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Introduction

This contribution provides a TP for Section 6.1 (i.e. PDCCH enhancements), including capturing additional evaluation results on PDCCH reliability from companies and some more analysis to show a more complete picture of RAN1 study. Note that the changes made based on RAN1#96 agreements are made using “Chengyan” and the changes from this TP are made using “Chengyan_2”.    
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Text Proposal
--------------------------------------Start of Text Proposal on TR 38.824----------------------------------------------
6
Layer 1 enhancements 

6.1
PDCCH enhancements 

6.1.1
Rel-15 NR PDCCH evaluation 

PDCCH evaluations include evaluation of PDCCH reliability and evaluation of PDCCH blocking. In order to investigate the necessity of potential PDCCH enhancements for NR Rel-16 URLLC, Rel-15 NR PDCCH evaluations were performed. 

Rel-15 NR PDCCH reliability 
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, where x is the reliability requirement given in the table of representative use case for evaluation as shown in Table A.2-1, and the 5%-tile SINR geometry is obtained by system-level simulation assuming full buffer for a given evaluation scenario.   
16 sources evaluate PDCCH reliability with evaluation results as shown in Table 6.1.1-1, where 14 sources provide the evaluation results on Rel-15 NR PDCCH reliability.    
-
For carrier frequency 4 GHz with antenna configuration of 4 Tx/4 Rx, channel model of TDL-C 300 ns and a CORESET with 1 or 2 symbols, 6 sources show that Rel-15 NR PDCCH (e.g. DCI payload size 40 bits and AL=16) can meet the reliability of 99.9999% at the 5%-tile SINR geometry.
-
For carrier frequency 700MHz with antenna configuration of 2 Tx/2 Rx, channel model of TDL-C 300 ns, 20 MHz and a CORESET with 2 symbols, six sources show that Rel-15 NR PDCCH (e.g. DCI payload size 40 bits and AL=16) can meet the reliability of 99.9999% at the 5%-tile SINR geometry, and two sources show that Rel-15 NR PDCCH (e.g. DCI payload size 40 bits and AL=16) cannot meet the reliability of 99.9999% at the 5%-tile SINR geometry.
Table 6.1.1-1: The required SINR (dB) to achieve different target BLER 
	Urban Macro, carrier frequency 4 GHz, 4 Tx/4 Rx, TDL-C 300 ns, 30 KHz, AL=16, 3 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	1 (R1-1900043)
	-7.5
	
	-8.1
	1e-6
	-2.2
	-4
	-
	-

	2 (R1-1901767)
	-8.1
	-8.7
	-9.1
	1e-6
	-0.06
	-1.04
	-
	-

	3 (R1-1900493)
	-7.9
	
	-8.6
	1e-6
	-2.282
	-2.542
	-
	-

	4 (R1-1900208)
	-7.5
	
	-8.5
	1e-6
	-3.1
	
	-
	-

	5 (R1-1900126)
	-5.829
	
	-6.748
	1e-6
	-2.696
	
	-
	-

	6 (R1-1901593)
	-6.2
	-6.5
	-6.6
	1e-6
	0.35
	1.69
	-
	-

	

	6 (R1-1901593)
	-6.8
	-7.2
	-7.4
	1e-5
	0.35
	1.69
	-
	-

	7 (R1-1902002)
	-8.3
	
	-8.9
	1e-5
	-0.3
	
	-
	-

	8 (R1-1900281)
	-8.2
	
	
	1e-5
	-2.7
	-3.35
	-
	-

	9 (R1-1902045)
	-8.6
	
	-9.4
	1e-5
	-3.15
	-3.73
	-
	-

	10 (R1-1900399)
	-9
	-9.5
	-10
	1e-5
	-3.3
	
	-
	-

	11 (R1-1900680)
	-5.5
	
	-6.2
	1e-5
	
	
	-
	-

	Urban Macro, carrier frequency 4 GHz, 4 Tx/4 Rx, TDL-C 300 ns, 30 KHz, AL=16, 60 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	1 (R1-1900043)
	-7.8
	
	-8.5
	1e-6
	-
	-
	-2
	-

	3 (R1-1900493)
	-8.2
	-8.85
	-9.2
	1e-5
	-
	-
	-2.337
	-

	Urban Macro, carrier frequency 700 MHz, 2 Tx/2 Rx, TDL-C 300 ns, 30 KHz, AL=16, 60 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	1 (R1-1900043)
	-3.8
	
	-4.5
	1e-6
	-
	-
	-2.6
	-

	3 (R1-1900493)
	-4.3
	
	
	1e-6
	-
	-
	-2.536
	-

	Urban Macro, carrier frequency 700 MHz, 2 Tx/2 Rx, TDL-C 100 ns, 30 KHz, AL=16, 30 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	3 (R1-1900493)
	-3.75
	
	
	1e-6
	-
	-
	-2.536
	-

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

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	1 (R1-1900043)
	-3.8
	
	-4.5
	1e-6
	-3.2
	-3.2
	-
	-

	2 (R1-1901767)
	-5
	-5.5
	
	1e-6
	
	
	-
	-

	3 (R1-1900493)
	-3.7
	
	
	1e-6
	-2.595
	
	-
	-

	4 (R1-190028)
	-4.8
	
	-5.7
	1e-6
	-3
	
	-
	-

	5 (R1-1900126)
	-1.693
	
	-2.752
	1e-6
	-1.729
	
	-
	-

	6 (R1-1901593)
	-2.3
	-2.7
	-2.8
	1e-6
	-1.96
	-2.3
	
	

	8 (R1-1900281)
	-5
	
	
	1e-6
	-2.6
	-2.55
	-
	-

	
	
	
	
	
	
	
	
	

	

	6 (R1-1901593)
	-3.4
	-3.7
	-3.9
	1e-5
	-1.96
	-2.3
	
	

	12 (R1-1900803)
	
	
	-1.6
	1e-5
	-3.4
	
	-
	-

	Urban Macro, carrier frequency 700 MHz, 2 Tx/2 Rx, TDL-C 100 ns, 30 KHz, AL=16, 3 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	3 (R1-1900493)
	-3.3
	
	
	1e-6
	-2.595
	-
	-
	-

	Indoor hotspot, carrier frequency 4 GHz, 4 Tx/4 Rx, TDL-C 100 ns, 30 KHz, AL=16, 30 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4
(assuming 2Tx at gNB)

	3 (R1-1900493)
	-7.5
	
	
	1e-6
	-
	
	-
	-5

	Indoor hotspot, carrier frequency 4 GHz, 4 Tx/4 Rx, TDL-C 100 ns, 30 KHz, AL=16, 3 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4
(assuming 2Tx at gNB)

	3 (R1-1900493)
	-8.25
	-8.75
	-9.2
	1e-5
	-
	
	-
	-5

	Urban Macro, carrier frequency 4 GHz, 2 Tx/4 Rx, TDL-C 300 ns, 30 KHz, AL=16, 3 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	13 (R1-1812994)
	
	
	-8.1
	1e-5
	
	
	-
	-

	14 (R1-1900896)
	-8.2
	-8.5
	
	1e-5
	-3
	
	-
	-

	Urban Macro, carrier frequency 4 GHz, 2 Tx/4 Rx, TDL-A 30 ns, 30 KHz, AL=16, 3 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	14 (R1-1900896)
	-7.5
	-6.9
	
	1e-5
	-3
	-
	-
	-

	Urban Macro, carrier frequency 4 GHz, 2 Tx/2 Rx, TDL-C 300 ns, 30 KHz, AL=16, 3 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	13 (R1-1812994)
	
	
	-4.7
	1e-5
	
	
	-
	-

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

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	13 (R1-1812994)
	
	
	0.2
	1e-5
	
	
	-
	-

	Urban Macro, carrier frequency 4 GHz, 2 Tx/4 Rx, TDL-C 30 ns, 30 KHz, AL=16, 3 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	13 (R1-1812994)
	
	
	-5.5
	1e-5
	
	
	-
	-


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

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	15 (R1-1901557)
	-1.3
	
	-2.2
	1e-6
	-3.2
	-3.2
	-
	-

	Urban Macro, carrier frequency 700 MHz, 2 Tx/2 Rx, TDL-A 30 ns, 30 KHz, AL=16, 60 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	15 (R1-1901557)
	-1.7
	
	-2.7
	1e-6
	-
	-
	-2.6
	-

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

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	6 (R1-1901593)
	-7.6
	
	
	1e-5
	-
	-
	-
	1

	6 (R1-1901593)
	-6.9
	
	
	1e-6
	-
	-
	-
	1

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

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	6 (R1-1901593)
	-1.3
	-
	-
	1e-5
	-
	-
	-
	0.85

	6 (R1-1901593)
	-0.25
	-
	-
	1e-6
	-
	-
	-
	0.85

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

	Source
	44 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	16 (R1-1902804)
	-6.5
	-
	-
	1e-6
	-
	-
	-
	-2.8

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

	Source
	44 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	16 (R1-1902804)
	-5.4
	-
	-
	1e-6
	-
	-
	-
	8.9

	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


6.1.2
Compact DCI  

A DCI format with a size potentially smaller than that of DCI formats 0_0 and 1_0 is studied for scheduling URLLC data transmissions. Several aspects are considered in this study including targeting a reduction of at least 10 to 16 bits for the DCI format size compared to the size of DCI formats 0_0 and 1_0, the link level performance gain from PDCCH reliability perspective, PDCCH resource utilization considering all UEs in the cell, PDCCH blocking probability, performance impact to PDSCH/PUSCH capacity, impact on PDCCH blind decoding and DCI size budget, and impact on PDSCH/PUSCH scheduling flexibility. Note that it is concluded that there would be no change of DCI format 0_0 and 1_0 in common search space in this study.    
Link level performance gain from compact DCI

As shown in Table 6.1.1-1, 12 sources evaluate the link level performance gain from compact DCI.  
-
Eight sources show that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can provide 0.6dB ~ 1 dB gain for AL=16 assuming 4 GHz, 1e-5 or 1e-6 target BLER, 4 Rx at UE side, TDL-C and a CORESET with 1 or 2 symbols in time domain and 40 MHz in frequency domain.
-
Three sources show that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can provide 0.7dB ~ 1 dB gain for AL=16 assuming 700 MHz, 1e-6 target BLER, 2 Rx at UE side, TDL-C and a CORESET with 2 symbols in time domain and 20 MHz in frequency domain.
Evaluation on PDCCH resource utilization 

4 sources (R1-1900208, R1-1900043, R1-1900591 and R1-1900176) evaluate PDCCH resource utilization of compact DCI, where the average number of CCEs derived based on aggregation level distribution are compared between payload size of 40 and payload size of 24. The detailed evaluation results can be found in Table 6.1.2-1.        
-
Two sources show that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can save 14 % ~ 20% PDCCH resource used for URLLC UEs assuming 700 MHz, 1e-5 or 1e-6 target BLER for single PDCCH transmission, 2 Rx at UE side, TDL-C and a CORESET with 2 symbols in time domain, 20 MHz in frequency domain.
-
Three sources show that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can save 14 % ~ 16% PDCCH resource used for URLLC UEs assuming 4 GHz, 1e-5 or 1e-6 target BLER for single PDCCH transmission, 4Tx/4Rx at gNB side and 4 Rx at UE side, TDL-C and a CORESET with 1 or 2 symbols in time domain, 40 MHz in frequency domain.
-
One source shows that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can save 7 % ~ 11% PDCCH resource used for URLLC UEs assuming 4 GHz, 1e-5 target BLER for single PDCCH transmission, 16 Tx/16 Rx at gNB side and 2 Tx/4 Rx at UE side for SINR CDF geometry, 2 Tx/4 Rx for PDCCH BLER, TDL-C and a CORESET with 1 or 2 symbols in time domain, 40 MHz in frequency domain.
Table 6.1.2-1: The required SINR (dB) to achieve different target BLER 
	700MHz, 2Rx, 30 kHz, 2 OS CORESET, TDL-C 300ns, 3 km/h

	BLER
	Contribution
	PL
	AL16
	AL8
	AL4
	AL2
	AL1
	Average NR-PDCCH resources (CCE)
	NR-PDCCH resources saving of PL24

	1e-5
	R1-1900208
	PL40
	6%
	38%
	24%
	16%
	16%
	5.44
	20.22%

	
	
	PL24
	1%
	29%
	33%
	17%
	20%
	4.34
	

	1e-6
	R1-1900208
	PL40
	14%
	41%
	20%
	16%
	9%
	6.73
	18.12%

	
	
	PL24
	7%
	36%
	27%
	13%
	17%
	5.51
	

	
	R1-1900043
	PL40
	14.49%
	25.11%
	26.10%
	21.78%
	12.52%
	5.932
	14.22%

	
	
	PL24
	10.08%
	22.75%
	25.57%
	21.67%
	19.94%
	5.08
	

	700MHz, 2Rx, 30 kHz, 2 OS CORESET, TDL-C 300ns, 60 km/h

	BLER
	Contribution
	PL
	AL16
	AL8
	AL4
	AL2
	AL1
	Average NR-PDCCH resources (CCE)
	NR-PDCCH resources saving of PL24

	1e-6
	R1-1900043
	PL40
	13.57%
	30.42%
	29.18%
	16.11%
	10.72%
	6.20
	18.29%

	
	
	PL24
	8.56%
	22.76%
	32.65%
	21.12%
	14.82%
	5.07
	

	4GHz, 4Rx, 30 kHz, 2 OS CORESET, TDL-C 300ns, 3 km/h

	BLER
	Contribution
	PL
	AL16
	AL8
	AL4
	AL2
	AL1
	Average NR-PDCCH resources (CCE)
	NR-PDCCH resources saving of PL24

	1e-5
	R1-1900591
	PL40
	0.32%
	10.84%
	36.04%
	26.45%
	26.35%
	3.1524
	14.5%

	
	
	PL24
	0.14%
	6.59%
	30.95%
	28.32%
	34.00%
	2.694
	

	1e-6
	R1-1900208
	PL40
	0%
	11%
	34%
	26%
	29%
	3.05
	14.42%

	
	
	PL24
	0%
	5%
	33%
	27%
	35%
	2.61
	

	
	R1-1900043
	PL40
	3.55%
	4.52%
	21.06%
	29.31%
	41.56%
	2.77
	14.93%

	
	
	PL24
	2.75%
	2.64%
	14.63%
	32.32%
	47.66%
	2.35
	

	4GHz, 4Rx, 30 kHz, 2 OS CORESET, TDL-C 300ns, 60 km/h

	BLER
	Contribution
	PL
	AL16
	AL8
	AL4
	AL2
	AL1
	Average NR-PDCCH resources (CCE)
	NR-PDCCH resources saving of PL24

	1e-6
	R1-1900043
	PL40
	0%
	2.58%
	21.93%
	35.99%
	39.51%
	2.20
	16.15%

	
	
	PL24
	0%
	0.83%
	13.07%
	39.32%
	46.77%
	1.84
	

	4GHz, 2Tx/4Rx for PDCCH BLER, 16 Tx/16 Rx at gNB side and 2 Tx/4 Rx at UE side for SINR CDF geometry, 30 kHz, 1 OS CORESET, TDL-C 300ns, 3 km/h

	BLER
	Contribution
	PL
	AL16
	AL8
	AL4
	AL2
	AL1
	Average NR-PDCCH resources (CCE)
	NR-PDCCH resources saving of PL24

	1e-5
	R1-1900176
	PL40
	0.44%
	0.61%
	6.00%
	22.57%
	70.23%
	1.5129
	

	
	
	PL30
	0.43%
	0.46%
	5.20%
	19.83%
	73.98%
	1.45
	4.16%

	
	
	PL24
	0.42%
	0.45%
	4.39%
	17.80%
	76.89%
	1.4037
	7.22%

	4GHz, 2Tx/4Rx for PDCCH BLER, 16 Tx/16 Rx at gNB side and 2 Tx/4 Rx at UE side for SINR CDF geometry, 30 kHz, 2 OS CORESET, TDL-C 300ns, 3 km/h

	BLER
	Contribution
	PL
	AL16
	AL8
	AL4
	AL2
	AL1
	Average NR-PDCCH resources (CCE)
	NR-PDCCH resources saving of PL24

	1e-5
	R1-1900176
	PL40
	0.43%
	0.87%    
	8.48%   
	32.33%    
	57.73%   
	1.70
	

	
	
	PL30
	0.41%
	0.60%
	6.81% 
	25.73%
	66.34%
	1.564
	8.08%

	
	
	PL24
	0.40%
	0.50%    
	5.85%   
	23.18%   
	69.98%   
	1.50
	11.76%


Evaluation on other aspects  
PDCCH evaluations on other aspects are also studied, e.g. PDCCH blocking and impact on PDCCH blind decoding and/or DCI size budget. The summary of the corresponding evaluation can be found in R1-1903532, which summarizes the views and/or evaluations from companies.   
Design of DCI format scheduling Rel-16 NR URLLC 

Design of DCI format scheduling Rel-16 NR URLLC are studied. The summary of the candidate options and corresponding pros and cons can be found in R1-1903532, which summarizes the views and/or evaluations from companies. It is observed that the support of configurable sizes for some fields can provide flexibility, enabling a DCI size target a reduction of 10~16 bits less than the DCI format size of Rel-15 fallback DCI can further ensure the requirement of PDCCH reliability and may reduce PDCCH blocking, and providing the possibility to align with the size of the Rel-15 fallback DCI (including possible zero padding if any) can reduce the impact on blind decoding and/or DCI size budget. It is concluded that for the DCI format(s) scheduling Rel-16 NR URLLC, 

-
Support 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)
-
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 that reduction of other fields are not precluded
 -
Support at least one of the following configurable fields:
-
Antenna port(s) [0~2 bits]
-
Transmission configuration indication [0~3 bits]
-
Rate matching indicator [0~2 bits]
-
SRS request [0~3 bits]
-
PRB bundling size indicator [0~1 bit]
-
Carrier indicator [0~3 bits]
-
CSI request [0~3 bit]
-
ZP CSI-RS triggering [0~2 bits]
-
Beta offset indicator [0~2 bits]
-
SRS resource indicator [0~4 bits]
-
Repetition factor [0~2 bits]
-
Priority indication [0~3 bits]
-
Note: Other field(s) can be considered if needed
Note that the DCI format scheduling Rel-16 NR URLLC may or may not be new format, which is to be finalized in the work item phase. The set of configurable field(s) including bitwidths is to be finalized in work item phase depending on DL assignment or UL grant. Note that the conclusion here on DCI format scheduling Rel-16 NR URLLC doesn't imply the necessity to increase the DCI size budget (i.e. “3+1”) compared to Rel-15.  
<Unchanged parts are omitted>
--------------------------------------End of Text Proposal on 38.824----------------------------------------------
