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1	Introduction
PDCCH enhancement is one of the focused topics in eURLLC SI [1]. In RAN1 #95 [2], the following agreements were made.
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

In this contribution, we first provide PDCCH reliability evaluation results based on Rel. 15 design. We then discuss remaining issues and potential enhancements to PDCCH which include aspects such as limitation of number of blind decodes and non-overlapping CCEs in a slot, PDCCH blocking, and possible new DCI format with size constraint.
[bookmark: _Ref178064866]2	Discussion
2.1	PDCCH evaluation
From physical layer point of view, high PDCCH reliability can be achieved by several means including 
· Improved UE/gNB hardware capabilities
· For example, more antennas at gNB and/or UE. 
· Enhanced gNB/UE implementation 
· Time domain/Frequency domain interference avoidance (e.g. using a soft reuse pattern for CORESET resources to reduce inter-cell interference)
· Spatial domain interference management via beamforming
· Advanced UE receivers
· NR PDCCH design choices 
· Distributed CCE mapping
· CORESET spanning multiple OFDM symbols
· Smaller DCI payload size 
· Higher aggregation levels (AL)

NR Rel. 15 supports up to AL 16 for PDCCH and fallback DCI format x_0 with smaller DCI size than the normal format x_1. Therefore, we first evaluate the performance of NR Rel-15 PDCCH design. 
2.1.1 PDCCH performance (Link level simulation)
In this section we provide link level performance of NR PDCCH for different aggregation levels (AL) and payload sizes. 
Both AL and DCI size can have impact on PDCCH performance. To make PDCCH transmission more robust, one can use high AL and/or small DCI payload size to lower PDCCH code rate. PDCCH performance comparison between different DCI sizes (excluding CRC) is given in Figure 1 and Figure 2. Here DCI size 40 bits serve as a reference for the Rel. 15 fallback DCI size, while DCI sizes 30 and 24 may be referred to as compact DCI sizes. 
We see that the gains of reducing DCI size from 40 to 24 bits are small especially at high AL, the gain is even smaller when reducing DCI size from 40 to 30 bits. The gain essentially depends on the level of code rate reduction. 
Simulation assumptions are provided in [6].


[image: ]
[bookmark: _Ref528336111]Figure 1: TDL-C 300ns, 40 MHz, 4GHz, 1os
[image: ]
[bookmark: _Ref528336552]Figure 2: TDL-C 300ns, 40 MHz, 4GHz, 2os

2.1.2 SINR distribution from system level simulation
[bookmark: _Hlk525730545]Further we perform system level simulation to obtain DL geometry for the urban macro scenario in [6], where the simulation results show that, to fulfill the performance requirements, PDCCH BLER of 10-5 or 10-6 should be achieved at SNR lower than the corresponding Q-value (1.69 dB).


[bookmark: _Toc509832033][bookmark: _Toc510080359][bookmark: _Toc510632109][bookmark: _Toc510690113][bookmark: _Toc510700885][bookmark: _Toc510701044][bookmark: _Toc510774011][bookmark: _Toc510775986][bookmark: _Toc510788396][bookmark: _Toc525217037][bookmark: _Toc525220322][bookmark: _Toc525657378][bookmark: _Toc525658458][bookmark: _Toc525721074][bookmark: _Toc525821505][bookmark: _Toc525830311][bookmark: _Toc525831720][bookmark: _Toc525832654][bookmark: _Toc525832853][bookmark: _Toc525926653][bookmark: _Toc525943999][bookmark: _Ref528337015][bookmark: _Toc535003114]Existing NR PDCCH design provides sufficient performance for urban macro scenario, e.g., BLER =10-5 of fallback DCI (40 bits) with AL16 can be achieved at SNR much lower than the corresponding Q-value. 
[bookmark: _Toc525657379][bookmark: _Toc525658459][bookmark: _Toc525721075][bookmark: _Toc525821506][bookmark: _Toc525830312][bookmark: _Toc525831721][bookmark: _Toc525832655][bookmark: _Toc525832854][bookmark: _Toc525926654][bookmark: _Toc525944000][bookmark: _Toc535003115]Compact DCI provides only small PDCCH performance gain at high AL and moderate gain at low AL. 

[bookmark: _GoBack]2.1.3	PDCCH blocking analysis  
When a URLLC UE operates with good channel condition, it is reasonable to use low AL for PDCCH. It was argued that compact DCI can have positive impact on PDCCH multiplexing capacity as more UEs with good channel conditions can use low AL, and thus reducing blocking probability.
We investigate the impact of using compact DCI on PDCCH blocking probability. SINR distribution from system level simulation and PDCCH link level results are used to generate AL distribution for different DCI sizes. Blocking probability is computed based on the AL distribution and NR search space design. It is assumed that each UE is scheduled with one DCI and all UEs are scheduled simultaneously. 
PDCCH blocking probability is studied as a function of DCI size, number of UEs, and CORESET resources. More specifically, DCI sizes of 40, 30, and 24 bits (excluding CRC) are considered. Number of UEs in a cell is considered from 4 to 10. CORESET resources are determined based on CORESET duration and bandwidth. CORESETs are assumed to occupy 1 or 2 OFDM symbols with 40 MHz BW.

2.1.3.1 AL distribution 
Based on link level results for BLER with different DCI sizes and system level results for distribution of different aggregation levels (AL) in [6] we derive the results in Table 1 and Table 2, the probability for {DCI size X bits, AL Y} is the probability that a UE needs AL-Y to achieve BLER of 10-5, when the DCI size is X bits for all the UEs.
Table 1. AL distribution corresponding to target PDCCH BLER of 1E-5 for different DCI sizes (1os CORESET)
	Probability
	AL1
	AL2
	AL4
	AL8
	AL16

	DCI size = 40
	70.23% 
	22.57%   
	6.00%    
	0.61%    
	0.44%

	DCI size = 30
	73.98%   
	19.83%    
	5.20%    
	0.46%    
	0.43%

	DCI size = 24
	76.89%   
	17.80%    
	4.39%   
	0.45%    
	0.42%



Table 2. AL distribution corresponding to target PDCCH BLER of 1E-5 for different DCI sizes (2os CORESET)
	Probability
	AL1
	AL2
	AL4
	AL8
	AL16

	DCI size = 40
	57.73%   
	32.33%    
	8.48%   
	0.87%    
	0.43%

	DCI size = 30
	66.34% 
	25.73%   
	6.81%    
	0.60%    
	0.41%

	DCI size = 24
	69.98%   
	23.18%   
	5.85%   
	0.50%    
	0.40%



2.1.3.2 PDCCH blocking probability
Blocking probability is then computed based on the AL distribution and search space design, assuming: 
· each UE is scheduled with one DCI, and 
· all UEs are scheduled simultaneously, and 
· the number of PDCCH candidates for each AL 1, 2, 4, 8, 16 are 8, 8, 4, 2, 1, respectively.

[image: ]
[bookmark: _Ref528336664]Figure 3: Blocking probability as a function of DCI size, average number of UEs, and CORESET sizes

It can be seen from Figure 3 that blocking probability depends on several parameters such as DCI size, number of UEs, and CORESET sizes. In this contribution, we assume deterministic traffic where all UEs are scheduled simultaneously, which is considered as the worst-case scenario. If different traffic models are considered, different levels of blocking can also be expected. As a general observation, we see that  
· Increasing the number of UEs increases blocking probability
· Reducing DCI size decreases blocking probability
· Increasing CORESET size decreases blocking probability
In terms of blocking probability improvement for a given number of UEs, it is evident that using small DCI size provide much smaller gain compared to using larger control resources.  

[bookmark: _Toc525657380][bookmark: _Toc525658460][bookmark: _Toc525721076][bookmark: _Toc525821507][bookmark: _Toc525830313][bookmark: _Toc525831722][bookmark: _Toc525832656][bookmark: _Toc525832855][bookmark: _Toc525926655][bookmark: _Toc525944001][bookmark: _Toc535003116]Blocking probability depends on several parameters such as CORESET size, number of UEs, and traffic load. 
[bookmark: _Toc525821508][bookmark: _Toc525830314][bookmark: _Toc525831723][bookmark: _Toc525832657][bookmark: _Toc525832856][bookmark: _Toc525926656][bookmark: _Toc525944002][bookmark: _Toc535003117]Reducing DCI size by 40% (40bits to 24 bits) provides only small improvement for blocking probability. 
[bookmark: _Toc525831724][bookmark: _Toc525832658][bookmark: _Toc525832857][bookmark: _Toc525926657][bookmark: _Toc525944003][bookmark: _Toc535003118]Using more control resources such as larger CORESET size can provide much significant improvement to the blocking probability.  
2.2	Issues with compact DCI
As can be seen from the discussion and results above, the use of compact DCI in terms of PDCCH reliability enhancement is not very well motivated. The gain from reducing the DCI size is rather small especially for high AL (e.g., less than 0.5 dB for 10-bit reduction with AL16) since PDCCH code rate is already small to start with. It can be seen from the results that performance of the existing Rel-15 NR PDCCH design (with fallback DCI size and AL16) is generally sufficient for URLLC requirement. If further reliability enhancement is required, specification-transparent methods such as power control and use of multiple antennas can be considered. The impact of compact DCI on PDCCH blocking is also small as shown in Figure 3.
2.2.1 The impact on PDSCH/PUSCH scheduling flexibility
[bookmark: _Hlk528070716]More importantly, we note that using compact DCI for scheduling can have a negative impact on scheduling flexibility, due to much coarser information contained in a DCI. For example, with compact DCI of size 24 bits excluding CRC, resource allocation fields in the DCI can be much less flexible leading to inefficient PDSCH/PUSCH scheduling. For example, a limited set of PDSCH resources can in turn lead to the PDSCH blocking event. An example of PDSCH blocking impact from coarse frequency domain allocation is shown in Figure 4. We can see, for example, that even increasing RBG size from 2 to 4 PRBs increases the PDSCH blocking probability significantly.
[image: ]
[bookmark: _Ref528336732]Figure 4: PDSCH blocking probability as a function of UEs per cell with Poisson arrival traffic pattern, for different resource block group (RBG) sizes. PDSCH resources are assumed to be 40 MHz BW. Latency bound is 1 ms.

2.2.2 The impact on PDCCH blind decoding/DCI size budget
Due to demodulation and decoding complexity constraint at the UE, there exists a budget on the number of DCI sizes UE should monitor per slot, i.e., 3 different sizes for DCI scrambled by C-RNTI and 1 additional for other RNTI [5] as agreed in Rel-15. So, introducing another DCI format with smaller size will be even more challenging for satisfying the DCI size limitation.

It is important to consider the overall performance of the system considering a tradeoff between PDCCH blocking reduction, blind decoding complexity, and PDSCH scheduling flexibility. Our results show that PDCCH blocking improvement is much smaller than potential loss on PDSCH blocking due to inflexible resource allocation from compact DCI. Therefore, we propose that compact DCI with reduced DCI size is not introduced in Rel-16.  
[bookmark: _Toc525657381][bookmark: _Toc525658461][bookmark: _Toc525721077][bookmark: _Toc525821509][bookmark: _Toc525830315][bookmark: _Toc525831725][bookmark: _Toc525832659][bookmark: _Toc525832858][bookmark: _Toc525926658][bookmark: _Toc525944004][bookmark: _Toc535003119]There exists an unfavorable tradeoff between PDCCH blocking probability and PDSCH scheduling flexibility when considering compact DCI. 
[bookmark: _Toc535003120]Compact DCI increases the difficulty to satisfy DCI size limitation for the UE.


[bookmark: _Toc535003434]Proposal 1	Compact DCI with reduced DCI size is not introduced.

2.3	New DCI format
An alternative to compact DCI for PDCCH enhancement in Rel. 16 may be considered. 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 normal 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 limited flexibility, e.g., without any multi-antenna related parameters. On the other hand, normal DCI can provide flexible scheduling with multi-layer transmission. 
Due to high reliability requirement of URLLC, we see that it is beneficial to use a small size fallback DCI for good PDCCH performance. At the same time, it can be beneficial to have parameters such as multi-antenna related ones to support high reliability transmission. This can motivate a new DCI format having the same size as the fallback DCI but improved from the fallback DCI to swap in some useful fields, e.g., some fields that exist in the normal DCI but are absent in fallback DCI. By having the new DCI formats with the same size as existing DCI formats, blind decoding complexity can be kept the same.
We note that if introduced, its use 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: _Toc535003435]Proposal 2	If a new DCI format is introduced for URLLC with size constraint, it has the same size as the fallback DCI formats 0-0/1-0.

2.3.1 New DCI format contents
As discussed in previous section, it is reasonable to have a new DCI format with the same size as the fallback DCI format 0-0 and 1-0. For the new DCI format with size constraint, we provide in Tables 3 and 4 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 [5]. In the tables below, the yellow highlighted fields are proposed for potential reduction, while the blue highlighted fields are proposed additions to the fall-back DCIs.
Table 3. 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 latecny 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 4. 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: _Toc535003121]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.
[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: _Toc535003122]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.

2.3.2 DCI size alignment
To construct a new DCI format having the same size as the existing DCI formats 0-0 or 1-0, it is reasonable to consider the existing DCI formats 0-0 or 1-0 as a starting point. One or more fields in the existing DCI formats 0-0 or 1-0 may be removed, or the field sizes may be reduced to make room for some new fields. 
However, the sizes of DCI formats 0-0 or 1-0 are not fixed. For example, frequency domain resource allocation field based on RA type 1 depends on the size of initial or active BWP. To have the new DCI format size-aligned with the DCI formats 0-0 or 1-0, some rule for DCI size alignment is required.
If RAN1 agrees on fields in the existing DCI formats 0-0 or 1-0 to be reduced/removed, and new fields to be added to form a new DCI format, some of these fields may be fixed or allowed to vary depending on configurations (flexible formatting). In either case, it is possible to have DCI size alignment by adjusting the frequency domain allocation field in the new DCI format by 
1) scaling an RBG size or
2) configuring specific RBG size. 

For the first case, an RBG size is dynamically and implicitly adjusted by scaling the configured RBG size to make the size of new DCI format aligned with the size of DCI format 0-0/1-0 for a given BWP. This adjustment can be done by both gNB and UE without any extra signalling. 
For the second case, the RBG size can be semi-statically configured associated with the configuration of the new DCI format to make the size of new DCI format aligned with the size of DCI format 0-0/1-0. 
[bookmark: _Toc513715730][bookmark: _Toc513850483][bookmark: _Toc535003436]Proposal 3    	If a new DCI format is introduced with size constraint, a rule for size-alignment should be considered. The rule can be based on dynamically or semi-statically configured RBG size to reduce frequency domain allocation.

[bookmark: _Toc513715650]2.3.3 DCI format indication
If the new DCI format is introduced with the size constraint, e.g., same size as the fallback DCI, the UE should be able to differentiate the new and fallback DCI formats when performing blind decoding. Possible options for DCI format indication may include, e.g.,

· Implicit indication based on specific RNTI or search space
· For example, different RNTI are associated with the fallback and new DCI formats. Or a UE may be configured with two search spaces where the first search space is for monitoring the existing DCI format and the second search space for the new DCI format.

· [bookmark: _Hlk513220937]Explicit indication as a field in the new DCI format
· It may be used together with a new DCI configuration in RRC, allowing for flexible formatting. In some scenarios, there may also be desirable to have several new formats to dynamically switch between. The explicit indictor field can support such scenarios and can be forward compatible for other use-cases beyond URLLC (see also our companion paper [6] for more details).   

Let the new DCI be denoted 0-x and 1-x for UL and DL, respectively. 
With implicit indication of the new and fallback DCI formats using search space method the RRC specification [7] need slight changes in red:
-- ASN1START
-- TAG-SEARCHSPACE-START

SearchSpace ::= 						SEQUENCE { 
	searchSpaceId							SearchSpaceId,
	controlResourceSetId					ControlResourceSetId	OPTIONAL, 	-- Cond SetupOnly
	monitoringSlotPeriodicityAndOffset		CHOICE {
		sl1										NULL, 
		sl2										INTEGER (0..1), 
		sl4										INTEGER (0..3), 
		sl5 									INTEGER (0..4),
		sl8										INTEGER (0..7), 
		sl10 									INTEGER (0..9),
		sl16 									INTEGER (0..15),
		sl20 									INTEGER (0..19)
	}																													OPTIONAL,	-- Cond Setup
	monitoringSymbolsWithinSlot					BIT STRING (SIZE (14))	OPTIONAL, 	-- Cond Setup
	nrofCandidates							SEQUENCE {
		aggregationLevel1						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
		aggregationLevel2						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
		aggregationLevel4						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
		aggregationLevel8						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
		aggregationLevel16						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}
	}				OPTIONAL,	-- Cond Setup
	searchSpaceType							CHOICE {
		common									SEQUENCE {
			dci-Format0-0-AndFormat1-0					SEQUENCE {
				...
			}		OPTIONAL,	-- Need R
			dci-Format0-X-AndFormat1-X					SEQUENCE {
				...
			}		OPTIONAL,	-- Need R 
			dci-Format2-0		SEQUENCE {
				nrofCandidates-SFI		SEQUENCE {
					aggregationLevel1		ENUMERATED {n1, n2}			OPTIONAL,	-- Need R
					aggregationLevel2		ENUMERATED {n1, n2}			OPTIONAL,	-- Need R
					aggregationLevel4		ENUMERATED {n1, n2}			OPTIONAL,	-- Need R
					aggregationLevel8		ENUMERATED {n1, n2}			OPTIONAL,	-- Need R
					aggregationLevel16		ENUMERATED {n1, n2}			OPTIONAL	-- Need R
				},
				...
			}		OPTIONAL,	-- Need R
			dci-Format2-1		SEQUENCE {
				...
			}		OPTIONAL,	-- Need R
			dci-Format2-2		SEQUENCE {
				...
			}		OPTIONAL,	-- Need R
			dci-Format2-3		SEQUENCE {
				monitoringPeriodicity	ENUMERATED {n1, n2, n4, n5, n8, n10, n16, n20 }	OPTIONAL, 	-- Cond Setup
			nrofPDCCH-Candidates	ENUMERATED {n1, n2},
				...
			}		OPTIONAL	-- Need R
		},
		ue-Specific				SEQUENCE {
			dci-Formats				ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1, formats0-X-And-1-X },
			... 
		}
	}			OPTIONAL	-- Cond Setup
}

The UE may in this way be configured with a search space ID “0” such that the sequence of DCI formats equals { formats0-0-And-1-0, formats0-1-And-1-1} and a search space ID “1” such that sequence of DCI formats equals { formats0-X-And-1-X, formats0-1-And-1-1}. To avoid format conflict, the UE shall not expect to be configured with a search space including for new and fallback DCI format. To enable UE to monitor both new and fallback DCI formats at same monitoring occasion the UE need to be configured with an additional search space ID for new DCI format.

[bookmark: _Toc513715580][bookmark: _Toc513715661][bookmark: _Toc513715581][bookmark: _Toc513715662][bookmark: _Toc513715582][bookmark: _Toc513715663][bookmark: _Toc513715583][bookmark: _Toc513715664][bookmark: _Toc513715584][bookmark: _Toc513715665][bookmark: _Toc513715585][bookmark: _Toc513715666][bookmark: _Toc513715586][bookmark: _Toc513715667][bookmark: _Toc513715587][bookmark: _Toc513715668][bookmark: _Toc513715588][bookmark: _Toc513715669][bookmark: _Toc513715589][bookmark: _Toc513715670][bookmark: _Toc513715590][bookmark: _Toc513715671][bookmark: _Toc513715591][bookmark: _Toc513715672][bookmark: _Toc513715592][bookmark: _Toc513715673][bookmark: _Toc513715593][bookmark: _Toc513715674][bookmark: _Toc513715594][bookmark: _Toc513715675][bookmark: _Toc513715595][bookmark: _Toc513715676][bookmark: _Toc513715596][bookmark: _Toc513715677][bookmark: _Toc513715597][bookmark: _Toc513715678][bookmark: _Toc513715598][bookmark: _Toc513715679][bookmark: _Toc513715599][bookmark: _Toc513715680][bookmark: _Toc513715600][bookmark: _Toc513715681][bookmark: _Toc513715601][bookmark: _Toc513715682][bookmark: _Toc513715602][bookmark: _Toc513715683][bookmark: _Toc513715603][bookmark: _Toc513715684][bookmark: _Toc513715604][bookmark: _Toc513715685][bookmark: _Toc513715605][bookmark: _Toc513715686][bookmark: _Toc513715606][bookmark: _Toc513715687][bookmark: _Toc513715607][bookmark: _Toc513715688][bookmark: _Toc513715608][bookmark: _Toc513715689][bookmark: _Toc513715609][bookmark: _Toc513715690][bookmark: _Toc513715610][bookmark: _Toc513715691][bookmark: _Toc513715611][bookmark: _Toc513715692][bookmark: _Toc513715612][bookmark: _Toc513715693][bookmark: _Toc513715613][bookmark: _Toc513715694][bookmark: _Toc513715614][bookmark: _Toc513715695][bookmark: _Toc513715615][bookmark: _Toc513715696][bookmark: _Toc513715616][bookmark: _Toc513715697][bookmark: _Toc513715617][bookmark: _Toc513715698][bookmark: _Toc513715618][bookmark: _Toc513715699][bookmark: _Toc513715619][bookmark: _Toc513715700][bookmark: _Toc513715620][bookmark: _Toc513715701][bookmark: _Toc513715621][bookmark: _Toc513715702][bookmark: _Toc513715622][bookmark: _Toc513715703][bookmark: _Toc513715623][bookmark: _Toc513715704][bookmark: _Toc513715624][bookmark: _Toc513715705][bookmark: _Toc513715625][bookmark: _Toc513715706][bookmark: _Toc513715626][bookmark: _Toc513715707][bookmark: _Toc513715627][bookmark: _Toc513715708][bookmark: _Toc513715628][bookmark: _Toc513715709][bookmark: _Toc513715629][bookmark: _Toc513715710][bookmark: _Toc513715630][bookmark: _Toc513715711][bookmark: _Toc513715631][bookmark: _Toc513715712][bookmark: _Toc513715632][bookmark: _Toc513715713][bookmark: _Toc513715633][bookmark: _Toc513715714][bookmark: _Toc513715634][bookmark: _Toc513715715][bookmark: _Toc513715635][bookmark: _Toc513715716][bookmark: _Toc513715636][bookmark: _Toc513715717][bookmark: _Toc513715637][bookmark: _Toc513715718][bookmark: _Toc513715638][bookmark: _Toc513715719][bookmark: _Toc513715639][bookmark: _Toc513715720][bookmark: _Toc513715640][bookmark: _Toc513715721][bookmark: _Toc513715641][bookmark: _Toc513715722][bookmark: _Toc513715642][bookmark: _Toc513715723][bookmark: _Toc513652928][bookmark: _Toc513652959][bookmark: _Toc513715643][bookmark: _Toc513715724][bookmark: _Toc513850465][bookmark: _Toc535003123][bookmark: _Toc513715644][bookmark: _Toc513715725]New DCI format can be implicitly indicated using search space.

Another implicit method is to indicate the format in the CRC scrambling. For PDCCH, 16-bit RNTI is masked to the last 16 CRC bits of the 24 CRC bits. Without impacting the decoding procedure nor the RNTI-masking the last un-scrambled bit can be used as indicator of new format. Let the 1-bit indictor be m, the 38.212 specification [8] can be changes as follows:

	


After attachment, the CRC parity bits are scrambled with the corresponding RNTI  , where  corresponds to the MSB of the RNTI, and the corresponding DCI format mask  to form the sequence of bits . The relation between ck and bk is:

		for k = 0, 1, 2, …, 
           , for 




	, for k = , ,,..., . 




[bookmark: _Toc513652929][bookmark: _Toc513652960][bookmark: _Toc513715645][bookmark: _Toc513715726][bookmark: _Toc513850466][bookmark: _Toc535003124][bookmark: _Toc513715646][bookmark: _Toc513715727]New DCI format can be implicitly indicated using CRC scrambling.
Based on our observations we propose:
[bookmark: _Toc513652932][bookmark: _Toc513652963][bookmark: _Toc513715651][bookmark: _Toc513715731][bookmark: _Toc513850484][bookmark: _Toc535003437]Proposal 4	New DCI format is implicitly indicated 
i. [bookmark: _Toc513652933][bookmark: _Toc513652964][bookmark: _Toc513715652][bookmark: _Toc513715732][bookmark: _Toc513850485][bookmark: _Toc535003438]using specific RNTI or search space, or
ii. [bookmark: _Toc513652934][bookmark: _Toc513652965][bookmark: _Toc513715653][bookmark: _Toc513715733][bookmark: _Toc513850486][bookmark: _Toc535003439]using CRC scrambling

As discussed, the new DCI formats can be defined for URLLC service, and existence of such DCI formats serve as an implicit indication to physical layer that URLLC service is present. Specifically, for the PDCCH monitoring occasions where new DCI is possible (according to monitoring periodicity and offset), URLLC traffic (PDSCH and PUSCH) is possible.
[bookmark: _Toc513715654][bookmark: _Toc513715734][bookmark: _Toc513850487][bookmark: _Toc535003440]Proposal 5         Existence of the new DCI format serves as an indication that URLLC service exist in the active BWP.
Since the desired or needed transmission scheme is scenario-dependent the new format may be desired to be flexible. For example, in some scenarios UL pre-coding can be used and is also desired to be used while in other scenarios UL pre-coding is not supported. The new DCI format may hence be desired to support be RRC configured where RRC configuration may indicate number of bits for some fields while other fields have fixed size. In some scenarios there may be desired to have several new formats to dynamically switch between. To support such scenarios the new DCI format may comprise an explicit indicating (a DCI field) the formatting of the DCI. If new DCI format comprises a bit-field for DCI formatting indication the new DCI format can be forward compatible for other use-cases beyond URLLC.
[bookmark: _Toc513715647][bookmark: _Toc513715728][bookmark: _Toc513850467][bookmark: _Toc535003125]Explicit DCI formatting indication in new DCI format enables forward-compatibility where new DCI format can be used beyond URLLC needs.  
We therefore propose: 
[bookmark: _Toc535003441][bookmark: _Toc513652935][bookmark: _Toc513652966][bookmark: _Toc513715655][bookmark: _Toc513715735][bookmark: _Toc513850488]Proposal 6	New DCI format can be configured to contain an explicit DCI format indicator. 

2.4	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 the table below.
Based on the analysis in the companion contribution [4], 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 5. 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: _Toc535003126]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 6 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

	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 7 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. In contrast to the analysis in Section 2.2 where blocking is considered per PDCCH occasion, here we consider PDCCH blocking event within a slot. 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 8 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: _Toc535003442]Proposal 7	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 6 and Table 7, 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: _Toc535003443][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]Proposal 8   	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: _Toc535003444][bookmark: _Toc513829533][bookmark: _Toc521621393][bookmark: _Toc521621424][bookmark: _Toc521621462][bookmark: _Toc521708965]Proposal 9   	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.

2.5 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 6. 
[image: cid:image003.jpg@01D4A990.57EDE420]
Figure 6: 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: _Toc535003127]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: _Toc535003445]Proposal 10     	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	Existing NR PDCCH design provides sufficient performance for urban macro scenario, e.g., BLER =10-5 of fallback DCI (40 bits) with AL16 can be achieved at SNR much lower than the corresponding Q-value.
Observation 2	Compact DCI provides only small PDCCH performance gain at high AL and moderate gain at low AL.
Observation 3	Blocking probability depends on several parameters such as CORESET size, number of UEs, and traffic load.
Observation 4	Reducing DCI size by 40% (40bits to 24 bits) provides only small improvement for blocking probability.
Observation 5	Using more control resources such as larger CORESET size can provide much significant improvement to the blocking probability.
Observation 6	There exists an unfavorable tradeoff between PDCCH blocking probability and PDSCH scheduling flexibility when considering compact DCI.
Observation 7	Compact DCI increases the difficulty to satisfy DCI size limitation for the UE.
Observation 8	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.
Observation 9	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 10	New DCI format can be implicitly indicated using search space.
Observation 11	New DCI format can be implicitly indicated using CRC scrambling.
Observation 12	Explicit DCI formatting indication in new DCI format enables forward-compatibility where new DCI format can be used beyond URLLC needs.
Observation 13	To support URLLC with latency requirement of 1ms, more than three PDCCH monitoring occasions per slot are required.
Observation 14	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	Compact DCI with reduced DCI size is not introduced.
Proposal 2	If a new DCI format is introduced for URLLC with size constraint, it has the same size as the fallback DCI formats 0-0/1-0.
Proposal 3    	If a new DCI format is introduced with size constraint, a rule for size-alignment should be considered. The rule can be based on dynamically or semi-statically configured RBG size to reduce frequency domain allocation.
Proposal 4	New DCI format is implicitly indicated
i.	using specific RNTI or search space, or
ii.	using CRC scrambling
Proposal 5         Existence of the new DCI format serves as an indication that URLLC service exist in the active BWP.
Proposal 6	New DCI format can be configured to contain an explicit DCI format indicator.
Proposal 7	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 8   	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 9   	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 10     	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.
 
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Hlk525729829]RP-181477 New SID on Physical Layer Enhancements for NR URLLC, Huawei, HiSilicon, Nokia, Nokia Shanghai Bell.
3GPP RAN1#95, Chairman’s note.
R1-1812168 – Reliability Evaluation of Rel-15 Enabled URLLC Use Cases, Ericsson, November 2018.
[bookmark: _Ref525893543]R1-1900175 – Latency Evaluation of Rel-15 URLLC, Ericsson, January 2019.
3GPP TS 38.212 V15.3.0 Multiplexing and channel coding.
R1-1900171 Performance evaluation of Compact DCI, Ericsson, January 2019.
3GPP TS 38.331 V15.3.0 Radio Resource Control (RRC) protocol specification.


image4.emf
4 5 6 7 8 9 10 11 12 13

Average no of scheduled users

10

-8

10

-6

10

-4

10

-2

10

0

P

D

S

C

H

 

b

l

o

c

k

i

n

g

 

p

r

o

b

a

b

i

l

i

t

y

RBG size=2 PRBs

RBG size=4 PRBs

RBG size=8 PRBs

RBG size=16 PRBs


image5.wmf
15

,

1

,

0

,

,...,

,

rnti

rnti

rnti

x

x

x


oleObject1.bin

image6.wmf
0

,

rnti

x


oleObject2.bin

image7.wmf
1

3

2

1

0

,...,

,

,

,

-

K

c

c

c

c

c


oleObject3.bin

image8.wmf
k

k

b

c

=


oleObject4.bin

image9.wmf
8

+

A


oleObject5.bin

image10.wmf
9

+

A


oleObject6.bin

image11.wmf
10

+

A


oleObject7.bin

image12.wmf
23

+

A


oleObject8.bin

image13.jpeg
— Point A

CORESET 0 (24 PRBs) FRE

| CORESET 1/(36 PRBs)

6-PRB freq grid for
CORESET other than 0




image1.png
Block Error Rate

F

S
4
T

10»3 L

F

9
L
:

10»5 L

los CORESET, 40 MHz
T

—+=)— dci_bits = 40, AL1
= > = dci_bits = 30, AL1
—— dci_bits = 24, AL1
—=3fe— dci_bits = 40, AL2
— dci_bits = 30, AL2
dci_bits = 24, AL2
-7 dcl bits = 40, AL4
its = 30, AL4
its = 24, AL4
its = 40, AL8
its = 30, AL8
its = 24, AL8

- X- dcl bits = 30, AL16

X—E—dcl_blts =24, AL16

its = 40, AL16 | _|

107°¢
-15

target SNR [dB]

15




image2.png
Block Error Rate

10»1 L

10»3 L

10»4 L

10»5 L

20s CORESET, 40 MHz
T

—+=)— dci_bits = 40, AL1
= > = dci_bits = 30, AL1
—— dci_bits = 24, AL1
—=3fe— dci_bits = 40, AL2
— dci_bits = 30, AL2
dci_bits = 24, AL2
—~— dci_bits = 40, AL4
— £\~ dci_bits = 30, AL4
its = 24, AL4
its = 40, AL8
its = 30, AL8
its = 24, AL8

its = 40, AL16 | |

— X — dci_bits = 30, AL16
—E— dci_bits = 24, AL16

107°¢
-15

target SNR [dB]

15




image3.png
Blocking probability

10°

0. 205 CORESET
4, 208 CORESET

Number of UEs.

10




