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1	Introduction
PDCCH enhancement is one of the focused topics in eURLLC SI [1]. The following agreements were made in RAN1 #95 [2]: 
Agreements:
For link-level PDCCH evaluation, the target operating BLER of DCI(s) scheduling HARQ-less PDSCH/PUSCH should be smaller than 1e-x in Rel-16 NR URLLC, at the 5%-tile SINR geometry.   
· x is the reliability requirement given in the table of representative use case for evaluation agreed in the RAN1#94bis meeting.
· The 5%-tile SINR geometry is obtained by system-level simulation assuming full buffer for a given evaluation scenario.
· This target assumes no HARQ re-transmssion 

Agreements:
· No change of DCI format 0_0/1_0 in CSS from Rel-16 URLLC study item perspective

Agreements:
· To further study DCI for URLLC with a size potentially smaller than that of Rel-15 fallback DCI
· Consider using Rel-15 fallback DCI as a starting point for Rel-16 URLLC DCI
· Target a reduction of at least 10-16 bits compared to Rel-15 fallback DCI
· Companies report how to achieve the DCI size reduction
· The link level performance gain from PDCCH reliability perspective 
· Check at least AL=16 
· PDCCH resource utilization considering all UEs in the cell
· Check AL=1/2/4/8/16 
· If retransmission is feasible with the latency bound, different BLER target can be used
· The PDCCH blocking probability when applicable  
· The performance impact from compact DCI including impact to PDSCH/PUSCH capacity when applicable
· The impact on PDCCH blind decoding/DCI size budget 
· The impact on PDSCH/PUSCH scheduling flexibility 
· At least Rel-15 enabled use cases should be evaluated for the above study

and RAN1 adhoc 1901 [3]:
Agreements:
For the DCI format scheduling Rel-16 NR URLLC, 
· Support potential reduction of the number of bits for at least one of the following fields compared to Rel-15 DCI 
· Frequency domain resource assignment
· Time domain resource assignment
· Modulation and coding scheme
· HARQ process number
· Redundancy version 
· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator
· Downlink assignment index
· Note: Reduction of other fields are not precluded 
· Down-select one of the following options for the DCI format size – targeting down-selection in RAN1#96 (not to be captured in the TR for now)
· Option 1: Fixed DCI size targeting a reduction of 10~16 bits reduction compared to the DCI format size of Rel-15 fallback DCI
· Option 2: aligned with Rel-15 fallback DCI
· Option 3: configurable DCI size with the limitation as below  
· Minimum DCI size should target 10~16 bits reduction compared to the DCI format size of Rel-15 fallback DCI
· Maximum size should be equal to the DCI format size of Rel-15 fallback DCI
· Option 4: DCI with configurable sizes for some fields, while
· The maximum DCI size can be larger than Rel-15 fallback DCI
· The minimum DCI size target a reduction of 10~16 bits less than the DCI format size of Rel-15 fallback DCI
· Provide the possibility to align with the size of the Rel-15 fallback DCI (including possible zero padding if any)
· Option 5: no introduction of new DCI format due to this SI
· Note: The DCI format may be impacted by other objectives in this study item and/or the following work item, e.g. PDCCH repetition mechanism and/or UCI enhancement, or may be impacted by objectives in other study item and/or work item, e.g. multi-TRP transmission from Rel-16 work item   

In this contribution, we first provide a summary of PDCCH reliability evaluation results based on Rel. 15 design. We then motivate the need for new DCI format for URLLC as well as discuss potential enhancements to PDCCH in terms of limitation of number of blind decodes and non-overlapping CCEs in a slot.
[bookmark: _Ref178064866]2	Discussion
2.1	PDCCH evaluation
PDCCH link level performance based on NR Rel-15 design have been provided in [4] for different DCI sizes and aggregation levels. In [4-8] we also showed that Rel-15 PDCCH performance (with DCI size 40 bits and AL16) is sufficient for various URLLC use cases and requirements (summarized also in the appendix for completeness). It is observed that using smaller DCI size, e.g., 30 or 24 bits, also called compact DCI, only provides marginal gain at high AL (e.g., less than 1 dB at 10-5 PDCCH BLER target for AL16) which is commonly considered for achieving high reliability requirement. 
Moreover, in [4] we showed that using a fixed smaller DCI size, e.g., 30 or 24 bits compared to 40 bits does not provide any significant gain in terms of reducing PDCCH blocking probability either. There exist other more effective means to reduce PDCCH blocking probability, e.g., by allocating larger control resources or allowing multiple PDCCH monitoring opportunity within a latency bound. 
Compact DCI with fixed small DCI size also has drawbacks in terms of PxSCH scheduling flexibility. To achieve any meaningful performance gain, a large DCI size reduction is required and thus scheduling flexibility is affected as several DCI fields would need to be significantly reduced or removed. 
Considering the marginal gain and potential drawbacks, we conclude that compact DCI with fixed small size is not introduced. 
[bookmark: _Hlk528070716]
2.2	New DCI format
An alternative to compact DCI with fixed small DCI size is a new DCI format for URLLC. 
In NR Rel. 15, there are 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 high reliability transmission. 
Due to the ultra-high reliability requirement of URLLC, it is beneficial to be able to have a small-size DCI for enhanced 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 the field size is of length zero. In Rel-16 eURLLC SI, several enhancements have been discussed and proposed such as supports of multi-segment PUSCH transmission or mini-slot repetition, A-CSI triggered on PUCCH, and inter/intra UE transmission prioritization/multiplexing. These enhancements may lead to the need of new DCI fields. It is therefore reasonable to consider new DCI formats where the field size can be configurable, and which contain new relevant fields intended for URLLC enhancements. 
Introducing a new DCI format with configurable size however may lead to an issue as UE is able to monitor PDCCH in a cell only for a limited number of DCI sizes due to demodulation and decoding complexity constraint at the UE. 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 [9]. 
For Rel-16 UE or advanced UE supporting both URLLC and eMBB, this budget limit may be relaxed. Therefore, depending on the limit, it is reasonable that the new DCI format can also be configured so that its size is aligned with existing DCI sizes such as those of fallback DCI formats 0_0/1_0. 
We note that if introduced, the use of new DCI may not be limited to URLLC. Any use cases which require high PDCCH reliability with reasonable scheduling flexibility should be able to leverage the new DCI format as well. 
[bookmark: _Toc513220959][bookmark: _Toc513220978][bookmark: _Toc513220995][bookmark: _Toc513221736][bookmark: _Toc513384916][bookmark: _Toc513464611][bookmark: _Toc513464618][bookmark: _Toc513492228][bookmark: _Toc513652930][bookmark: _Toc513652961][bookmark: _Toc513715648][bookmark: _Toc513715729][bookmark: _Toc1172463]Proposal 1	If a new DCI format is introduced for URLLC, its field size can be configurable or to have the same size as the fallback DCI formats 0-0/1-0. (Option 4)

2.2.1 New DCI format contents
As discussed in the previous section, it is beneficial to have a new DCI format for URLLC. One example of such new DCI format is the new DCI configured to have the same size as the fallback formats 0_0/ 1_0 but improved from the fallback DCI by swapping in some useful fields, e.g., new DCI fields and/or some fields that exist in the non-fallback DCI but are absent in fallback formats.
For new DCI formats with such size constraint, we provide in Tables 1 and 2 below as examples for the DL assignment and UL grant with comments given for the fields which are proposed to be reduced/removed from the fallback DCI in [9]. In the tables below, the yellow highlighted fields are proposed for potential reduction, while the blue highlighted fields are proposed additions to the fallback DCIs.

Table 1. Proposed new DCI format for DL assignment 
	DCI for DL assignment
	Fallback Bits
	New DCI Bits 
	Comment

	Header/Identifier for DCI format
	1
	1
	

	Frequency-domain PDSCH resources
	Up to 16 depending on initial or active BWP
	Smaller 
	Depending on BWP and RBG sizes. 
With the use of partial 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.
Repetition of PDSCH in frequency domain can be indicated in this field.

	Time-domain PDSCH resources
	4
	Configurable
	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.

	VRB-to-PRB mapping
	1
	0
	No need for dynamic change of the VRB mapping type, e.g., semi-statically configured distributed/interleaved mapping

	Modulation and coding scheme 
	5
	5
	

	New data indicator
	1
	1
	

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

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

	Downlink Assignment Index 
	2
	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 PUCCH 
	2
	2 
	

	PUCCH resource indicator
	3
	2
	Reduced PUCCH resource set

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

	ZP CSI-RS trigger
	
	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.

	Antenna port
	
	Configurable (up to 2 bits)
	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).

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

	Rate matching indicator
	
	Configurable where 0 bit is one possible value
	For rate matching around CORESETs from other TRPs in case of URLLC with multi-TRP

	TCI
	
	Configurable where 0 bit is one possible value (0,1,2 bits)
	For indicating different TCI states of multi-TRP transmission in case of URLLC with multi-TRP

	SRS request
	
	Configurable where 0 bit is one possible value
	

	A-CSI trigger
	
	Configurable where 0 bit is one possible value
	

	New format indicator
	
	Configurable where 0 bit is one possible value
	For enabling potential introduction of future new DCI format 



Table 2. Proposed new DCI format for UL grant 
	DCI for UL grant
	Fallback Bits
	New DCI Bits
	Comment

	Header/Identifier for DCI format
	1
	1
	

	Frequency-domain PUSCH resources
	Up to 16 depending on initial or active BWP
	Smaller 
	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 resources
	4
	Configurable
	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 latecny transmission.

	Frequency hopping flag
	1
	0
	Configurable

	Modulation and coding scheme 
	5
	5
	

	New data indicator
	1
	1
	

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

	HARQ process number 
	4
	4
	 

	TPC command for PUSCH 
	2
	2
	

	UL/SUL indicator
	1
	0
	

	CSI request
	
	Configurable (Up to 2 bits)
	

	Antenna port
	
	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.

	Precoding information
	
	Configurable, where 0 bit is one possible value 
	0 bit is one possible value in case UE only support one SRS port. 

	SRS resource indicator
	
	1 
	For codebook-based PUSCH transmission

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

	New format indicator
	
	Configurable where 0 bit is one possible value
	For enabling potential introduction of future new DCI format 


[bookmark: _Toc497318477][bookmark: _Toc497390659][bookmark: _Toc497412476][bookmark: _Toc497468801][bookmark: _Toc497469158][bookmark: _Toc498439256][bookmark: _Toc498506812][bookmark: _Toc498507497][bookmark: _Toc498600637][bookmark: _Toc498693498][bookmark: _Toc498699799][bookmark: _Toc498699805][bookmark: _Toc502751398][bookmark: _Toc502751403][bookmark: _Toc503168611][bookmark: _Toc503170328][bookmark: _Toc505694093][bookmark: _Toc505694144][bookmark: _Toc505845780][bookmark: _Toc505852110][bookmark: _Toc506219843][bookmark: _Toc506578766][bookmark: _Toc509832034][bookmark: _Toc510080360][bookmark: _Toc510632110][bookmark: _Toc510690114]
[bookmark: _Toc510700886][bookmark: _Toc510701045][bookmark: _Toc510774012][bookmark: _Toc510775987][bookmark: _Toc510788397][bookmark: _Toc513220957][bookmark: _Toc513221734][bookmark: _Toc513384923][bookmark: _Toc513464608][bookmark: _Toc513492225][bookmark: _Toc513652925][bookmark: _Toc513652956][bookmark: _Toc513715577][bookmark: _Toc513715658][bookmark: _Toc513850463][bookmark: _Toc1172469]Some fields in the normal DCI are useful for URLLC and can be part of the new DCI format. Examples include fields relating to multi-antenna transmission and new format indicator field.
[bookmark: _Toc497318478][bookmark: _Toc497390660][bookmark: _Toc497412477][bookmark: _Toc497468802][bookmark: _Toc497469159][bookmark: _Toc498439257][bookmark: _Toc498506813][bookmark: _Toc498507498][bookmark: _Toc498600638][bookmark: _Toc498693499][bookmark: _Toc498699800][bookmark: _Toc498699806][bookmark: _Toc502751399][bookmark: _Toc502751404][bookmark: _Toc503168612][bookmark: _Toc503170329][bookmark: _Toc505694094][bookmark: _Toc505694145][bookmark: _Toc505845781][bookmark: _Toc505852111][bookmark: _Toc506219844][bookmark: _Toc506578767][bookmark: _Toc509832035][bookmark: _Toc510080361][bookmark: _Toc510632111][bookmark: _Toc510690115][bookmark: _Toc510700887][bookmark: _Toc510701046][bookmark: _Toc510774013][bookmark: _Toc510775988][bookmark: _Toc510788398][bookmark: _Toc513220958][bookmark: _Toc513221735][bookmark: _Toc513384925][bookmark: _Toc513464610][bookmark: _Toc513492227][bookmark: _Toc513652927][bookmark: _Toc513652958][bookmark: _Toc513715579][bookmark: _Toc513715660][bookmark: _Toc513850464][bookmark: _Toc1172470]Some fields in the fallback DCI can be shortened and included as part of the new DCI format. Examples include resource allocation fields in frequency and time domains, RV, HARQ process number, DAI, PUCCH resource indicator, and HARQ-ACK timing.

2.2.2 DCI size alignment
When new DCI formats can have configurable sizes, which are different from the size of existing formats, an increased total number of different DCI sizes may be configured to a UE. If all existing formats including the new formats with different sizes are configured, the UE capability of handling different DCI sizes per monitoring occasions shall be enhanced. UE is expected to monitor more DCI sizes per monitoring occasion in the cell than what is supported in Rel-15. 

[bookmark: _Toc513715730][bookmark: _Toc513850483][bookmark: _Toc1172464]Proposal 2    	If a new DCI format is introduced without any size constraint, UE shall increase number of monitored DCI sizes per monitoring occasion than release 15 UE.
[bookmark: _Toc513715650]
2.3	Relaxed limits on number of blind decode and CCE for latency enhancement
[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 total number of blind decodes and CCEs for channel estimation in a slot strongly restricts 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 blind decodes was increased with the introduction of sTTI. This is due to 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 blind decodes 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. Therefore, the total number of blind decodes per 1 ms subframe in LTE was increased as summarized in Table 3 below.
Based on the analysis in the companion contribution [10], at least a PDCCH monitoring periodicity of less than 5 symbols is necessary for satisfying the 1ms latency target. The PDCCH monitoring periodicity means, for example, PDCCH can start in symbol 0, 5, 10 in a slot, resulting in 3 monitoring occasions in a slot.
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



[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: _Toc1172471]To support URLLC with latency requirement of 1ms, more than three PDCCH monitoring occasions per slot are required. 

If AL=16 is needed, these three monitoring occasions take up 48 of the 56 allowed CCEs for channel estimation in Rel. 15, severely restricting the usage of both USS and CSS for scheduling URLLC traffic. 
The above observation is only the minimum number of monitoring occasions required to support at least a single-shot transmission with 15kHz SCS fulfilling URLLC latency requirement. As mentioned earlier the number of monitoring occasions in a slot for NR could in principle be flexible, i.e., anything from every 1 to 14os. As can be seen in [4], allowing more PDCCH monitoring opportunities per slot allows scheduling of URLLC traffic with retransmission opportunities, which leads to more efficient resource usage. 
Rather than specifying multiple new UE capability levels, it is proposed to specify one additional level of support for PDCCH blind decodes, for which the numbers are doubled compared to Rel.15.
For this additional level of support, instead of simply defining it per slot basis, it makes more sense to take into account how the BDs/CCEs are distributed in a slot for mini-slot operation. One possible choice is to define the BD/CCE limit for each half of the slot. For the first half of the slot, it is natural to assume the same number as the other cases. For the second half of the slot, assuming that UE has finished processing PDCCH in the first half of the slot, the UE should have the same PDCCH processing capability in the second half of the slot. Therefore, it is reasonable to assume the same number as in the first slot. 
Based on the above analysis, the corresponding increase in the BD limits is proposed:
[bookmark: _Ref528336766]Table 4 Number of blind decoding for Rel. 15 and proposed values for Rel. 16
	Max no. of PDCCH BDs per slot
	Sub-carrier spacing

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1 
	44
	36
	22
	20

	Case 2 (Rel 15)
	44
	36
	22
	20

	Case 2 (Rel 16)
	1st half of the slot
	44
	36
	22
	20

	
	2nd half of the slot
	44
	36
	22
	20



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 PDCCH CCEs per slot
	Sub-carrier spacing

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1 
	56
	56
	48
	32

	Case 2 (Rel 15)
	56
	56
	48
	32

	Case 2 (Rel 16)
	1st half of the slot
	56
	56
	48
	32

	
	2nd half of the slot
	56
	56
	48
	32



For example, for 120 kHz SCS, with the existing limit of 32 CCEs per slot, there can be at most two AL16 candidates per slot, which can be very limiting for URLLC requiring at least two monitoring occasions in a slot. The proposed value would allow more flexible PDCCH scheduling and reduce blocking probability. 
Below we show that increasing number of blind decode and CCE limits per slot which allow 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 8 shows the 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 within a slot with 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: _Toc1172465]Proposal 3	Increase the limits of number of blind decodes and CCEs for channel estimation to allow flexible, multiple PDCCH monitoring occasions in a slot and reduce PDCCH blocking.
As an alternative solution to Table 4 and Table 5, one can consider introducing a limitation per sliding window, where sliding window size and number of blind decodes or CCE per window can be further discussed. 
Based on the above discussion, we have the following proposals for NR URLLC Rel. 16 enhancement, in terms of the number of blind decodes and CCEs for channel estimation. 
[bookmark: _Toc513794439][bookmark: _Toc513829532][bookmark: _Toc517882238][bookmark: _Toc520885280][bookmark: _Toc520885328][bookmark: _Toc521493590][bookmark: _Toc521500903][bookmark: _Toc521503985][bookmark: _Toc521590067][bookmark: _Toc521620579][bookmark: _Toc521621391][bookmark: _Toc521621422][bookmark: _Toc521621460][bookmark: _Toc521621497][bookmark: _Toc521659823][bookmark: _Toc521662392][bookmark: _Toc521691865][bookmark: _Toc521704462][bookmark: _Toc521708963][bookmark: _Toc525660399][bookmark: _Toc525660411][bookmark: _Toc525660467][bookmark: _Toc525661222][bookmark: _Toc525904341][bookmark: _Toc525904363][bookmark: _Toc525904464][bookmark: _Toc525923891][bookmark: _Toc513498550][bookmark: _Toc513634674][bookmark: _Toc513634765][bookmark: _Toc513643525][bookmark: _Toc513714074][bookmark: _Toc513714633][bookmark: _Toc513220960][bookmark: _Toc513220979][bookmark: _Toc513220996][bookmark: _Toc513221737][bookmark: _Toc513384917][bookmark: _Toc513464612][bookmark: _Toc513464619][bookmark: _Toc513492229][bookmark: _Toc1172466]Proposal 4   	For NR Rel. 16 URLLC, the number of PDCCH blind decodes for PDCCH monitoring occasion(s) whose first symbol(s) are in the first half slot is {44, 36, 22, 20} for SCS {15kHz, 30kHz, 60kHz, 120kHz}, and for PDCCH monitoring occasion(s) whose first symbol(s) are in the second half slot is {44, 36, 22, 20} for SCS {15kHz, 30kHz, 60kHz, 120kHz}, respectively.
[bookmark: _Toc521621498][bookmark: _Toc521659824][bookmark: _Toc521662393][bookmark: _Toc521691866][bookmark: _Toc521704463][bookmark: _Toc521708964][bookmark: _Toc525660400][bookmark: _Toc525660412][bookmark: _Toc525660468][bookmark: _Toc525661223][bookmark: _Toc525904342][bookmark: _Toc525904364][bookmark: _Toc525904465][bookmark: _Toc525923892][bookmark: _Toc1172467][bookmark: _Toc513829533][bookmark: _Toc521621393][bookmark: _Toc521621424][bookmark: _Toc521621462][bookmark: _Toc521708965]Proposal 5   	For NR Rel. 16 URLLC, the number of CCEs for channel estimation for PDCCH monitoring occasion(s) whose first symbol(s) are in the first half slot is {56, 56, 48, 32} for SCS {15kHz, 30kHz, 60kHz, 120kHz}, and for PDCCH monitoring occasion(s) whose first symbol(s) are in the second half slot is {56, 56, 48, 32} for SCS {15kHz, 30kHz, 60kHz, 120kHz}, respectively.

2.4 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: _Toc1172472]The misalignment the 6-PRB grid of regular CORESETs and the grid of CORESET#0 causes misaligned REG bundles, inefficient radio resource usage, and increased blocking probability, which is undesirable for URLLC applications.
[bookmark: _Toc1172468]Proposal 6     	Introduce an offset parameter (taking value of 0, …, 5) to the configuration of regular CORSETs to align the 6-PRB grid of regular CORESETs with the grid of CORESET#0.

Conclusion
In the previous sections we made the following observations: 
Observation 1	Some fields in the normal DCI are useful for URLLC and can be part of the new DCI format. Examples include fields relating to multi-antenna transmission and new format indicator field.
Observation 2	Some fields in the fallback DCI can be shortened and included as part of the new DCI format. Examples include resource allocation fields in frequency and time domains, RV, HARQ process number, DAI, PUCCH resource indicator, and HARQ-ACK timing.
Observation 3	To support URLLC with latency requirement of 1ms, more than three PDCCH monitoring occasions per slot are required.
Observation 4	The misalignment the 6-PRB grid of regular CORESETs and the grid of CORESET#0 causes misaligned REG bundles, inefficient radio resource usage, and increased blocking probability, which is undesirable for URLLC applications.


Based on the discussion in the previous sections we propose the following:
Proposal 1	If a new DCI format is introduced for URLLC, its field size can be configurable or to have the same size as the fallback DCI formats 0-0/1-0. (Option 4)
Proposal 2    	If a new DCI format is introduced without any size constraint, UE shall increase number of monitored DCI sizes per monitoring occasion than release 15 UE.
Proposal 3	Increase the limits of number of blind decodes and CCEs for channel estimation to allow flexible, multiple PDCCH monitoring occasions in a slot and reduce PDCCH blocking.
Proposal 4   	For NR Rel. 16 URLLC, the number of PDCCH blind decodes for PDCCH monitoring occasion(s) whose first symbol(s) are in the first half slot is {44, 36, 22, 20} for SCS {15kHz, 30kHz, 60kHz, 120kHz}, and for PDCCH monitoring occasion(s) whose first symbol(s) are in the second half slot is {44, 36, 22, 20} for SCS {15kHz, 30kHz, 60kHz, 120kHz}, respectively.
Proposal 5   	For NR Rel. 16 URLLC, the number of CCEs for channel estimation for PDCCH monitoring occasion(s) whose first symbol(s) are in the first half slot is {56, 56, 48, 32} for SCS {15kHz, 30kHz, 60kHz, 120kHz}, and for PDCCH monitoring occasion(s) whose first symbol(s) are in the second half slot is {56, 56, 48, 32} for SCS {15kHz, 30kHz, 60kHz, 120kHz}, respectively.
Proposal 6     	Introduce an offset parameter (taking value of 0, …, 5) to the configuration of regular CORSETs to align the 6-PRB grid of regular CORESETs with the grid of CORESET#0.
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Appendix
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[bookmark: _Ref528336552]Figure A-1: PDCCH link level results, TDL-C 300ns, 40 MHz BW, 4 GHz

[image: ]
Figure A-2: PDCCH link level results, TDL-C 300ns, 20 MHz BW, 700 MHz

Table A-1: The required SINR (dB) to achieve different target BLER
	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	Urban Macro, carrier frequency 4 GHz, 4 Tx/4 Rx, TDL-C 300 ns, 30 KHz, AL=16, 3 km/h

	R1-1901593, R1-1901599, R1-1902756
	-6.6
-6.8
	-
-7.2
	-7.2
-7.4
	1e-5
	0.35
	1.69
	-
	-

	
	-6.2
	-6.5
	-6.6
	1e-6
	
	
	
	

	Urban Macro, carrier frequency 700 MHz, 2 Tx/2 Rx, TDL-C 300 ns, 30 KHz, AL=16, 3 km/h

	R1-1901593, R1-1902757
	-3.4
	-3.7
	-3.9
	1e-5
	-1.96
	-2.3
	-
	-

	
	-2.3
	-2.7
	-2.8
	1e-6
	
	
	
	

	Urban Macro, carrier frequency 700 MHz, 2 Tx/4 Rx, TDL-C 300 ns, 30 KHz, AL=8, 3 km/h

	R1-1902757
	-4.6
	-
	-
	1e-5
	-1
	-
	-
	-

	
	-3.9
	-
	-
	1e-6
	
	
	
	

	Indoor factory automation, carrier frequency 4 GHz, 2 Tx/4 Rx, TDL-D 30 ns, 30 KHz, AL=16, 3 km/h

	R1-1902754, R1-1900170
	-7.6
	-
	-
	1e-5
	-
	-
	-
	1

	
	-6.9
	-
	-
	1e-6
	
	
	
	

	Indoor factory automation, carrier frequency 30 GHz, 2 Tx/2 Rx, CDL-A 20 ns, 120 KHz, AL=16, 3 km/h

	R1-1902755, R1-1900171
	-1.3
	-
	-
	1e-5
	-
	-
	-
	0.85

	
	-0.25
	-
	-
	1e-6
	
	
	
	

	Notes: 
5%-tile SINR1: The 5%-tile SINR for power distribution  
5%-tile SINR2: The 5%-tile SINR for Rel-15 enabled use case with urban Macro
5%-tile SINR3: The 5%-tile SINR for transport industry 
5%-tile SINR4: The 5%-tile SINR for factory automation
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