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Introduction
The following were agreed in RAN1#96bis and RAN1#97 for DL control signaling enhancements. Overall, the remaining issues on DL control signaling enhancements for Rel-16 URLLC are well understood and this contribution outlines corresponding conclusions.

Agreements:
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)

Agreements:
The following fields from Rel-15 DCI format 1_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the DL DCI format scheduling Rel-16 URLLC. 
· Modulation and coding scheme for TB 2
· New data indicator for TB 2
· Redundancy version for TB 2
· CBG transmission information 
· CBG flushing information 

Agreements:
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)

Agreements:
The following field from Rel-15 DCI format 0_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the UL DCI format scheduling Rel-16 URLLC: 
· CBG transmission information 

Agreements:
· Support configurable TDRA table as in Rel-15 DCI format 1_1 (i.e. 0, 1, 2, 3 or 4 bits for time domain resource assignment) for the DL DCI format scheduling Rel-16 URLLC

Agreements:
Support at least resource allocation type 1 for frequency domain resource assignment for the DCI format scheduling Rel-16 DL URLLC with one of the following modifications compared to Rel-15: 
· Option 1: a single configurable scheduling granularity applicable for both the starting point and length indication
· Alt.1: The scheduling granularity reuses the RBG sizes for RA 0 and can be configured between configuration 1 and 2 as in Rel-15
· Alt. 2: A new RRC parameter to configure the scheduling granularity  
· Option 2: Separate configurable starting point granularity and length indication granularity 

Agreements:
Take the following framework as the working assumption for defining the limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span: 
· PDCCH monitoring span follows the definition in UE feature 3-5b as a starting point  
· FFS whether any modification needed  

Agreements:
· The per-CC limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span for a certain combination (X, Y, ) is C
· FFS aspects related to UE capability
· FFS the limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is same or different across different spans within a slot 
· Example of combinations as shown in the following table:
· FFS the value of C
· Companies are encouraged to report the potential aspects that have impact on the value of C 
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	Note: The table here doesn’t mean increased PDCCH monitoring capability is supported for all SCS. N/A can be filled in the corresponding cell for the SCS not applicable 


· FFS interaction with Rel-15-based limitation, e.g., whether to increase the limit for PDCCH monitoring case 1 under the increased PDCCH monitoring capability on the maximum number of non-overlapped CCEs per slot for channel estimation  


PDCCH for URLLC
DCI Formats
Table 1 and Table 2 list the fields of DCI format 0_1 and DCI format 1_1. Comments are included for the configurability of the fields. Configurability for the size of any field does not introduce a functional specification impact. The DCI format identifier bit and the CRC/RNTI are not considered. New fields are also not considered as their necessity needs to first be determined.

Table 1: DCI format 0_1
	Field 
	Field size for URLLC DCI format - Comments

	Carrier indicator
	Configurable from 0 to 3. Even though CA is not meaningful for URLLC, cross-carrier scheduling should be supported as in Rel-15 (e.g. for a UE with both MBB and URLLC services). No functional specification impact.

	UL/SUL indicator
	0 or 1 - as in Rel-15

	BWP indicator
	Configurable from 0 to 2 as in Rel-15 

	FDRA
	Resource allocation type 1 

	TDRA
	Configurable from 0 to 4 - as in Rel-15 (agreed in RAN1#97 for the DL)

	Frequency hopping flag
	Configurable (0 or 1). No functional specification impact

	Modulation and coding scheme 
	Configurable from 3 to 5. No need to always support QAM64 and possibly QAM16. No functional specification impact (higher entries of MCS table are not addressable if the field has less than 5 bits)

	New data indicator
	1 bit (agreed in RAN1#96bis)

	Redundancy version
	Configurable. No need to have full gain from IR for small TBs. No functional specification impact.

	HARQ process number 
	Configurable. Peak data rates are not an objective for typical URRLC applications and some require 1 ms PHY layer latency. No functional specification impact.

	TPC command for PUSCH 
	0 bits (the gNB may have no information for adjusting a PUSCH transmission power) or 2 bits

	SRS resource indicator
	As in Rel-15

	Precoding information and number of layers
	As in Rel-15

	Antenna ports
	As in Rel-15

	SRS request
	Configurable. No functional specification impact

	CSI request
	As in Rel-15 

	CBG transmission information (CBGTI)
	Not supported (agreed in RAN1#96bis)

	PTRS-DMRS association
	As in Rel-15

	beta_offset indicator
	0 bits or 2 bits - as in Rel-15

	DMRS sequence initialization
	As in Rel-15

	UL-SCH indicator
	1 bit, fixed an in Rel-15 




Table 2: DCI format 1_1
	Field 
	Field size for URLLC DCI format - Comments

	Carrier indicator
	Configurable from 0 to 3. Even though CA is not meaningful for URLLD, cross-carrier scheduling should be supported as in Rel-15 (e.g. for a UE with both MBB and URLLC services). No functional specification impact.

	BWP indicator
	Configurable from 0 to 2 - as in Rel-15 – may also not support this field

	FDRA
	Resource allocation type 1 using the Rel-15 RBG sizes for resource allocation 0 (Option 1, Alt. 1)

	TDRA
	Configurable from 0 to 4 - as in Rel-15 (agreed in RAN1#97)

	VRB-to-PRB mapping
	As in Rel-15

	PRB bundling size indicator
	As in Rel-15 (agreed in RAN1#96bis)

	Rate matching indicator
	As in Rel-15 (agreed in RAN1#96bis)

	ZP CSI-RS trigger
	As in Rel-15 (agreed in RAN1#96bis)

	Modulation and coding scheme 
	Configurable from 3 to 5. No need to always support QAM64 and possibly QAM16. No functional specification impact (higher entries of MCS table are not addressable if the field has less than 5 bits)

	New data indicator
	1 bit (agreed in RAN1#96bis)

	Redundancy version
	Configurable. No need to have full gain from IR for small TBs. No functional specification impact.

	HARQ process number 
	Configurable. Peak data rates are not an objective for typical URRLC applications and some require 1 ms PHY layer latency. No functional specification impact.

	Downlink Assignment Index 
	Configurable. Codebook-based HARQ-ACK may not be configured - the UE can operate as in Rel-15 prior to codebook configuration. No functional specification impact.

	TPC command for PUCCH 
	0 bits (the gNB may have no information for adjusting a PUCCH power with a TPC command) or 2 bits

	PUCCH resource indicator
	As in Rel-15. No functional specification impact 

	PDSCH-to-HARQ feedback timing indicator
	As in Rel-15. Interpretation can be further discussed for TDD operation

	Antenna ports
	As in Rel-15

	Transmission configuration indication
	Configurable. No functional specification impact

	SRS request
	Configurable. No functional specification impact

	CBG transmission information (CBGTI)
	Not supported (agreed in RAN1#96bis)

	CBG flushing out information (CBGFI)
	Not supported (agreed in RAN1#96bis)

	DMRS sequence initialization
	Configurable. No functional specification impact




Additional comments:
a) BWP indicator: Considering that the primary use of BWPs is UE power savings for FTP-type traffic and further considering the delay associated with BWP switching, there is no apparent need to support dynamic BWP indication for URLLC services. However, as this feature is optional for Rel-15 UEs and as the network can configure the number of bits to be 0 (i.e. no BWP indicator in the DCI formats), the Rel-15 configuration can be followed (and support for dynamic BWP switching can remain an optional UE feature in Rel-16).
b) FDRA: In RAN1#97, it was agreed to support only allocation type 1 for the PDSCH. For typical BWP sizes (e.g. 10 MHz or more as required to support relatively large CCE aggregation levels over 1 or 2 symbols), DCI overhead reduction by increasing the resource allocation granularity from one RB to multiple RBs is minimal. The main/only consideration is therefore to support simple coexistence of Rel-15 UEs and Rel-16 URLLC UEs and avoid BW fragmentation. Consequently, the scheduling granularity should reuse the Rel-15 RBG sizes for resource allocation 0 and can be configured between configuration 1 and 2 as in Rel-15 (Option 1, Alt. 1).  
c) TDRA: One remaining issue is whether the start/end of the CORESET is the reference point or the start of the slot as in Rel-15. It is inefficient and possibly problematic for URLLC to use the first slot symbol as reference for the TDRA – the start or end of the CORESET scheduling is preferable. If needed, the gNB can avoid scheduling across the slot boundary. 
d) Frequency hopping flag and VRB-to-PRB mapping: Dynamic change between “distributed” and “localized” mapping is not needed for most URLLC applications as reception robustness for small data packets has little/no benefit from frequency domain scheduling. Although frequency diverse transmissions are expected to be scheduled for URLLC, the configuration of 1 bit in the DCI format for FH flag or for VRB-to-PRB mapping can remain as in the non-fallback DCI formats in Rel-15. 
e) TPC command: Due to the sporadic nature of URLLC transmissions, there is typically nothing for a gNB to regularly receive in order to track fading variations. Further, if open loop power adjustments are enabled, as in Rel-15 using the SRI functionality, there is no reason for TPC commands in general.
f) MCS: The majority of URLLC applications considered in Rel-16 (other than AR/VR) require low BLER for relatively small TBS. Always dimensioning the MCS field to indicate all Rel-15 MCS values (including the highest ones) will represent useless signaling for most URLLC applications. Therefore, the MCS field size should be configurable to M bits addressing the first 2^M entries of the Rel-15 MCS table. 
g) HARQ process number: Rel-15 already supports a configurable number of HARQ processes for configured grant transmissions and, for most Rel-16 URLLC applications, the latency requirements do not allow for more than one retransmission especially for the lower SCS values. Therefore, the number of bits in the HARQ process number field should be configurable.  
h) RV: Similar arguments as for the HARQ process number apply. In most applications, the number of retransmissions will be small, including the possibility for no retransmissions. Also, for the smallest TBS values, there is practically no benefit from IR. Therefore, the RV field size should be configurable.
i) Fields for HARQ-ACK: Same configurability as for DCI formats 0_1 and 1_1 in Rel-15. No need/time to consider multiplexing for MBB HARQ-ACK and URLLC HARQ-ACK in Rel-16. Not all URLLC applications require instantaneous HARQ-ACK feedback. Interpretation of HARQ-ACK timing indicator should be further discussed for operation with flexible duplex (TDD bands). 
j) Remaining fields: All other fields from DCI formats 0_1 and 1_1 should remain as in Rel-15 to support the corresponding functionalities that can be configurable. 

Another topic of discussion has been whether to introduce a new format for Rel-16 URLLC or modify the Rel-15 DCI formats. It is unclear what a “modified” Rel-15 DCI format is if not a new DCI format. For example, for a UE that supports only Rel-16 URLLC, is a DCI format that is ~10 bits smaller in size than DCI format 0_0/1_0 and has different interpretation for some fields (e.g. for FDRA) or potentially new fields, a “modified” DCI format 0_0/1_0? Similar to MTC/NB-IoT in LTE, introducing new DCI formats is the straightforward/simplest approach.  

Observation 1: The DCI formats for URLLC are by default new DCI formats.


To meet the limit of 3 unicast DCI formats per slot for a UE supporting both MBB and URLLC, the gNB can dimension the size of the DCI formats for URLLC to be same as for DCI formats 0_0/1_0 or as DCI format 0_1 or as DCI format 1_1. Handling of the DCI format size in CSS and USS can be same as for the fallback DCI formats in Rel-15. If the network prefers to maintain a small size for the DCI formats for URLLC (e.g. 10-16 bits less than the size of DCI formats 0_0/1_0), padding can be considered to apply so that DCI formats 0_1 and 1_1 have same size.  

Observation 2: The network can ensure that the limit of 3 unicast DCI formats is met for a UE supporting both MBB and URLLC. Same size for DCI format 0_1 and 1_1 can be considered. No change relative to Rel-15 is needed for the UE implementation.
 

UE Capability for PDCCH monitoring 
For feature group 3-5b (FG 3-5b), all PDCCH monitoring occasions can be in any OFDM symbol(s) of a slot with a span gap. The PDCCH monitoring occasions of FG 3-5b are those of FG 3-1 (basic PDCCH monitoring capability for MBB) and additional PDCCH monitoring occasion(s) after the third symbol of the slot can be in any symbol(s). For any two PDCCH monitoring occasions in same or different search space sets, where at least one PDCCH monitoring occasion is not the PDCCH monitoring occasion of FG 3-1, there is a minimum time separation of X symbols (including the cross-slot boundary case) between the start of two spans. Each span is of length up to Y consecutive symbols. The number of different start symbol indices of spans for all PDCCH monitoring occasions per slot, including PDCCH monitoring occasions of FG 3-1, is no more than floor(14/X) (X is minimum among values reported by UE). The number of PDCCH monitoring occasions per slot, including PDCCH monitoring occasions of FG 3-1, is no more than 7. A UE can perform additional PDCCH monitoring within a slot (beyond the maximum values for PDCCH candidates and non-overlapping CCEs defined in Rel-15), as long as the additional PDCCH monitoring is after X symbols from the previous one. 

The value of X depends on the UE implementation and pairs of (X, Y) is a reported UE capability. The larger the number of non-overlapping CCEs or the number of PDCCH candidates at a PDCCH monitoring occasion is, the larger the value of X need to be. Depending on the value of X, the value of Y can also affect the UE capability with the larger the value of Y, the smaller the number of non-overlapping CCEs or the number of PDCCH candidates at a PDCCH monitoring occasion. Although not clearly stated in FG 3-5b, pairs of (X, Y) need to be a UE reported capability per SCS (similar to the maximum number of non-overlapping CCEs and PDCCH candidates depending on the SCS).

The Rel-16 URLLC WI needs to first define the minimum value of X. An attempt was made in RAN1#96bis through the following Table 1. For example, X can be 2/7/7 symbols for 15/30/60 kHz SCS. Once this is defined, the maximum number of PDCCH candidates and the number of non-overlapping CCEs per PDCCH monitoring occasion, with successive PDCCH monitoring occasions separated by X symbols, need to be defined as part of the UE capability discussions. Inputs on the number of non-overlapped CCEs for pairs of (X, Y) for various SCS are provided in Table 1. If X can be assumed to be greater than Y (i.e. if consecutive PDCCH monitoring occasions are separated by at least one symbol), the value of Y is not relevant. 

Table 1: Maximum number of non-overlapping CCEs as a function of the span duration and the SCS.
	　
	X
	Y
	Maximum number of non-overlapped CCEs per span

	
	
	
	=0
	=1
	=2
	=3

	Case 1
	1
	1
	32
	32
	16
	TBD

	Case 2
	2
	1
	48
	48
	32
	16

	Case 3
	2
	2
	[48]
	[48]
	[32]
	[16]

	Case 4
	4
	1
	56
	56
	48
	32

	Case 5
	4
	2
	56
	56
	48
	32

	Case 6
	4
	3
	56
	56
	48
	32

	Case 7
	7
	1
	56
	56
	48
	32

	Case 8
	7
	2
	56
	56
	48
	32

	Case 9
	7
	3
	56
	56
	48
	32

	Rel-15 reference (per slot)
	56
	56
	48
	32 




By a UE informing a serving gNB of supported (X, Y) pairs, it is a gNB implementation issue how the gNB configures the UE for PDCCH monitoring related to URLLC and potentially also to MBB services. There is no need to define separate capabilities at different parts of a slot (e.g. beginning of slot vs. elsewhere in slot) as the UE hardware capability is what it is. Further, for determining search space sets to potentially drop, although it is reasonable for a UE to prioritize dropping for search space sets associated only with DCI formats for MBB services, it is a gNB implementation issue to assign smaller indexes to the latter search space sets and the Rel-15 procedure suffices. 

Therefore, all that is needed for PDCCH monitoring in URLLC is to define a UE capability as in Table 1. There is no need for any other additional specification support relative to Rel-15. Whether the numbers are specified or can be reported as a UE capability can be further discussed. Having them fixed in the specification, as in Rel-15, is preferable as this can simplify network operation and as a minimum UE capability will anyway need to be specified. 

Proposal 1: Determine relevant span gaps for Rel-16 URLLC and define a new UE capability for maximum number of overlapping CCEs (and PDCCH candidates) as a function of the span gap.


Conclusions
This contribution considered aspects related to DL control signaling for Rel-16 URLLC and proposes the following.

Proposal 1: Determine relevant span gaps for Rel-16 URLLC and define a new UE capability for maximum number of overlapping CCEs (and PDCCH candidates) as a function of the span gap.


In addition, the following observations are made.

Observation 1: The DCI formats for URLLC are by default new DCI formats.

Observation 2: The network can ensure that the limit of 3 unicast DCI formats is met for a UE supporting both MBB and URLLC. Same size for DCI format 0_1 and 1_1 can be considered. No change relative to Rel-15 is needed for the UE implementation.
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