in DL and in the new DCI format in UL to be additionally configurable to 0 or 1 bit.
· The values of the HARQ process number field can map from 0 to 2^(the number of bits)-1. 
· Note: no additional specification effort for configuring 0 bit or 1 bit is expected
Agreements:
Reuse the same non-configurable 1 bit of “UL-SCH indicator” as in Rel-15 DCI format 0_1 for the new DCI format for UL scheduling 

Agreements:
Support “UL/SUL indicator (0 or 1 bit)” in the new DCI format for UL scheduling for Rel-16 URLLC as in Rel-15 DCI format 0_1. 
· Same RRC configuration for DCI format 0_1 and the new DCI format for UL scheduling 

Agreements:
Support configurable size for “PUCCH resource indicator (0 or 1 or 2 or 3 bits)” for the new DCI format for DL scheduling.  
· New RRC parameter is introduced to for the configuration
Agreements:
Support configurable size for “PDSCH-to-HARQ_feedback timing indicator (0 or 1 or 2 or 3 bits)” for the new DCI format for DL scheduling.  
· New RRC parameter is introduced to for the configuration

Agreements:
Support configurable size for “beta offset indicator (0 or 1 or 2 bits)” for the new DCI format for UL scheduling.  
· New RRC parameter is introduced to for the configuration
Agreements:
Support configurable size for “Downlink assignment index (0 or 1 or 2 or 4 bits)” for the new DCI format for UL scheduling.  
· New RRC parameter is introduced to for the configuration

Agreements:
Support configurable size for “Downlink assignment index (0 or 1 or 2 or 4 bits)” for the new DCI format for DL scheduling.  
· New RRC parameter is introduced to for the configuration
Additionally, the following two agreements were approved via email:

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.
Agreements:
PDSCH mapping type A is not supported with the new reference.

oleObject1.bin

image3.wmf
(

)

P

N

N

RBG

size

i

BWP

start

i

BWP

size

last

mod

,

,

+

=


oleObject2.bin

image4.wmf
(

)

0

mod

,

,

>

+

P

N

N

size

i

BWP

start

i

BWP


oleObject3.bin

image2.wmf
P

N

P

RBG

start

i

BWP

size

mod

,

0

-

=


