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1. Introduction
In RAN1#96bis, following agreements were made for PDCCH enhancements for URLLC [1]:
	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 



In this contribution we provide our views on the necessary PDCCH enhancements for URLLC.

2. DCI format(s)
2.1	UL DCI format
The DCI format(s) for URLLC should enable various DCI sizes with configurable fields/field sizes according to higher-layer configuration. Possible UL DCI format for URLLC is summarized in Table 1. Here, already agreed fields and its size are highlighted in red.
Table. 1	Possible UL DCI format for URLLC.
	Field
	Size
	Note (our view)

	Identifier
	1
	

	Carrier indicator
	0 or 1 or 2 or 3
	Should not only be 0 or 3 bits for flexibility

	UL/SUL indicator
	0 or 1
	

	BWP indicator
	0 or 1 or 2
	

	FDRA
	Point 1
	See discussion below.

	TDRA
	0 or 1 or 2 or 3 or 4
	

	FH flag
	0 or 1
	

	MCS
	Point 2
	See discussion below.

	NDI
	1
	

	RV
	0 or 1 or 2
	It is relatively easy to realize variable field size

	HPN
	0 or 1 or 2 or 3 or 4
	It is relatively easy to realize variable field size

	DAI related
	Point 3
	See discussion below.

	TPC command
	2
	

	SRS resource indicator
	0 or 1 or 2
	

	Precoder info and no. layers
	0 or 1 or 2
	

	Antenna ports
	0 or 1 or 2 or 3 or 4 or 5
	

	SRS request
	0 or 1 or 2 or 3
	Should not only be 2 or 3 bits for flexibility

	CSI request
	0 or 1 or 2 or 3 or 4 or 5 or 6
	

	CBGTI
	0 or 2 or 4 or 6 or 8
	

	PTRS-DMRS association
	0 or 2
	

	Beta-offset indicator
	0 or 1 or 2
	

	DMRS sequence initialization
	0 or 1
	

	UL-SCH indicator
	0 or 1
	Should not only be 1 bit for flexibility

	[Repetition factor]
	Point 4
	See the discussion below.

	[Priority indicator]
	Point 5
	See the discussion below.

	Padding bits, if any
	
	

	Total payload
	
	



In general, most of the fields should be configurable based on the higher-layer configuration. Assuming some fields, e.g., ‘Identifier’ ‘NDI’, ‘TPC command’, ‘UL-SCH indicator’ have fixed number of bits, the total DCI size can be 4 + FFS bits, where the FFS depends on further clarifications on Points 1 – 5.
Proposal 1:
· Agree Table 1 as the starting point for further discussion of UL DCI format.
· Enable the sizes of ‘Carrier indicator’, ‘RV’, ‘HPN’, ‘SRS request’ to be flexibly configurable.

Point 1: FDRA
FDRA field consumes a lot of bits of the DCI, where exact number of bits of the FDRA field depends on the size of the BWP and the RA Type.
[image: ]
Fig. 1	Number of bits in the FDRA field for a given BWP size.
There are various ways to compress the field.
· Opt.1: Using narrower/appropriate BWP
For RA Type 1, FDRA field size is smaller as the number of RBs in the BWP decreases. For RA Type 0, some particular BWP size results in less number of bits in the FDRA field. Since the BWP bandwidth can be UE-specifically configurable, just configuring appropriate BWP size is one of the simple solutions without any specification impact. Even for RA Type 0 with Configuration 1, the size of FDRA field can be down to 10 bits with relatively large BWP size e.g., 160 RBs in the BWP. For RA Type 0 with Configuration 2, the size of FDRA field can be down to 6 bits with the BWP size of 96 RBs.
However, data scheduling cannot be beyond the size of the BWP and therefore, this solution is highly restrictive. Particularly, if the carrier is used for a UE to deliver eMBB traffic as well as URLLC traffic, the eMBB throughput is degraded due to narrow bandwidth constraint of the BWP in the Opt.1.
· Opt.2: Enhance the concept of “RB bundle” 
One possibility is to introduce another Configuration for RA Type 0, in which the size of a RB bundle at least for larger BWP is larger, e.g., 32 RBs. Another possibility is to introduce RB bundle concept for RA Type 1, in which the unit of RIV for RA Type 1 is changed from a RB to a RB bundle. In either case, the size of FDRA field for relatively wider BWP can be reduced.
· Opt.3: Introduce TDRA method for FDRA
For example, a UE can be configured with M entries for FDRA. Then, one of the M entries is indicated by the FDRA field. In this case, the size of the FDRA field can be down to . This is exactly same as for TDRA.
From the above options, options 2 and/or 3 are more preferred compared to option 1, especially when the traffic for the UE is not limited to small URLLC packets. Exact solution(s) can be further discussed taking into account the above analysis. Possible target size of the minimum of FDRA field could be, e.g., 10 bits, when the BWP size is 275 RBs. Note that unless necessary, existing FDRA should also be applicable; the minimum of FDRA field should be configurable.
Proposal 2:
· Adopt one of the following for a configurable FDRA field compression.
· Enhance the concept of “RB bundle”, or;
· Introduce TDRA method for FDRA.
· Note: target size of the minimum of FDRA field could be 10 bits even when the BWP size is 275RBs.

Point 2: MCS
MCS field has always 5 bits in the current DCI formats. For some particular use-cases, such wide range of MCS values may not be necessary. Therefore, it is possible to make it also be configurable as other fields. For MCS field, unlike other fields, it is necessary to take into account that there are some values indicated as “reserved”, which are used for re-transmission. Even if the number of bits of the MCS field is reduced, it is necessary to enable having the reserved values for flexibility of resource allocation for re-transmission.
Proposal 3:
· Consider how/whether to reduce the size of MCS field.
· The values indicated as “reserved” should be kept even if the number of bits of the MCS field is reduced.

Point 3: DAI related
In a DCI format 0_0, the DAI is not included. In a DCI format 0_1, the DAI has 1 bit for semi-static CB, while it has 2 or 4 bits for dynamic CB (4 bits is for two HARQ-ACK sub-codebooks). It should be necessary to design the DAI field taking into account that URLLC PUSCH may or may not include HARQ-ACK for URLLC and/or HARQ-ACK for eMBB. The overall design should first be discussed/agreed in the agenda for UCI enhancements.
Point 4: Repetition factor
Depending on the outcome of the discussion for PUSCH enhancements, it may or may not be necessary to introduce an explicit indication field for repetition factor in the scheduling DCI. Same as most of the other fields, this field size should be configurable including zero-bit. The maximum number of bits can be 2 or 3.
Point 5: Priority indication
Depending on the outcome of the discussion for intra-UE multiplexing/prioritization, it may or may not be necessary to introduce an explicit indication field for priority in the scheduling DCI. Same as most of the other fields, this field size should be configurable including zero-bit. The maximum number of bits can be 1.
Proposal 4:
· Discuss the fields for ‘downlink assignment index’, ‘repetition factor’, and ‘priority indication’, after following aspects are progressed.
· UCI enhancements: resource collision between HARQ-ACK vs PUSCH
· PUSCH enhancements: whether/how to indicate the repetition factor of a PUSCH transmission
· Intra-UE mux/prioritization: whether/how to indicate priority of multiple transmissions

2.1	DL DCI format
The DCI format(s) for URLLC should enable various DCI sizes with configurable fields/field sizes according to higher-layer configuration. Possible DL DCI for URLLC is summarized in Table 2. Here, already agreed fields and its size are highlighted in red.
Table. 2	Possible DL DCI format for URLLC.
	Field
	Size
	Note (our view)

	Identifier
	1
	

	Carrier indicator
	0 or 1 or 2 or 3
	Should not only be 0 or 3 bits for flexibility

	BWP indicator
	0 or 1 or 2
	

	FDRA
	Point 1
	See discussion below.

	TDRA
	0 or 1 or 2 or 3 or 4
	

	VRB-to-PRB mapping
	0 or 1
	

	PRB bundling size indicator
	0 or 1
	

	Rate-matching indicator
	0 or 1 or 2
	

	ZP CSI-RS indicator
	0 or 1 or 2
	

	MCS
	Point 2
	See discussion below.

	NDI
	1
	

	RV
	0 or 1 or 2
	It is relatively easy to realize variable field size

	HPN
	0 or 1 or 2 or 3 or 4
	It is relatively easy to realize variable field size

	DAI related
	Point 6
	

	TPC command
	2
	

	PUCCH resource indicator
	0 or 1 or 2 or 3
	It is relatively easy to realize variable field size

	PDSCH-to-HARQ timing indicator
	0 or 1 or 2 or 3
	

	Antenna ports
	0 or 1 or 2 or 3 or 4 or 5 or 6
	Should not only be 4 or 5 or 6 bits for flexibility

	Transmission configuration indication
	0 or 1 or 2 or 3
	Should not only be 0 or 3 bits for flexibility

	SRS request
	0 or 1 or 2 or 3
	Should not only be 2 or 3 bits for flexibility

	[CBGTI]
	[0 or 2 or 4 or 6 or 8]
	FFS: whether CBG is supported

	[CBGFI]
	[0 or 1]
	FFS: whether CBG is supported

	DMRS sequence initialization
	0 or 1
	

	[Repetition factor]
	Point 7
	See the discussion below.

	[Priority indicator]
	Point 5
	See the discussion below.

	Padding bits, if any
	
	

	Total payload
	
	



Same as for DL DCI format, most of the fields should be configurable based on the higher-layer configuration. Assuming some fields, e.g., ‘Identifier’ ‘NDI’, ‘TPC command’ have fixed number of bits, the total DCI size can be 4 + FFS bits, where the FFS depends on further clarifications on Points 1 – 7. Besides, we suggest 3 bits for the maximum field size of ‘Carrier indicator’ rather than 2 bits in order to accommodate more flexibility on achievable performance. Note that we assume DL DCI format for URLLC data does not support two TBs by one DL DCI. Hence, following proposal is made.
Proposal 5:
· Agree Table 2 as the starting point for further discussion of DL DCI format.
· Enable the sizes of ‘Carrier indicator’, ‘RV’, ‘HPN’, ‘Antenna ports’, ‘Transmission configuration indication’, ‘SRS request’ to be flexibly configurable.
· The DL DCI format schedules no more than one transport block.

On FDRA, MCS, and priority indicator, the discussions already presented in Section 2.1 are directly applied. In the following, point 6 and point 7 are discussed.
Point 6: DAI related
In a DCI format 1_0, the DAI has 2 bits. In a DCI format 1_1, the DAI has 4 bits for dynamic CB with multiple serving cells and has 2 bits for dynamic CB with single serving cell; otherwise no DAI field. Same as for DAI in the UL grant, it should be necessary to design the DAI field taking into account that URLLC PUSCH may or may not include HARQ-ACK for URLLC and/or HARQ-ACK for eMBB. The overall design should first be discussed/agreed in the agenda for UCI enhancements.
Point 7: Repetition factor
For PDSCH, there has been no discussion on potential enhancements of repetitions. Nevertheless, we consider that if/once enhancement is agreed for PUSCH, it should also be applicable to PDSCH. Whether the repetition factor should be indicated by the DL DCI format also depends on the outcome of the discussion for PUSCH enhancements.
Proposal 6:
· Discuss the fields for ‘downlink assignment index’, ‘repetition factor’, and ‘priority indicator, after following aspects are progressed.
· UCI enhancements: HARQ-ACK feedback for resource collision between PDSCH vs PDSCH
· PUSCH enhancements: whether/how to indicate the repetition factor of a PDSCH transmission
· Intra-UE mux/prioritization: whether/how to indicate priority of multiple transmissions

3. Increased PDCCH monitoring capability
For the Rel.15 NR, the limits of PDCCH BDs/CCEs are specified as following:
	

Table 10.1-2: Maximum number of monitored PDCCH candidates per slot for a single serving cell as a function of the subcarrier spacing value  kHz, 
	

	
Maximum number of monitored PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20





Table 10.1-3: Maximum number of non-overlapped CCEs per slot for a single serving cell as a function of the subcarrier spacing value  kHz, 
	

	
Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32






For URLLC, due to stringent requirements for latency and reliability, PDCCH monitoring should be more frequent. In the RAN1 #96bis meeting, monitoring span defined as feature group (FG) 3-5b was discussed that is expected to support enhanced monitoring capability. The definition of FG3-5b is excerpted in the following:
	3-5b
	 All PDCCH monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a span gap
	PDCCH monitoring occasions of FG-3-1, plus additional  PDCCH monitoring occasion(s) after third symbol can be any OFDM symbol(s) of a slot for Case 2, and for any two PDCCH monitoring occasions, where at least one of them is not the monitoring occasions of FG-3-1, in same or different search spaces, there is a minimum time separation of X OFDM symbols (including the cross-slot boundary case) between the start of two spans, where each span is of length up to Y consecutive OFDM symbols in which PDCCH is configured to be monitored with same start symbol. For the set of monitoring occasions which are within the same span:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD

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.



From this definition, it is understandable that the granularity of monitoring occasion gets shorter from slot to OFDM symbol compared to FG3-1. Thus, maximum number of non-overlapped CCEs and BDs can be defined per OFDM symbol with this definition. This enables UE to achieve more flexible PDCCH monitoring which leads to higher reliability. In our understanding, the span patterns and monitoring occasions within one span in current FG3-5b seems flexible enough to support URLLC. The FG3-5b can be a good baseline UE capability regarding PDCCH monitoring occasions to support the URLLC traffic. Regarding the maximum number non-overlapped CCEs, we think enhancements are necessary to match with the monitoring occasions to support URLLC traffic requiring low latency and high reliability. For example: 
For SCS = 15kHz, possible PDCCH monitoring occasion can be, e.g., per 2-symbol = per 0.14us. Assuming that PDSCH and/or PUSCH scheduling occasion is per 2-symbol, according to the above tables, each PDCCH monitoring occasion can have up to 6 PDCCH candidates and 8 non-overlapped CCEs. Assuming the UE should be able to receive DL assignment and UL grant at one time of PDCCH monitoring occasion, each PDCCH (i.e., DL assignment or UL grant) can have up to 4 CCEs. This means that for this particular case, the PDCCH aggregation level cannot be higher than AL = 4.
For SCS = 30kHz, if the number of PDCCH monitoring occasions per slot is 4, the average periodicity of PDCCH monitoring is 125us. In this case, each PDCCH monitoring occasion can have up to 9 PDCCH candidates and up to 16 CCEs. For this particular case, the PDCCH aggregation level cannot be higher than AL = 8 assuming that the UE may receive a DL assignment and a UL grant at one time. Still in this case, two PDCCHs of AL=16 at one monitoring occasion cannot be accommodated.
For SCS = 60kHz, it is preferable to enable PDCCH monitoring twice per slot = per 125us.Then, each PDCCH monitoring occasion can have up to 11 PDCCH candidates and up to 24 CCEs. Still in this case, two PDCCHs of AL=16 at one monitoring occasion cannot be accommodated.
For SCS = 120kHz, slot length is already 125us. From the latency viewpoint, it would be OK to set PDCCH monitoring once per slot. However, SCS 120kHz is supported only for FR2, which in general utilizes beam-forming. In order to be robust against beam-blocking or beam-mismatch, it is highly preferable to let UE to monitor PDCCH at least two occasions where different beams can be used. Assuming that there are two monitoring occasions per slot, each PDCCH monitoring occasion can have up to 10 PDCCH candidates and up to 16 CCEs. Still in this case, two PDCCHs of AL=16 at one monitoring occasion cannot be accommodated. In most of the cases, doubled number of non-overlapped CCEs would suffice. :
To increase the maximum number of non-overlapped CCEs, two options can be considered:
· [bookmark: _GoBack]Option 1: Increase the maximum number of monitored PDCCH candidates/non-overlapped CCEs per slot for a single serving cell for Rel.16 URLLC.
· Option 2: Define the maximum number of monitored PDCCH candidates/non-overlapped CCEs per span for a single serving cell for Rel.16 URLLC.
With option 2, the maximum number of non-overlapped CCEs per span is fixed for each span, while option 1 does not have such a limitation unless the total number of non-overlapped CCEs per span does not exceed the maximum number of non-overlapped CCEs per slot. Since option 1 is more flexible compared to option 2, we propose the following:

Proposal 7:
· Support doubled number of non-overlapped CCEs per slot for URLLC.
· This enhancement applies to all the SCSs.

4. Conclusion
In this contribution, we proposed following for PDCCH enhancements.
Proposal 1:
· Agree Table 1 as the starting point for further discussion of UL DCI format.
· Enable the sizes of ‘Carrier indicator’, ‘RV’, ‘HPN’, ‘SRS request’ to be flexibly configurable.
Proposal 2:
· Adopt one of the following for a configurable FDRA field compression.
· Enhance the concept of “RB bundle”, or;
· Introduce TDRA method for FDRA.
· Note: target size of the minimum of FDRA field could be 10 bits even when the BWP size is 275RBs.
Proposal 3:
· Consider how/whether to reduce the size of MCS field.
· The values indicated as “reserved” should be kept even if the number of bits of the MCS field is reduced.
Proposal 4:
· Discuss the fields for ‘downlink assignment index’, ‘repetition factor’, and ‘priority indication’, after following aspects are progressed.
· UCI enhancements: resource collision between HARQ-ACK vs PUSCH
· PUSCH enhancements: whether/how to indicate the repetition factor of a PUSCH transmission
· Intra-UE mux/prioritization: whether/how to indicate priority of multiple transmissions
Proposal 5:
· Agree Table 2 as the starting point for further discussion of DL DCI format.
· Enable the sizes of ‘Carrier indicator’, ‘RV’, ‘HPN’, ‘Antenna ports’, ‘Transmission configuration indication’, ‘SRS request’ to be flexibly configurable.
· The DL DCI format schedules no more than one transport block.
Proposal 6:
· Discuss the fields for ‘downlink assignment index’, ‘repetition factor’, and ‘priority indicator, after following aspects are progressed.
· UCI enhancements: HARQ-ACK feedback for resource collision between PDSCH vs PDSCH
· PUSCH enhancements: whether/how to indicate the repetition factor of a PDSCH transmission
· Intra-UE mux/prioritization: whether/how to indicate priority of multiple transmissions
Proposal 7:
· Support doubled number of non-overlapped CCEs per slot for URLLC.
· This enhancement applies to all the SCSs.
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