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1	Introduction
PDCCH enhancement is one of the main topics in Rel-16 eURLLC work item [1]. More specifically, the WI description includes specifying details of specific DCI for URLLC and enhancing UE’s PDCCH monitoring capability.
In this contribution, we provide views on DCI contents for URLLC including discussions on potential reduction of field sizes and new fields to include in the DCI. Moreover, we discuss potential enhancements to PDCCH monitoring capability in terms of maximum number of blind decodes and non-overlapping CCEs for channel estimation. 
[bookmark: _Ref178064866]2	Discussion
2.1	DCI format for URLLC
In NR Rel. 15, there exist two main DCI formats for unicast data scheduling, namely the fallback DCI formats 0-0/1-0, and the non-fallback DCI formats 0-1/1-1. The fallback DCI supports resource allocation type 1 where the DCI size depends on the size of bandwidth part. It is intended for a single TB transmission with rather limited flexibility, e.g., without any multi-antenna related parameters. On the other hand, non-fallback DCI can provide flexible scheduling e.g. with multi-layer transmission and multi-antenna transmission potentially achieving high reliability. 
Due to the ultra-high reliability requirement of URLLC, it is beneficial to be able to have a small-size DCI for robust PDCCH performance. Meanwhile, it can be beneficial to also have fields for multi-antenna operations to support highly reliable data transmission. When some fields are not needed in certain scenarios, it should be possible to configure so that they are absent. In Rel-16 eURLLC SI, it is concluded that new enhancements such as multi-segment PUSCH transmission/mini-slot repetition and inter/intra UE transmission prioritization/multiplexing will be specified in the WI. These enhancements can lead to the need of new dynamic indication or DCI fields. It is therefore reasonable to consider supports for new relevant fields for DCI scheduling URLLC where the field sizes can be configurable. 

In RAN1 #96bis [2], the following agreements on PDDCH enhancement for URLLC were made.
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 

The agreements shown above addressed some existing fields in the non-fallback DCI where those not needed for URLLC are excluded or can be configured to be absent. In the following section, we present examples of DCI for UL and DL unicast data scheduling for URLLC. 

2.1.1 DCI contents for URLLC
In Tables 1 and 2 we provide as examples new DCI for DL assignment and UL grant with some comments. In the tables below, the blue highlighted fields are proposed additions to the existing DCI fields.
Table 1. Proposed new DCI format for DL assignment 
	DCI for DL assignment
	Fallback 1_0 (bits)
	Non-fallback 1_1 (bits)
	New DCI (bits)
	Comment

	Identifier for DCI format
	1
	1
	1
	Agreed in RAN1#96 bis. (1 bit) (when applicable)

	Carrier indicator
	-
	0 or 3
	Configurable where 0 bit is one possible value
	For possible cross carrier scheduling
Agreed in RAN1#96 bis. (0 bit or at least one non-zero bit)

	Bandwidth part indicator
	-
	0-2
	-
	

	Frequency-domain  resource assignment
	Type 1 (size depending on initial or active BWP)
	Type 0 or 1
	Type 1 with possible scheduling unit larger than one PRB
	Depending on BWP and “RBG” sizes. 
With the use of partial BWP, the frequency-domain RA indicator can be reduced in size. 
Also, with coarser granularity of “RBG”, the field can be reduced. Note though that restrictions on the starting position can have an effect when serving a large number of UEs.
Repetition of PDSCH in frequency domain can be indicated in this field.

	Time-domain resource assignment
	4
	0-4
	Configurable (0-4)
	The size of the field depends on the size of configured TDRA table. Only limited relevant entries in the configured TDRA can be reasonable for URLLC to achieve low latency transmission.
TDRA field size can be reduced if the SLIV reference is changed to some PDCCH symbol. However, the reduction may not be much, e.g., only 1-bit reduction if the table size is reduced by half.  Moreover, an indicator on the SLIV reference whether it is based on slot boundary or some PDCCH symbol would be needed and all specifications related to SLIV need to be updated. There can also be impacts to MAC spec, e.g., on the formula for DL-SPS activation. 
If reference of the SLIV is based on slot boundary, specification impact is minimized. With configurable TDRA fields size up to 16 entries, the signaling flexibility should be sufficient. 
Repetition factor applicable for both slot-based and non-slot-based repetition can be included in the extended TDRA table and signaled through this field.

	VRB-to-PRB mapping
	1
	0-1
	Configurable (0-1)
	Possible to have it semi-statically configured distributed/interleaved mapping

	PRB bundling size indicator
	-
	0-1
	Configurable where 0 bit is one possible value
	Agreed in RAN1#96 bis. (0 or 1 bit)

	Rate matching indicator
	-
	0-2
	Configurable where 0 bit is one possible value
	For rate matching around CORESETs from other TRPs in case of URLLC with multi-TRP or resources reserved for intra-UE multiplexing.
Agreed in RAN1#96 bis. (0, 1, or 2 bit)

	ZP CSI-RS trigger
	-
	0- 2
	Configurable where 0 bit is one possible value (possibly up to 2 bits)
	For rate matching around own ap-NZP CSI-RS and CSI-RS of other eMBB users in the cell.
Agreed in RAN1#96 bis. (0,1, or 2 bit)

	Modulation and coding scheme 
	5
	5
	5
	

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

	Redundancy version
	2
	2
	1
	Limited set of RV sequences considering reduced number of retransmissions within latency limit.

	Modulation and coding scheme for TB 2
	-
	5
	-
	Agreed in RAN1#96 bis. (0 bit)

	New data indicator for TB 2
	-
	1
	-
	Agreed in RAN1#96 bis. (0 bit)

	Redundancy version for TB 2
	-
	2
	-
	Agreed in RAN1#96 bis. (0 bit)

	HARQ process number 
	4
	4
	3
	With faster HARQ round trip time, the number of processes can be limited. 

	Downlink Assignment Index 
	2
	0, 2, or 4
	Configurable
	Dynamic HARQ codebook may not be needed for URLLC, at least for FDD operation. For dynamic HARQ codebook, 1 bit to protect against one missed DL assignment.

	TPC command for scheduled PUCCH 
	2
	2
	2 
	

	PUCCH resource indicator
	3
	3
	2
	Reduced PUCCH resource set

	PDSCH-to-HARQ feedback timing indicator
	3
	0-3
	0 or 2
	Fixed configuration of HARQ timing for low latency operation. Dynamic indicator for dynamic TDD.

	Antenna port
	-
	4-6
	Configurable (0-2)
	Depending on number of layers for MIMO transmission
Assuming SU-MIMO only, we can have 
· 0 bit (port 1000 is always used as in DCI 1_0)
· 1 bit for UE that supports up to two layers (e.g. Value 0 or Value 11 from Table 7.3.1.2.2-1 can be indicated).   
· 2 bits for UE that supports up to four layers (e.g. Values 0,11,9,10 from Table 7.3.1.2.2-1 can be indicated).

	Transmission configuration indicator
	-
	0 or 3 
	Configurable (0-2)
	For indicating different TCI states of multi-TRP transmission in case of URLLC with multi-TRP

	SRS request
	-
	2
	Configurable where 0 bit is one possible value
	

	CBG transmission information (CBGTI)
	-
	0, 2, 4, 6 or 8
	-
	Agreed in RAN1#96 bis. (0 bit)

	CBG flushing information (CBGFI)
	-
	0-1
	-
	Agreed in RAN1#96 bis. (0 bit)

	DMRS sequence initialization
	-
	1
	-
	

	Transmission priority indicator
	
	
	Configurable where 0 bit is one possible value
	For indicating priority of the scheduled transmission and its associated HARQ-ACK as well as HARQ codebook, applicable for intra/inter-UE multiplexing/preemption.



Table 2. Proposed new DCI format for UL grant 
	DCI for UL grant
	Fallback (bits)
	Non-fallback (bits)
	New DCI (bits)
	Comment

	Header/Identifier for DCI format
	1
	1
	1
	Agreed in RAN1#96 bis.

	Carrier indicator
	-
	0 or 3
	Configurable where 0 bit is one possible value
	For possible cross carrier scheduling

	Bandwidth part indicator
	-
	0-2
	-
	

	Frequency-domain PUSCH resource assignment
	Type 1 (size depending on initial or active BWP)
	Type 0 or 1
	Type 1 with possible scheduling unit larger than one PRB
	Depending on BWP and RBG sizes. 
With the use of part of the whole BWP, the frequency-domain RA indicator can be reduced in size. 
Also, with coarser granularity of “RBG”, the field can be reduced. Note though that restrictions on the starting position can have an effect when serving a large number of UEs.

	Time-domain PUSCH resource assignment
	4
	0-4
	Configurable (0-3)
	Depending on the size of configured TDRA table, e.g., 2 bits for 4 entries. Only limited relevant entries in the configured TDRA can be reasonable for URLLC to achieve low latency transmission.
TDRA field size can be reduced if the SLIV reference is changed to some PDCCH symbol. However, the reduction may not be much, e.g., only 1-bit reduction if the table size is reduced by half.  Moreover, an indicator on the SLIV reference whether it is based on slot boundary or some PDCCH symbol would be needed and all specifications related to SLIV need to be updated. 
If reference of the SLIV is based on slot boundary, specification impact is minimized. With configurable TDRA fields size up to 16 entries, the signaling flexibility should be sufficient. 
Repetition factor applicable for both slot-based and non-slot-based repetition can be included in the extended TDRA table and signaled through this field.

	Frequency hopping flag
	1
	0-1
	0-1
	Configurable

	Modulation and coding scheme 
	5
	5
	5
	

	New data indicator
	1
	1
	1
	Agreed in RAN1#96 bis.

	Redundancy version
	2
	2
	1
	Limited set of RV sequences taking into account no. of retransmission allowed within latency limit.

	HARQ process number 
	4
	4
	4
	 

	1st DAI
	-
	1-2
	-
	

	2nd DAI
	-
	0 or 2
	-
	

	TPC command for scheduled PUSCH 
	2
	2
	2
	

	UL/SUL indicator
	0-1
	1
	-
	

	SRS resource indicator
	-
	Depending on the number of configured SRS resources
	1 
	For codebook-based PUSCH transmission

	Precoding information and number of layers
	-
	0-6
	Configurable, where 0 bit is one possible value 
	0 bit is one possible value in case UE only support one SRS port. 

	Antenna port
	-
	2-5
	0
	0 bit as one can use port 0, 0/1, 0/1/2 or 0/1/2/3 for rank 1,2,3 and 4 respectively.

	SRS request
	-
	2-3
	Configurable (0-1)
	For supporting UL beamforming in FR2. For periodic traffic, periodic SRS can also be configured. 

	CSI request
	-
	0-6
	Configurable (0-2)
	

	PTRS-DMRS association
	-
	0 or 2
	-
	

	Beta_offset indicator
	-
	0 or 2
	Configurable (0-2)
	If not configured, it can be derived/determined based on other fields such as transmission priority indicator.

	DMRS sequence initialization
	-
	0-1
	-
	

	Transmission priority indicator
	
	
	Configurable where 0 bit is one possible value
	For indicating group of parameters such as priority of the scheduled transmission, LCH group, or power control adjustment, applicable for intra/inter-UE multiplexing/preemption.



2.1.2 DCI formats for URLLC
We note that some DCI fields in the Rel-15 non-fallback DCI formats are already configurable in size. For URLLC, it can be discussed whether the minimum and/or maximum size of these existing fields can be shortened. New fields can be included to enable new enhancements or functionalities to be specified in Rel-16 WI. 
From the discussions so far, four main reasons have been mentioned to motivate new DCI formats for URLLC.
1. To support very small DCI size
2. To use the format as service indication
3. To accommodate new DCI fields
4. To support simultaneous scheduling of multiple traffic types, e.g., eMBB and URLLC using both non-fallback DCI and new DCI formats
In our view, the first reason is not justified as the current non-fallback formats are already configurable to be very small in size if needed. The second reason is also not well motivated as there can be several service/traffic types available. Identifying the traffic type based on the DCI format itself would be rather an ad-hoc solution. The third reason depends on whether there is the need to support many new dynamic signaling through new DCI fields specifically for the URLLC enhancements. From the discussion so far, examples and proposals for DCI for URLLC resemble pretty much the existing non-fallback DCI formats with an extension to include a few new fields with configurable size. Therefore, reusing of the existing non-fallback DCI format with some extension seems to be a better solution. For the fourth reason listed above, it may be viewed as performance optimization. In most cases, it might be acceptable with just non-fallback DCI format suitable for URLLC scheduling both eMBB and URLLC traffic.     
In the end, it might be that whether to consider new DCI formats for URLLC or to reuse the existing Rel-15 non-fallback formats with some extension depends on the outcome of other URLLC enhancement discussions.

[bookmark: _Toc4599246][bookmark: _Toc7818251]Some new DCI fields can be included to support new URLLC enhancements such as multi-segment PUSCH transmission/repetition and inter/intra UE transmission prioritization/multiplexing. 
[bookmark: _Toc7818252]Time domain resource allocation field size can be reduced if the SLIV reference is changed to some PDCCH symbol. However, the reduction may be small, e.g., only 1-bit reduction if the table size is reduced by half.  
[bookmark: _Toc7818253]Specification impact is minimized if the SLIV reference is based on slot boundary. Otherwise, an indication whether the reference is based on slot boundary or some PDCCH symbol would be needed. With configurable TDRA fields size up to 16 entries, signaling flexibility should be sufficient.
[bookmark: _Toc7818261]Reuse existing non-fallback DCI formats 0_1/1_1 with an extension to include new configurable fields for scheduling URLLC.
[bookmark: _Toc7818262]Consider examples of DCI in Tables 1 and 2 containing a new field for transmission priority indicator and new indication of repetition factor through the time domain resource allocation field.
[bookmark: _Toc7818263]Use slot boundary as a SLIV reference for TDRA as in Rel-15.

2.1.2 DCI size alignment
In case that new DCI format is introduced, its size may differ from other existing DCI sizes which may lead to an issue as UE is able to monitor PDCCH in a cell only for a limited number of DCI sizes. In Rel-15, there exists a budget on the number of DCI sizes UE should monitor for the cell, i.e., 3 different sizes for DCI scrambled by C-RNTI and 1 additional for other RNTI [4]. For Rel-16 UE or advanced UE supporting both URLLC and eMBB, it is unclear whether this budget limit will be relaxed. Therefore, if the new DCI format is introduced, it is reasonable that the DCI size can be configured so that its size is aligned with existing DCI sizes such as those of fallback DCI formats 0_0/1_0. In Rel-16 eURLLC SI, it is concluded that DCI scheduling URLLC will include a possibility to have size-alignment with the fallback DCI size.
If new DCI formats have different sizes than those of existing formats and if all existing formats including the new formats are configured for UE to monitor, the UE should e.g. be capable of monitoring more DCI sizes in the cell than what is supported in Rel-15. Otherwise, certain limitation is required. It could be that only a limited set of DCI formats is configured for UE to monitor within its DCI size budget, or some further steps in addition to the current DCI size alignment procedure in [4] needs to be introduced. On the other hand, if the non-fallback DCI with possible configurable new fields is used for scheduling URLLC, there will be no impact on the existing DCI size alignment procedure.

[bookmark: _Toc7818254]Reusing existing non-fallback DCI with possibility of new configurable fields for scheduling URLLC does not require any change to the existing DCI size alignment procedure as the number of DCI sizes to monitor is not impacted.
[bookmark: _Toc7818255]If new DCI formats are introduced, an update to Rel-15 DCI size alignment procedure may be needed. 

2.2	Increased PDCCH monitoring capability
In RAN1 #96 [3] at the end of eURLLC SI, the following agreements on PDCCH were made.
Agreements:
Support increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for Rel-16 NR URLLC for at least one SCS subject to the following restrictions:
· Explicit limitation on the maximum number of BDs/non-overlapping CCEs per monitoring occasion and/or per monitoring span, and
· The set of applicable SCS(s) to be finalized during the WI phase
· Additional restrictions (e.g., impact # of CCs if any, potential limitations on PDSCH/PUSCH processing, impact of wideband RS for CCE counting if any, etc.) can be considered during the WI phase 
Agreements:
· Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) for Rel-16 NR URLLC can be further considered in work item phase.

[bookmark: _Hlk513846812]With strict latency and reliability requirements for URLLC, it is important that PDSCH/PUSCH mapping type B is supported. To achieve the full latency benefits of type B scheduling, it is necessary to have multiple PDCCH monitoring occasions within a slot. For example, to get the full benefits of 2 OFDM symbol transmissions, it is preferable to have PDCCH monitoring periodicity of every 2 OFDM symbols. The limits in Rel-15 on the maximum numbers of blind decodes (BD) and non-overlapping CCE for channel estimation in a slot strongly restrict the scheduling options for these kinds of configurations, even when limiting the number of candidates in a search space. In this section, we provide views on how this limit should be relaxed for NR URLLC Rel-16. 
In LTE, the number of BDs was increased with the introduction of sTTI. This is due to the new sTTI structure where subslot of 2 or 3 os (corresponding to 6 monitoring occasions within a subframe) and slot of 7 os (corresponding to 2 monitoring occasions within a subframe) are supported. The baseline for one component carrier in LTE is 44 BDs per 1 ms subframe, of which 12 are for CSS and 32 for USS. With sTTI, there can be 24 additional BDs with 1-slot sTTI and 36 additional BDs with 2/3 OS sTTI. The total number of BDs per 1 ms subframe in LTE was increased as summarized in Table 3 below.
Table 3. Number of blind decodes for LTE with sTTI
	Case
	Monitoring occasions per 1 ms
	1 ms DCI monitoring
	sTTI DCI monitoring (USS)
	Total

	
	
	CSS
	USS
	
	

	No sTTI
	1
	12
	32
	-
	44

	1-slot (7 OS) sTTI
	2
	12
	32
	24
	68

	2/3 OS sTTI
	6
	12
	32
	36
	80



Based on the analysis in our companion contribution [5], at least 4 PDCCH monitoring occasions per slot for 15 kHz SCS and at least 2 for 30 kHz SCS are needed to satisfy the 1ms latency target. Assuming that 3 monitoring occasions are configured, if AL16 candidate is needed in all occasions, it would take up almost all of the allowed 56 non-overlapping CCEs for channel estimation according to the Rel-15 limit, severely restricting the usage of both USS and CSS for scheduling URLLC traffic. If 4 monitoring occasions in a slot are needed, it is not possible to have AL16 candidate in all monitoring occasions. 
Similarly, with multiple PDCCH monitoring occasions in a slot and possible multiple DCI sizes for UE to monitor in CSS and USS, the Rel-15 limit on number of BDs would severely restrict number of PDCCH candidates in a search space (e.g., only a few PDCCH candidates for each AL or even no candidates for some AL) leading to an increase in PDCCH blocking probability [5]. This restriction applies to the BD limit of all SCS values.   
Therefore, it is important that the limits on BD and non-overlapping CCE for channel estimation are increased for Rel-16 UE supporting URLLC to allow for flexible, multiple PDCCH monitoring occasions in a slot and to reduce PDCCH blocking.

[bookmark: _Toc513714056][bookmark: _Toc513714067][bookmark: _Toc513714630][bookmark: _Toc513848510][bookmark: _Toc513848590][bookmark: _Toc520885277][bookmark: _Toc521493599][bookmark: _Toc521500898][bookmark: _Toc521503980][bookmark: _Toc521590061][bookmark: _Toc521620502][bookmark: _Toc521620506][bookmark: _Toc521621387][bookmark: _Toc521621432][bookmark: _Toc521621506][bookmark: _Toc521659812][bookmark: _Toc521662387][bookmark: _Toc521691874][bookmark: _Toc521704456][bookmark: _Toc521708959][bookmark: _Toc525660390][bookmark: _Toc525660457][bookmark: _Toc525661214][bookmark: _Toc525904334][bookmark: _Toc525923874][bookmark: _Toc4599247][bookmark: _Toc7818256]To support URLLC with latency requirement of 1ms, at least 4 PDCCH monitoring occasions per slot are required for 15 kHz SCS and at least 2 for 30 kHz SCS. 
[bookmark: _Toc7818257]If there are multiple PDCCH monitoring occasions in a slot, it can be impossible to have AL16 candidate in all monitoring occasions if the current limit on non-overlapping CCE is not increased.
[bookmark: _Toc7818258]With multiple PDCCH monitoring occasions in a slot and multiple DCI sizes for UE to monitor in CSS and USS, the current limit on number of BDs would severely restrict number of PDCCH candidates in a search space and thus increase PDCCH blocking probability.

As mentioned earlier the number of monitoring occasions in a slot for NR could in principle be flexible, i.e., anything from every 1os to 14os. Rather than specifying multiple new UE capability levels, it is proposed to specify one additional level of support for maximum number of PDCCH BDs and non-overlapping CCE for channel estimation, for which the numbers are doubled compared to Rel-15. 
In addition to the increased limits per slot for PDCCH monitoring capability, it can be reasonable to also introduce a restriction in terms of limits per monitoring span in connection with the UE capability signaling discussion on PDCCH monitoring span. This restriction would help to keep UE complexity at a reasonable level by distributing the BD/CCE limit throughout the slot even if the limit per slot is increased. One possible choice is to define the BD/CCE limit per monitoring span based on the (increased) limits per slot and number of monitoring spans in a slot. For example, the BD/CCE limit per monitoring span is derived as . In some cases, it can happen that some monitoring spans do not contain any PDCCH monitoring occasions. In such cases, it is reasonable that only non-empty monitoring spans are taken into account, i.e., the limit per monitoring span for slot j is given by . Further modification of the distribution of the limit per monitoring span can also be considered (see, e.g., our companion paper [6]). 

[bookmark: _Hlk4495227]Based on the above analysis, the corresponding increase in the BD limits is proposed:


[bookmark: _Ref528336766]Table 4 Number of blind decodes for Rel. 15 and proposed values for Rel. 16
	Max no. of PDCCH BDs per slot
	Sub-carrier spacing

	
	15kHz
	30kHz
	60kHz
	120kHz

	Rel 15
	44
	36
	22
	20

	Rel 16
	88
	72
	44
	40

	BD limit per monitoring span (baseline)
	



Similarly, a corresponding increase in the CCE limits is proposed:
[bookmark: _Ref528336767]Table 5 CCE limit for Rel. 15 and proposed values for Rel. 16.
	Max no. of non-overallping CCEs per slot
	Sub-carrier spacing

	
	15kHz
	30kHz
	60kHz
	120kHz

	Rel 15
	56
	56
	48
	32

	Rel 16
	112
	112
	96
	64

	CCE limit per monitoring span (baseline)
	



[bookmark: _Hlk4488435]Further we show that increasing number of BDs and CCE limits per slot allowing more PDCCH monitoring occasions in a slot can reduce PDCCH blocking probability significantly. With multiple PDCCH occasions in a slot, a UE has a higher chance of eventually being scheduled. Table 6 shows PDCCH blocking probability after certain number of PDCCH occasions as a function of number of UEs per cell. It is evident that the PDCCH blocking probability within a slot can be reduced significantly with more PDCCH occasions.
[bookmark: _Ref528336817]Table 6 PDCCH blocking probability after 1, 2, or 3 PDCCH occasions for different numbers of UEs per cell. (DCI size = 40 bits, CORESET duration = 1 symbol)
	Blocking prob.
	#UE = 10
	#UE = 20
	#UE = 30
	#UE = 40

	After 1 PDCCH occasion
	7.91%
	39.03%
	58.01%
	68.46%

	After 2 PDCCH occasions
	0
	1.42%
	19.50%
	37.75%

	After 3 PDCCH occasions
	0
	0
	0.17%
	4.15%



[bookmark: _Toc7818259]The increased limits of maximum number of blind decodes and non-overlapping CCEs for channel estimation can allow flexible, multiple PDCCH monitoring occasions in a slot and reduce PDCCH blocking probability. 

Based on the above discussion, we have the following proposals for NR URLLC Rel-16 enhancement, in terms of the number of BDs and non-overlapping CCEs for channel estimation. 

[bookmark: _Toc7818264]For NR Rel-16 URLLC, the maximum number of PDCCH blind decodes per slot for a DL BWP in a single serving cell is {88, 72, 44, 40} for SCS {15kHz, 30kHz, 60kHz, 120kHz}, respectively.
[bookmark: _Toc7818265]For NR Rel-16 URLLC, the maximum number of non-overlapping CCEs for channel estimation for a DL BWP in a single serving cell is {112, 112, 96, 64} for SCS {15kHz, 30kHz, 60kHz, 120kHz}, respectively.
[bookmark: _Toc7818266]The maximum number of BD and non-overlapping CCE per monitoring span is determined as a function of maximum number of BD and non-overlapping CCE per slot and the number of monitoring spans in a slot. 

2.3	Coreset alignment of regular CORESET with CORESET#0
The 6-RB grid of a regular CORESET (that is tied to common RB grid) and CORESET#0 (that is tied to SSB) are generally not aligned. This causes misaligned REG bundles, inefficient radio resource usage, and increased blocking probability between DCIs transmitted on a regular CORESET and CORESET#0 when they overlap. The increased blocking probability may lead to increased latency, which is undesirable for URLLC applications. 
The misalignment is illustrated in Figure 1. 
[image: cid:image003.jpg@01D4A990.57EDE420]
Figure 1: CORESET misalignment example
The misalignment issue can be easily fixed by introducing an offset to a normal CORSET (taking value of 0, …, 5). In this way, the normal CORESET can be configured to align with grid of CORESET#0, which will resolve the disadvantages associated with the misalignment of the grids of normal CORESETs and CORESET#0.
[bookmark: _Toc7818260]PRB misalignment of regular CORESET and CORESET#0 can lead to increased PDCCH blocking probability. 

Conclusion
In the previous sections we made the following observations: 
Observation 1	Some new DCI fields can be included to support new URLLC enhancements such as multi-segment PUSCH transmission/repetition and inter/intra UE transmission prioritization/multiplexing.
Observation 2	Time domain resource allocation field size can be reduced if the SLIV reference is changed to some PDCCH symbol. However, the reduction may be small, e.g., only 1-bit reduction if the table size is reduced by half.
Observation 3	Specification impact is minimized if the SLIV reference is based on slot boundary. Otherwise, an indication whether the reference is based on slot boundary or some PDCCH symbol would be needed. With configurable TDRA fields size up to 16 entries, signaling flexibility should be sufficient.
Observation 4	Reusing existing non-fallback DCI with possibility of new configurable fields for scheduling URLLC does not require any change to the existing DCI size alignment procedure as the number of DCI sizes to monitor is not impacted.
Observation 5	If new DCI formats are introduced, an update to Rel-15 DCI size alignment procedure may be needed.
Observation 6	To support URLLC with latency requirement of 1ms, at least 4 PDCCH monitoring occasions per slot are required for 15 kHz SCS and at least 2 for 30 kHz SCS.
Observation 7	If there are multiple PDCCH monitoring occasions in a slot, it can be impossible to have AL16 candidate in all monitoring occasions if the current limit on non-overlapping CCE is not increased.
Observation 8	With multiple PDCCH monitoring occasions in a slot and multiple DCI sizes for UE to monitor in CSS and USS, the current limit on number of BDs would severely restrict number of PDCCH candidates in a search space and thus increase PDCCH blocking probability.
Observation 9	The increased limits of maximum number of blind decodes and non-overlapping CCEs for channel estimation can allow flexible, multiple PDCCH monitoring occasions in a slot and reduce PDCCH blocking probability.
Observation 10	PRB misalignment of regular CORESET and CORESET#0 can lead to increased PDCCH blocking probability.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Reuse existing non-fallback DCI formats 0_1/1_1 with an extension to include new configurable fields for scheduling URLLC.
Proposal 2	Consider examples of DCI in Tables 1 and 2 containing a new field for transmission priority indicator and new indication of repetition factor through the time domain resource allocation field.
Proposal 3	Use slot boundary as a SLIV reference for TDRA as in Rel-15.
Proposal 4	For NR Rel-16 URLLC, the maximum number of PDCCH blind decodes per slot for a DL BWP in a single serving cell is {88, 72, 44, 40} for SCS {15kHz, 30kHz, 60kHz, 120kHz}, respectively.
Proposal 5	For NR Rel-16 URLLC, the maximum number of non-overlapping CCEs for channel estimation for a DL BWP in a single serving cell is {112, 112, 96, 64} for SCS {15kHz, 30kHz, 60kHz, 120kHz}, respectively.
Proposal 6	The maximum number of BD and non-overlapping CCE per monitoring span is determined as a function of maximum number of BD and non-overlapping CCE per slot and the number of monitoring spans in a slot.
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