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[bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
This document summarizes the key issues discussed under agenda item 7.2.6.1.1 based on the views expressed in the contributions submitted to this agenda. The agreements related to PDCCH enhancements achieved in the previous meetings are listed in Appendix A.
PDCCH enhancements  
Many companies have provided analysis and/or evaluation to study PDCCH enhancements [1][2][3][4][5][6][7][8][9][10][11][12][13][14][15][16][17][18][19][20][21][22], mainly focusing on compact DCI, PDCCH repetition and increased PDCCH monitoring capability. 
Compact DCI 
In the RAN1#95 meeting, several aspects were agreed to further study a DCI for URLLC with a size potentially smaller than that of Rel-15 fallback DCI, 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. 
  PDCCH reliability 
[bookmark: OLE_LINK1]As discussed in contributions submitted to section 7.2.6.1.1, for some use cases, e.g. transport industry and differential protection, the requirement of reliability is 99.999%, while for some other use cases, e.g. factory automation, the requirement of reliability is 99.9999%. The evaluation of PDCCH reliability should consider the requirement of reliability for the identified use cases. What operating target BLER for PDCCH to use depends on many factors, like the reliability requirement of data and/or whether to consider retransmissions. If HARQ retransmissions are allowed, the operating target BLER for PDCCH can be relaxed. However, it can be expected that when the latency budget is not sufficient, one-shot transmission has to be supported. In this case, the operating target BLER for PDCCH should be significantly smaller than the overall reliability requirement, e.g. target BLER of 1e-6 for PDCCH is required to meet the requirement of 1e-5 for data. In the RAN1#95 meeting, it was agreed that the target 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 and the 5%-tile SINR geometry is obtained by system-level simulation assuming full buffer.
Some companies have provided some initial evaluations on the PDCCH reliability. The summary of the evaluation results is shown in the Table 1 below: 
[bookmark: OLE_LINK7]Table 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 (Huawei, R1-1900043)
	-7.5
	
	-8.1
	1e-6
	-2.2
	-4
	-
	-

	2 (ZTE, R1-1900069)
	-8.1
	-8.7
	
	1e-6
	-0.06
	-1.04
	-
	-

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

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

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

	

	6 (CATT, R1-1900331)  
	-8.3
	
	
	1e-5
	-0.3
	
	-
	-

	7 (OPPO, R1-1900281)
	-8.2
	
	
	1e-5
	-2.7
	-3.35
	-
	-

	8 (Ericsson, R1-1900158)
	-6.6
	
	-7.2
	1e-5
	
	
	-
	-

	9 (LG, R1-1900591)
	-8.6
	
	-9.4
	1e-5
	
	
	-
	-

	10 (Panasonic, R1-1900399)
	-9
	
	-10
	1e-5
	-3.3
	
	-
	-

	11 (Sequans, 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 (Huawei, R1-1900043)
	-7.8
	
	-8.5
	1e-6
	-
	-
	-2
	-

	3 (Intel, R1-1900493)
	-8.2
	
	-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 (Huawei, R1-1900043)
	-3.8
	
	-4.5
	1e-6
	-
	-
	-2.6
	-

	3 (Intel, R1-1900493)
	-4.3
	
	
	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 (Huawei, R1-1900043)
	-3.8
	
	-4.5
	1e-6
	-3.2
	-3.2
	-
	-

	2 (ZTE, R1-1900069)
	-5
	-5.5
	
	1e-6
	
	
	-
	-

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

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

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

	7 (OPPO, R1-1900281)
	-5
	
	
	1e-6
	-2.6
	-2.55
	-
	-

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

	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

	3 (Intel, R1-1900493)
	-7.5
	
	
	1e-6
	-
	
	-
	-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 (Samsung, R1-1812994)
	
	
	-8.1
	1e-5
	
	
	-
	-

	14 (Qualcomm, 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 (Qualcomm, 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

	12 (Samsung, 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

	12 (Samsung, 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

	12 (Samsung, R1-1812994)
	
	
	-5.5
	1e-5
	
	
	-
	-

	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



Proposal 2.1-1: Capture the table below in TR 38.824.

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

	2 (ZTE, R1-1900069)
	-8.1
	-8.7
	
	1e-6
	-0.06
	-1.04
	-
	-

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

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

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

	

	6 (CATT, R1-1900331)  
	-8.3
	
	
	1e-5
	-0.3
	
	-
	-

	7 (OPPO, R1-1900281)
	-8.2
	
	
	1e-5
	-2.7
	-3.35
	-
	-

	8 (Ericsson, R1-1900158)
	-6.6
	
	-7.2
	1e-5
	
	
	-
	-

	9 (LG, R1-1900591)
	-8.6
	
	-9.4
	1e-5
	
	
	-
	-

	10 (Panasonic, R1-1900399)
	-9
	
	-10
	1e-5
	-3.3
	
	-
	-

	11 (Sequans, 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 (Huawei, R1-1900043)
	-7.8
	
	-8.5
	1e-6
	-
	-
	-2
	-

	3 (Intel, R1-1900493)
	-8.2
	
	-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 (Huawei, R1-1900043)
	-3.8
	
	-4.5
	1e-6
	-
	-
	-2.6
	-

	3 (Intel, R1-1900493)
	-4.3
	
	
	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 (Huawei, R1-1900043)
	-3.8
	
	-4.5
	1e-6
	-3.2
	-3.2
	-
	-

	2 (ZTE, R1-1900069)
	-5
	-5.5
	
	1e-6
	
	
	-
	-

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

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

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

	7 (OPPO, R1-1900281)
	-5
	
	
	1e-6
	-2.6
	-2.55
	-
	-

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

	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

	3 (Intel, R1-1900493)
	-7.5
	
	
	1e-6
	-
	
	-
	-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 (Samsung, R1-1812994)
	
	
	-8.1
	1e-5
	
	
	-
	-

	14 (Qualcomm, 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 (Qualcomm, 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

	12 (Samsung, 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

	12 (Samsung, 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

	12 (Samsung, R1-1812994)
	
	
	-5.5
	1e-5
	
	
	-
	-

	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



Based on the above inputs, we can get the following observations on the performance of Rel-15 NR PDCCH:
Observation 2.1-1: 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, five 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. 
Observation 2.1-2: 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, 12 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.
The evaluation on PDCCH reliability is meaningful and the observations can give some guidance for the performance of Rel-15 NR PDCCH and also show the outcome of our study. The above observations should be captured in the TR 38.824.  
Based on the above inputs, the following observations on compact DCI can be achieved. The gain are generally aligned with that observed in Rel-15 URLLC discussion.
Observation 2.1-3: 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. 
[bookmark: OLE_LINK52]Observation 2.1-4: 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.
As defined in the SID, Rel-16 URLLC should consider both FR1 and FR2 as well as TDD and FDD. Based on the above observations, PDCCH reliability can be met for 4 GHz, and it can be observed that there is sufficient room between the required SINR and the 5%-tile SINR to achieve even higher PDCCH reliability. However, for 700 MHz case with TDL-C 300 ns, it is possible that PDCCH reliability lower than 1e-6 cannot be met due to very small gap between the required SINR and the 5%-tile SINR. In addition, according to the summary of the evaluations in R1-1805630 in Rel-15, the current Rel-15 NR PDCCH cannot meet the PDCCH reliability in case of 700 MHz with TDL-A 30 ns. Compact DCI can further ensure to meet the requirement of reliability for all cases. 
	Company
	View

	NTT DOCOMO
	For observations 2.1-1~4, we understand then and have no comments.
For the paragraph after the Observation 2.1-4, we agree that Rel-16 URLLC should consider both FR1 and FR2 as well as TDD and FDD. On the other hand, our impression from the companies’ simulation results are opposite; almost all simulation results show that the size of fallback DCI format can fulfill the requirement and therefore, the need of compact DCI is not assessed by the set of simulations for PDCCH reliability.

	CATT
	We think we should take non-fallback DCI as an starting point when we design a DCI format for URLLC traffic because we at least foresee three reasons: 1. Some bit field included in non-fallback DCI and not in fallback DCI may be beneficial or even crucial for URLLC scheduling, particularly MIMO-related bit fields if MIMO guys make some enhancement. 2. The current non-fallback has supported very flexible configurability and can guarantee a flexible scheduling and support variable scenarios, URLLC UE could also inherit this configurable character. 3. A configurable DCI format can make an alignment with the current DCI format payload size and avoid the break on R-15 DCI size budget, which could reduce UE complexity.

	LGE
	For observation 2.1-1 and 2.1-2, we think it would be more accurate to add the assumption such as CORESET duration. For observation 2.1-3 and 2.1-4, it would be better to remove “fallback” since 40 bits DCI anyhow can be constructed from non-fallback DCI as well by its configurability and we haven’t yet decided what the reference DCI size would be for new/compact DCI if introduced. Thus, there is no need to differentiate here. 

	
	



  PDCCH resource utilization  
As DOCOMO mentioned, it is important to keep improving BLER performance of PDCCH by using as lower AL as possible for better system efficiency. Some companies provide some preliminary simulations on the PDCCH resource utilization: 
	Contribution [MediaTek, R1-1900208]
	BLER
	PL
	AL16
	AL8
	AL4
	AL2
	AL1
	Average NR-PDCCH resources (CCE)
	NR-PDCCH resources saving of PL24

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

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

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

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


[bookmark: _Ref534985474]
Table 3 : 700MHz, 2Rx, 30 kHz, 2 OS CORESET, TDL-C 300ns
	BLER
	PL
	AL16
	AL8
	AL4
	AL2
	AL1
	Average NR-PDCCH resources (CCE)
	NR-PDCCH resources saving of PL24

	1e-5
	PL40
	0%
	5%
	32%
	29%
	34%
	2.6
	13.07% 

	
	PL24
	0%
	2%
	28%
	28%
	42%
	2.26
	

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

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


[bookmark: _Ref534985481]Table 4: 4GHz, 4Rx, 30 kHz, 2 OS CORESET, TDL-C 300ns
We observe that using DCI with PL24 allows for 18% CCE resource saving compared to using PL40 for target BLER 10-6 at 700MHz carrier frequency. It also allows for 14% CCE resource saving for target BLER 10-6 at 4GHHz carrier frequency.
Observation 6: The Use of compact DCI allows to improve the reliability and also enhances the spectral efficiency.



	Contribution [Huawei, R1-1900043]
Table 4 – AL distributions for 24 bits DCI payload compared to 40 bits DCI payload
	Carrier frequency
	Use cases
	Payload
	AL=16
	AL=8
	AL=4
	AL=2
	AL=1

	700MHz
	Remote Driving
	40bits
	13.57%
	30.42%
	29.18%
	16.11%
	10.72%

	
	
	24bits
	8.56%
	22.76%
	32.65%
	21.12%
	14.82%

	
	R15 enabled cases
	40bits
	14.49%
	25.11%
	26.10%
	21.78%
	12.52%

	
	
	24bits
	10.08%
	22.75%
	25.57%
	21.67%
	19.94%

	
	Power Distribution
	40bits
	14.11%
	25.29%
	26.06%
	21.83%
	12.71%

	
	
	24bits
	9.79%
	22.60%
	25.87%
	21.67%
	20.06%

	4GHz
	Remote Driving
	40bits
	0%
	2.58%
	21.93%
	35.99%
	39.51%

	
	
	24bits
	0%
	0.83%
	13.07%
	39.32%
	46.77%

	
	R15 enabled cases
	40bits
	3.55%
	4.52%
	21.06%
	29.31%
	41.56%

	
	
	24bits
	2.75%
	2.64%
	14.63%
	32.32%
	47.66%

	
	Power Distribution
	40bits
	0.45%
	3.70%
	20.63%
	31.18%
	44.04%

	
	
	24bits
	0.07%
	1.52%
	14.42%
	33.49%
	50.50%


The relaxed AL distribution results into fewer resources that have to be used in average. We calculated the number of used CCEs that have been occupied during the blocking evaluations for the two different DCI payload sizes. The result is shown in Table 5, where it can be seen that the number of needed resources can be reduced with about 15% when 24bit DCI payload is.
[bookmark: OLE_LINK39]Table 5 – PDCCH resource utilization of 24 bits vs 40bits DCI payload 
	Carrier frequency
	700MHz
	4GHz

	Use case
	Remote Driving
	R15 enabled cases
	Power Distribution
	Remote Driving
	R15 enabled cases
	Power Distribution

	Number of
used CCE
	40bit
	44648
	37373
	37087
	8441
	12816
	9956

	
	24bit
	36493
	32054
	31778
	7080
	10900
	8309

	Resource Reduction
	18.27%
	14.23%
	14.31%
	16.12%
	14.95%
	16.54%



Observation 3: When using compact DCI, around 15% PDCCH resource will be saved.



	Contribution [LG, R1-1900591]
	BLER
	PL
	AL16
	AL8
	AL4
	AL2
	AL1
	Average NR-PDCCH resources (CCE)
	NR-PDCCH resources saving of PL24

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

	
	PL24
	34%
	28.3%
	30.9%
	6.6%
	0.1%
	2.694
	



Observation 1: Compact DCI can provide BLER performance gain of about 1 dB.



	Contribution [Ericsson, R1-1900176]
[image: ]
[bookmark: _Ref528336574]Figure 3: DL geometry of the the urban macro scenario

Table 4. AL distribution corresponding to target PDCCH BLER of 1E-5 for different DCI sizes (1os CORESET)
	Probability
	AL1
	AL2
	AL4
	AL8
	AL16
	Average number of CCE
	Percentage of reduction

	DCI size = 40
	70.23% 
	22.57%   
	6.00%    
	0.61%    
	0.44%
	1.5129
	

	DCI size = 30
	73.98%   
	19.83%    
	5.20%    
	0.46%    
	0.43%
	1.45
	4.16%

	DCI size = 24
	76.89%   
	17.80%    
	4.39%   
	0.45%    
	0.42%
	1.4037
	7.22%



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

	DCI size = 40
	57.73%   
	32.33%    
	8.48%   
	0.87%    
	0.43%
	1.7015
	

	DCI size = 30
	66.34% 
	25.73%   
	6.81%    
	0.60%    
	0.41%
	1.564
	8.08%

	DCI size = 24
	69.98%   
	23.18%   
	5.85%   
	0.50%    
	0.40%
	1.5014
	11.76%






Based on the above inputs, the following observation can be achieved:
Observation 2.1-5: 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 1 or 2 symbols in time domain, 20 MHz in frequency domain.
Observation 2.1-6: 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, 4 Rx at UE side, TDL-C and a CORESET with 1 or 2 symbols in time domain, 40 MHz in frequency domain. 
Observation 2.1-6-1: 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. 

	Company
	View

	NTT DOCOMO
	For observations 2.1-5~6, we suggest to clarify that above observations are made based on that all URLLC UEs are assumed to be scheduled by compact DCI in the cell.

	LGE
	Agree with DCM. Additionally, as mentioned above, we think it would be better to remove “fallback” here as well. 

	
	

	
	



  PDCCH blocking 
Some companies have provided some initial evaluations and/or analysis on the PDCCH blocking:
	Contribution [Huawei, R1-1900043] 
Table 6 - Percentage of users satisfying reliability and latency requirements, 40 bits and 24 bits DCI payload 
	[bookmark: _Hlk535517085]Carrier frequency
	Use cases
	Number of UEs
	40bits - baseline
	Compact DCI

	700MHz
	Remote Driving
	2
	50%
	50%

	
	
	6
	33.33%
	50%

	
	
	10
	10%
	30%

	
	R15 enabled cases
	5
	20%
	40%

	
	
	10
	10%
	30%

	
	
	15
	0%
	20%

	
	
	20
	0%
	0%

	
	Power Distribution
	5
	0%
	20%

	
	
	10
	0%
	10%

	4GHz
	Remote Driving
	2
	100%
	100%

	
	
	6
	66.67%
	66.67%

	
	
	10
	30%
	50%

	
	R15 enabled cases
	5
	40%
	60%

	
	
	10
	30%
	40%

	
	
	15
	20%
	26.67%

	
	
	20
	5%
	10%

	
	Power Distribution
	5
	20%
	40%

	
	
	10
	10%
	30%



Observation 4: When using compact DCI, the PDCCH blocking rate is decreased significantly，and the number of users that can be scheduled within the given latency bound is increased by approximately 20%.



	[bookmark: OLE_LINK32]Contribution [Ericsson, R1-1900158] 
Blocking probability is 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: ]
Figure 4: Blocking probability as a function of DCI size, number of UEs, and CORESET sizes
[image: cid:image006.png@01D4B33F.87D67F40]
1. [bookmark: _Toc525657380][bookmark: _Toc525658460][bookmark: _Toc525721076][bookmark: _Toc525821507][bookmark: _Toc525830313][bookmark: _Toc525831722][bookmark: _Toc525832656][bookmark: _Toc525832855][bookmark: _Toc525926655][bookmark: _Toc525944001][bookmark: _Toc528950336]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: _Toc528950337]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: _Toc528950338]Using more control resources such as larger CORESET size can provide much significant improvement to the blocking probability.  



	Contribution [NTT DOCOMO, R1-1900969] 
As can be seen in Figure 4, with 3 or 4 DCIs per CORESET in the same PDCCH monitoring occasion, the PDCCH blocking probability cannot be lower than 10-2 for 4 GHz.
[image: ]
Fig. 4	PDCCH blocking probability.
Proposal 5:
· Take into account traffic models and UE density in the cell to evaluate the PDCCH blocking probability, and make the conclusion based on the analysis.



	Contribution [ZTE, R1-1900069]
[image: ]
Figure 3.  PDCCH blocking probability of compact DCI

Observation 3: PDCCH blocking probability could be reduced by compact DCI. 



	Contribution [LG, R1-1900591]
 [image: ]
Figure 2. PDCCH blocking probability



	Contribution [Panasonic, R1-1900399]
 [image: ]
[bookmark: _Ref534879271]Figure 2 The blocking probability



Based on the above evaluation results and analysis, we can get the following observations:
[bookmark: OLE_LINK59]Observation 2.1-7: Five sources show that when the number of users per cell is 2 to 10, PDCCH blocking probability is higher than 1e-5 with Rel-15 NR PDCCH. PDCCH blocking probability becomes worse with the increase of number of users.  
Observation 2.1-8: PDCCH blocking probability depends on several parameters such as at least CORESET size, number of UEs, and traffic model. 
Based on the discussion in the contributions and the above observations, it can be observed that some tools/mechanisms are needed to address the PDCCH blocking (e.g. compact DCI, PDCCH repetition, spending more resources on control). The above results do also evaluate compact DCI from blocking probability perspective as summarized below:
	Company
	DCI size
	Blocking probability
	Relative blocking reduction

	Ericsson [R1-1900176] 
	40
	0.28*10^-1 @7UEs, 1OS CORESET
	32%

	
	24
	0.19*10^-1 @7UEs, 1OS Coreset
	

	Ericsson [R1-1900176]
	40
	0.8*10^-3 @7UEs, 2OS Coreset
	44%

	
	24
	0.45*10^-3 @7UEs, 2OS Coreset
	

	[ZTE, R1-1900069]

	40
	0.12*10^-1 @5UEs
	41%

	
	24
	0.07*10^-1 @5UEs
	

	[LG, R1-1900591]
	40
	2*10^-1@4UEs
	57.5%

	
	24
	0.85*10^-1@4UEs
	

	[Panasonic, R1-1900399]
	40
	0.4*10^-1@6UEs
	55%

	
	24
	0.18*10^-1@6UEs
	


Observation 2.1-8-1: Compact DCI is beneficial for improving PDCCH blocking. 
In addition, InterDigital (R1-190083) proposed adaptive PDCCH blind detection to address the PDCCH blocking issue. CATT (R1-1900331) and OPPO (R1-1900281) proposed configured scheduling assignments in conjunction with some DCI indication to solve the problem brought by PDCCH blocking. Intel (R1-1900493) proposed two-stage DCI towards achieving better trade-off between the blocking and scheduling flexibility. 
	Company
	View

	NTT DOCOMO
	For observation 2.1-7, we have no comments.
For observation 2.1-8, as described in observation 2.1-7, the PDCCH blocking highly depends on traffic model. It should be clarified in which assumption the PDCCH blocking probability could be higher than 1e-5 when the number of users per cell is 2 to 10.

	CATT
	As the feature lead listed above, ‘PDCCH blocking probability depends on several parameters such as CORESET size, number of UEs, and traffic model’, it will be very hard to continue configure a larger CORESET when number of UE goes up or the system traffic goes heavy. Another straightforward solution is a more efficient scheduling mechanism. For instance a GC-DCI as we proposed in R1-1900331. Note that a similar efficient scheduling concept was also proposed for grant-free scheduling in e.g. R1-1900901.
Having said that we would also like to point out that blocking probability is heavily dependent on the AL distribution. Unlike LTE where we have a fixed distribution for the PDCCH USS, in NR we have configurable AL distribution and it is not clear what conclusions one can draw by fixing the AL distribution for each UE or whether the fixed AL distribution is the best possible configuration for a given scenario.

	
	

	
	



Performance impact on PDSCH/PUSCH 
Some companies provides some simulation results and/or analysis on the performance or flexibility impact on PDSCH/PUSCH from compact DCI as below: 
	Contribution [Huawei, R1-1900863]
[bookmark: _Ref528246417]Table 1 The ratio of UEs satisfying the required 1 ms latency and the reliability of 1e-5 in case of 10 UEs per cell in the DL transmission for Urban Macro deployment.
	DCI payload size
	Arrival rate = 120 packet/s
	Arrival rate = 500 packet/s

	
	Ratio
	RU
	Ratio
	RU

	Compact DCI (6 bits RA)
	93.98%
	5.85%
	46.19%
	16.15%

	Normal DCI (12 bits RA)
	89.10%
	3.18%
	33.33%
	11.84%

	Gain
	5.48%
	-
	38.6%
	-



 Observation1: Compact DCI with coarser scheduling granularity performs better than normal DCI in terms of 1ms latency satisfaction ratio under 1e-5 reliability requirement for Rel-15 enabled use case.
Observation2: At least for the use case with small packet size (e.g. 32 bytes), the bandwidth for data channel is not the bottleneck so that congestion of the data channel would rarely happen regardless of the scheduling granularity.



	Contribution [CATT, R1-1900331]
For 200 bytes a coarse resource allocation (using e.g. RBG scaling) may be beneficial, whereas for the smaller packet size the usefulness would depend on the selected MCS.
[bookmark: _Ref534632534]Table 1 Minimum PRB allocation for one-shot transmission for in a BWP of 106 RBs (40 MHz, 30 KHz SCS) and low-SE MCS table
	IMCS
	Packet size = 32 bytes
	Packet size = 200 bytes

	0
	101
	N/A

	1
	76
	N/A

	2
	61
	N/A

	3
	48
	N/A

	4
	39
	N/A

	5
	31
	N/A

	6
	26
	N/A

	7
	20
	N/A

	8
	16
	99

	9
	13
	76

	10
	10
	62

	11
	8
	50

	12
	7
	43

	13
	6
	36

	14
	6
	32



Observation: the benefits of a compact DCI by reducing or eliminating DCI fields is highly dependent on the deployment scenario and should be UE-specific.



	Contribution [Ericsson, R1-1900158]
[image: ]
[bookmark: _Ref528336732]Figure 5: 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. 


Based on the above inputs, it can be observed that compact DCI is beneficial at least for some cases, e.g. for the cases that large bandwidth would be needed for PDSCH/PUSCH transmission while congestion is not a problem for PDSCH/PUSCH transmission. 
[bookmark: OLE_LINK61]Observation 2.1-9: Two sources show that coarse scheduling granularity is beneficial at least for the cases where large bandwidth would be needed for data transmission.   
Observation 2.1-10: One source show that coarse scheduling granularity may result in larger PDSCH/PUSCH blocking for the cases where data congestion would happen.
	Company
	View

	NTT DOCOMO
	For observations 2.1-9~10, we suggest to delete “Compact DCI with”. Coarse scheduling granularity is not necessarily meaning compact DCI; it is also possible to keep the fallback DCI size and adopt coarse scheduling granularity, so that some redundant bits can be used for other purposes/fields.


	Nokia
	Do agree with DoCoMo that maybe we should talk about coarse URLLC scheduling granularity. Moreover, I guess the point here is the f-domain resource allocation – right? If so better to talk about ‘coarse frequency domain resource allocation granularity’ (than scheduling granularity). 

Last but not least, 2.1-9 would be good to say what the benefit there in the end really is (what is beneficial – the smaller number of bits in the f-domain RA I guess)? 

	LGE
	Tend to agree with DCM and Nokia here. 
It can be observed that coarse scheduling granularity may induce larger PDSCH/PUSCH blocking regardless of whether we use compact DCI or not. Hence, it would be better to remove “compact DCI with” in observation 2.1-10.



Impact on PDCCH blind decoding/DCI size budget
One concern about compact DCI is that it may increase the number of blind decodes. [R1-1812221, Huawei] provides the view that it is not an issue for pure URLLC UEs because compact DCI can be monitored instead of DCI format 0_0/1_0 and/or DCI format 0_1/1_1 thus the number of DCI size to be monitored is not increased. For UEs with eMBB and URLLC service, the number of blind decodes can be controlled by appropriate gNB configuration. [R1-1900069, ZTE] provides the view that compact DCI and full-fledge DCI can be configured depending on the service and scheduling. [R1-1900208, MediaTek] provides the view that compact DCI can be used at least for the case with small SCS where the limit of BD is larger.  
Observation 2.1-11: Compact DCI may increase the number of blind decoding and/or increase the number of DCI sizes to be monitored if a new DCI format size different with Rel-15 fallback DCI is introduced. However, at least appropriate configuration can eliminate or reduce the impact (if any) on PDCCH blind decoding and/or DCI size budget from compact DCI. 
	Company
	View

	NTT DOCOMO
	We have a view that the lack of the number of BDs/CCEs is a potential issue not limited to the compact DCI.
More related is DCI size budget issue. If a compact DCI is supported, for a UE monitoring the compact DCI in addition to fallback DCI and non-fallback DCI, handling should be considered. Following are possible options:
Opt.1: Increase the DCI size budget
Opt.2: Introduce additional DCI size matching procedure when the DCI size budget would exceed
Opt.3: gNB shall set appropriate RRC configurations so that DCI size budget would not exceed
Our preference, if compact DCI is adopted, is Option 1.

	Nokia
	For UE with only URLLC traffic, the observation above may be fine. But for a mixed URLLC/MBB traffic UE I somehow fail to see how you can eliminate or reduce the impact. Would be nice for the proponents of this claim to clarify here how this could be eliminated. 

	LGE
	We also think that the issue of the number of BDs/CCEs is not only for the compact DCI but for any DCI related to URLLC operation given we are considering more transmission opportunities and more back-to-back scheduling for URLLC.	



 URLLC DCI design   
[bookmark: OLE_LINK13]In the RAN1#95 meeting, it was agreed to consider using Rel-15 fallback DCI as a starting point for Rel-16 URLLC DCI. Many companies provide the views as summarized below:  
Table 1 Potential DL DCI design for Rel-16 URLLC 
	Fields
	DCI format 1_0
	DL DCI for R16 URLLC

	Identifier for DCI formats
	1 bit
	1 bit

	Frequency domain resource assignment
	
 bits
	[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Reduced # of bits, e.g. by using RBG instead of RB, or in a configurable manner 
[bookmark: OLE_LINK17]Support: Vivo, MediaTek, ZTE, Panasonic, Mitsubishi, Huawei, NTT DOCOMO, Nokia, Samsung, CATT, Spreadtrum, China Telecom, CAICT, Samsung, Intel, OPPO, Ericsson, InterDigital, Sequans 

	Time domain resource assignment
	4 bits
	Reduced # of bits, e.g. by changing the reference from slot boundary to some PDCCH symbol,  or in a configurable manner
[bookmark: OLE_LINK12] Support: Pansonic, ETRI, NTT DOCOMO, Huawei, Vivo, ZTE, Mitsubishi, CATT, Spreadtrum, China Telecom, Nokia, CAICT, Samsung, Intel, OPPO, Ericsson, ETRI

	VRB-to-PRB mapping
	1 bit
	0 bit
Support: MediaTek, Mitsubishi, Nokia, Samsung, Vivo, Intel, Ericsson
0 bit or 1 bit in a configurable manner 
Support: NTT DOCOMO, Spreadtrum, CATT 
1 bit
Support: ZTE

	Modulation and coding scheme
	5 bits
	Reduced # of bits, e.g. limiting the number of rows to be indicated, or in a configurable manner
Support: NTT DOCOMO, Huawei, Vivo, ZTE, Mitsubishi, CATT, China Telecom, Nokia, CAICT, Samsung, Intel, InterDigital, Sequans

	New data indicator
	1 bit
	Reduced # of bits, 0 bit always,  or under some condition   
0 bit: NTT DOCOMO, Vivo 
1 bit
Support: ZTE, Mitsubishi, CATT, Spreadtrum, Nokia, Samsung, Intel,
Joint encoding of NDI and RV
Support: AT&T

	Redundancy version
	2 bits
	Reduced # of bits, e.g. limiting the number of used RV (1 bit) ,  or in a configurable manner
Support: NTT DOCOMO, Vivo, MediaTek, Mitsubishi, China Telecom, Nokia, Samsung, Intel, Ericsson, InterDigital, Sequans  
2 bits
Support: CATT,
Joint encoding of NDI and RV
Support: AT&T
Joint encoding of MCS and RV
Support: ZTE

	HARQ process number
	4 bits
	Reduced # of bits, e.g. reduce the supported number of HARQ process,  or joint indication with other fields,  or in a configurable manner
[bookmark: OLE_LINK16]Support: Pansonic, ETRI, NTT DOCOMO, Huawei, Vivo, MediaTek, ZTE, Mitsubishi, CATT, Spreadtrum, China Telecom, Nokia, Samsung, CAICT, Intel, OPPO, Ericsson, ETRI, InterDigital

	Downlink assignment index
	2 bits
	Reduced # of bits, e.g. setting to 0 or in a configurable manner
Support: NTT DOCOMO, ZTE, Mitsubishi, , Nokia, Samsung, Intel, Ericsson
2 to 4 bits: CATT

	TPC command for scheduled PUCCH
	2 bits
	0 bit: NTT DOCOMO
2 bits: Huawei, ZTE, Mitsubishi, Spreadtrum, Nokia, Intel, Ericsson
0 bit (open loop) or 2 bits (otherwise): Vivo, CATT, 
0 bit to 3 bit in configurable manner: Samsung

	PUCCH resource indicator
	3 bits
	Reduced # of bits, e.g. by reducing to a fix number,  or in a configurable manner 
Support: ETRI, NTT DOCOMO, Huawei, Vivo, ZTE, Mitsubishi, CATT, Spreadtrum, Nokia, Samsung, OPPO, Ericsson, ETRI

	PDSCH-to-HARQ_feedback timing indicator
	3 bits
	Reduced # of bits, e.g. by reducing to a fix number, or remove the field,  or in a configurable manner 
Support: NTT DOCOMO, Vivo, MediaTek, ZTE, Mitsubishi, Spreadtrum, China Telecom, Nokia, Samsung, Intel, OPPO, Ericsson  
3 bits: CATT

	New field(s) proposed to be added compared to DCI format 1_0

	Carrier indicator 
	N/A
	1 or 2 bits: Qualcomm
0 bits: Panasonic, Huawei, Nokia, Intel 
Configurable (0 to 3):Samsung, CATT, OPPO, Ericsson  

	PRB bundling size indicator
	N/A
	Configurable # of bits (0 or 1 bit) 
Support: NTT DOCOMO, Nokia, CATT
0 bit
Support: Intel

	Rate matching indicator
	N/A
	Fixed # of bits or configurable # of bits (0 or 1 bit or 2 bits) 
Support: NTT DOCOMO, Qualcomm, CATT, Nokia, Samsung, Ericsson
0 bit
Support: Huawei, Intel, 

	ZP CSI-RS trigger
	N/A
	Configurable # of bits (0 or 1 bit or 2 bits) 
Support: NTT DOCOMO, CATT, Ericsson
0 bit
Support: Nokia, Intel

	Antenna port(s)
	N/A
	Configurable # of bits (0 or 1 or 2 bits) 
Support: NTT DOCOMO, CATT, Intel, Ericsson
0 bit
Support: Nokia

	Transmission configuration indication
	N/A
	Configurable # of bits (0 or 3 bits) 
Support: NTT DOCOMO, CATT, Ericsson 
0 bit
Support: Nokia, Intel,

	SRS request 
	N/A
	[bookmark: OLE_LINK14]Configurable # of bits (0 or 1 or 2 or 3 bits) 
Support: NTT DOCOMO, CATT, Samsung, Intel, Ericsson
0 bit
Support: Nokia

	DMRS sequence initialization
	N/A
	0 bit
Support: CATT, Nokia
1bit: Intel

	Repetition factor 
	N/A
	Configurable # of bits (0 or 1 or 2 bits) 
Support: NTT DOCOMO, Nokia, Sequans, Intel
2 bits
Support: ZTE

	A-CSI triggering 
	N/A
	1 bit
Support: Qualcomm, Huawei, OPPO
Configurable: Ericsson 
0 bit: Intel

	Waveform indicator 
	N/A
	Support: Qualcomm

	BWP indicator
	N/A
	Support: OPPO

	New format indicator 
	N/A
	Support: Ericsson

	Virtual CRC
	N/A
	Support: Panasonic



Table 2 Potential UL DCI design for Rel-16 URLLC 
	Fields
	DCI format 1_0
	DL DCI for R16 URLLC

	Identifier for DCI formats
	1 bit
	1 bit

	Frequency domain resource assignment
	
 bits
	Reduced # of bits, e.g. by using RBG instead of RB,  or in a configurable manner 
Support: Vivo, MediaTek, ZTE, Panasonic, Mitsubishi, Huawei, NTT DOCOMO, Nokia, Samsung, CATT, Spreadtrum, China Telecom, CAICT, Samsung, Ericsson

	Time domain resource assignment
	4 bits
	Reduced # of bits, e.g. by changing the reference from slot boundary to some PDCCH symbol,  or in a configurable manner
 Support: Pansonic, ETRI, NTT DOCOMO, Huawei, Vivo, ZTE, Mitsubishi, CATT, Spreadtrum, China Telecom, Nokia, CAICT, Samsung, Ericsson    

	Frequency hopping flag
	1 bit
	Reduced # of bits, e.g. setting to 0, or in a configurable manner 
[bookmark: OLE_LINK15]Support: NTT DOCOMO, Vivo, Nokia, Samsung, Ericsson
1 bit
Support: ZTE, Huawei, Mitsubishi, Spreadtrum, Intel,

	Modulation and coding scheme
	5 bits
	Reduced # of bits, e.g. limiting the number of rows, or in a configurable manner
Support: NTT DOCOMO, Huawei, Vivo, ZTE, Mitsubishi, China Telecom, Nokia, CAICT, Samsung, Intel

	New data indicator
	1 bit
	Reduced # of bits, 0 bit always or 0 bit under some condition   
0 bit: NTT DOCOMO, Vivo,
1 bit
Support: ZTE, Mitsubishi, Spreadtrum, Nokia, Samsung, Intel
Joint encoding of NDI and RV
Support: AT&T

	Redundancy version
	2 bits
	Reduced # of bits, e.g. limiting the number of used RV (1 bit), or in a configurable manner
Support: NTT DOCOMO, Vivo, MediaTek, Mitsubishi, China Telecom, Nokia, Samsung, Intel, Ericsson
Joint encoding of NDI and RV
Support: AT&T
Joint encoding of MCS and RV
Support: ZTE

	HARQ process number
	4 bits
	Reduced # of bits, e.g. reduce the supported number of HARQ process, or joint indication with other fields, or in a configurable manner
Support: Pansonic, ETRI, NTT DOCOMO, Huawei, Vivo, MediaTek, ZTE, Mitsubishi, China Telecom, Nokia, CAICT, Samsung, Intel,

	TPC command for scheduled PUSCH
	2 bits
	0 bit: NTT DOCOMO
2 bits: Huawei, ZTE, Mitsubishi, Nokia, Intel, Ericsson
0 bit (open loop) or 2 bits (otherwise): Vivo
0 bit to 3 bit in configurable manner: Samsung

	UL/SUL indicator
	1 bit
	[bookmark: OLE_LINK44]0 bit: NTT DOCOMO, ZTE, Mitsubishi, Nokia, Ericsson

	New field(s) proposed to be added compared to DCI format 1_0

	Carrier indicator 
	N/A
	2 bits: Qualcomm
0 bits: Pansonic, Nokia, Intel
Configurable (0 to 3):Samsung  

	SRS resource indicator 
	N/A
	Configurable # of bits (0 or 1 or 2 bit) 
Support: NTT DOCOMO
0 bit
Support: Nokia

	Precoding information and number of layers
	N/A
	Configurable # of bits (0 or 1 or 2 bits) 
Support: NTT DOCOMO, Ericsson
0 bit
Support: Nokia, Intel,

	Antenna port(s)
	N/A
	Configurable # of bits (0 or 1 or 2 bits) 
Support: NTT DOCOMO,
0 bit
Support: Nokia, Intel, Ericsson

	SRS request 
	N/A
	Configurable # of bits (0 or 1, 2 or 3 bits) 
Support: NTT DOCOMO, Samsung, Intel, Ericsson
0 bit
Support: Nokia

	CSI request
	N/A
	Configurable # of bits (0 or 1 or 2 bits) 
Support: NTT DOCOMO, Nokia, Intel, OPPO, Ericsson

	beta offset indicator 
	N/A
	Configurable # of bits (0 or 1 or 2 bits) 
Support: NTT DOCOMO, Huawei, Samsung 
0 bit
Support: Nokia, Intel

	Repetition factor 
	N/A
	Configurable # of bits (0 or 1 or 2 bits) 
Support: NTT DOCOMO, Nokia, Intel 

	BWP indicator
	N/A
	[bookmark: OLE_LINK46]Support: OPPO

	New format indicator
	N/A
	Configurable: Ericsson 

	Virtual CRC
	N/A
	Support: Panasonic


Based on the above two tables, it can be observed that there is common interest to reduce the number of bits for some fields in the DCI scheduling URLLC compared to Rel-15 DCI format 0_0 and DCI format 1_0, though the motivation may be different among companies, e.g. some want to achieve a smaller DCI size while some others want to give the chance to add some new fields.    
Observation 2.1-12: For the DCI format scheduling Rel-16 NR URLLC, there is common interest to reduce the number of bits for the following fields compared to Rel-15 fallback DCI:
· Frequency domain resource assignment
· Time domain resource assignment
· Modulation and coding scheme
· HARQ process number
· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator 
· Downlink assignment index
In addition, as shown in the above two tables, many companies [Qualcomm, R1-1900896][NTT DOCOMO, R1-1900969][Nokia, R1-1900927][CATT, R1-1900331][Intel, R1-1900493][Samsung, R1-1901066][Ericsson, R1-1900158][Sequans, R1-1900680][ZTE, R1-1900069][OPPO, R1-1900281] also proposed to add some fields either from the non-fall back DCI or from some new potential supported enhancements for URLLC compared to Rel-15 DCI format 0_0 and DCI format 1_0. The motivation is either to provide more flexibility or achieve better URLLC performance. For example, several companies mentioned that some MIMO related fields like antenna port(s) and or TCI fields would be needed for multi-TRP transmission. And also several companies proposed to add rate matching indicator which is beneficial to let the PDSCH utilize all available resources in the mini-slot that are not occupied by PDCCH or other channels. Some companies mentioned that SRS request would be needed especially for TDD.   
Observation 2.1-13: Compared to Rel-15 fallback DCI, some new field(s) need to be added to the DCI format scheduling URLLC, e.g. Rate matching indicator for DL DCI.
In addition, some companies also proposed to make some fields configurable to provide more flexibility either from DCI size perspective or from scheduling flexibility perspective.
As to the total size of the DCI for Rel-16 URLLC, there are different views. Among the companies supporting compact DCI, it is common understating that the DCI size should target a reduction of 10~16 bits compared to Rel-15 fallback DCI. The benefits include achieving better spectral efficiency, improving PDCCH reliability and reducing PDCCH blocking. Some other views are also observed. For example, some companies proposed to reuse the same size as fallback DCI [Panasonic, R1-1900399][NTT DOCOMO, R1-1900969][Ericsson, R1-1900158][ETRI, R1-1900686] to reduce the impact on blind decoding and DCI size budget. Some companies proposed configurable DCI format for URLLC [CATT, R1-1900331][Intel, R1-1900493][Samsung, R1-1901066], the potential benefits including providing considerable flexibility to the network when considering tradeoffs between scheduling flexibility and possible blocking, providing possibility to solve the DCI size budget issue. [Nokia, R1-1900927] proposed to configure to align the size of the new DCI format with the size of DCI format 0_0 and 1_0. [MediaTek, R1-1900208] thinks that the total number of size can depend on the subcarrier spacing. 
Observation 2.1-14: It is beneficial to support configurable DCI sizes for more flexibility. 


	Company
	View

	NTT DOCOMO
	For observation 2.1-12, we suggest to start from identifying what fields are necessary. If we take into account FR2 operation, we cannot assume fields in the fallback DCI, since many MIMO related fields are not defined in the fallback DCI. After identifying all the necessary fields, we can discuss how many bits are necessary with Rel.15 field sizes as the starting points. This would be tough work and would take long time. Therefore, we suggest setting the size of URLLC DCI formats to the same size of fallback DCI formats, and focus on identifying necessary fields and their sizes.

	Sony
	Table 1 on potential DCI fields shows that it is unclear what fields are required in the final DCI.  As DOCOMO pointed out, it is tough work to figure out the fields and sizes in the Study Item phase because NONE of the features and functionality are finalized.  Typically these functionalities are agreed and designed in the WI phase after which it is clearer what fields are required in a DCI.  For the Study Item phase it would be better to concentrate on the gains achieved when the number of bits in DCI are reduced.



Summary  
According to the discussion and observations in section 2.1.1, PDCCH reliability can be met for 4 GHz. However, for 700 MHz case with TDL-C 300 ns, it is possible that PDCCH reliability lower than 1e-6 cannot be met due to very small gap between the required SINR and the 5%-tile SINR. In addition, according to the summary of the evaluations in R1-1805630 in Rel-15, the current Rel-15 NR PDCCH cannot meet the PDCCH reliability in case of 700 MHz with TDL-A 30 ns. Therefore, from PDCCH reliability perspective, it seems the motivation to introduce compact DCI is not that strong. However, if compact DCI is supported, it can help further ensure the PDCCH reliability for all use cases, e.g. for both carrier frequency of 4 GHz and 700 MHz, and for both TDL-C channel model and TDL-A channel model.  
From the discussion and observations in section 2.1.2, it can be observed that compact DCI targeting a reduction of 16 bits compared to fallback DCI (e.g. 40 bits) can save much PDCCH resource and thus improve spectral efficiency. Spectral efficiency is also very important for URLLC use case as mentioned in NTT DOCOMO contribution.
From the discussion and observations in section 2.1.3, it can be observed that compact DCI can help reduce PDCCH blocking. There is no converged views on whether the gain is significant or not though.
From the discussion and observations in section 2.1.4, it can be observed that compact DCI with coarse scheduling granularity is beneficial at least for the cases where large bandwidth would be needed for data transmission and/or the cases where data congestion is not the bottleneck from performance perspective.
From the discussion and observations in section 2.1.5, it can be observed that appropriate configuration can eliminate or reduce the impact on PDCCH blind decoding if any.
From the discussion and observations in section 2.1.6, it can be observed that for the DCI format scheduling Rel-16 NR URLLC, it is beneficial to reduce the number of bits for some fields, while allow to add some new field(s) and allow some fields to be configurable. As to the total DCI size, it seems configurable DCI sizes similar as Rel-15 non-fallback DCI can provide more flexibility. However, to make sure that the requirement of reliability it would be better to limit that the maximum DCI size is the same as Rel-15 fallback DCI, while the minimum DCI size can go down to target a reduction of at least 16 bits to achieve enough benefits. 
Based on the above discussion, we can have the following proposal:   

Offline proposal from Monday morning offline session:

Proposal 2.1-1: For the DCI format scheduling Rel-16 NR URLLC, 
· Support reduction of the number of bits for some fields compared to Rel-15 DCI 
· FFS support adding some new field(s) compared to Rel-15 DCI
· Support configurable number of bits for some fields 
· FFS whether any limitation on the final DCI sizes
· Option 1: limit the maximum size equal to the size of Rel-15 fallback DCI
· Option 2: No limitation depending on the configurations
· Option 3: limit the size equal to the size of Rel-15 fallback DCI

Chairman notes from Monday afternoon online session:

Further offline discussion on compact DCI, especially regarding the set of information fields that can be potentially reduced in bitwidth/omitted, the number of reduced bits, whether or not to have additional flexibility

Potential proposal after some offline discussion:

Potential proposal #1: 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  
· Option 1: Fixed DCI size targeting a reduction of 10~16 bits reduction compared to the DCI format size of Rel-15 fallback DCI
· Company position
· Support: ZTE, MediaTek
· Pros:
· Can reduce downlink control overhead 
· Can further ensure the PDCCH reliability, e.g. provide the chance that a UE with SINR lower than the 5%-tile SINR can also meet the reliability, further ensure that the reliability requirement can be met for a use case with reliability of 99.9999%, further ensure that the reliability can be met for 700 MHz with all different types of channel model (e.g. TDL-A)  
· Can help improve PDCCH blocking 
· Cons:
·  Limited flexibility 
· Increase the number of DCI format size to be monitored if a UE is configured to monitor both Rel-15 non-fallback DCI and the compact DCI 
· May result in larger data blocking due to coarse frequency scheduling 

· Option 2: aligned with Rel-15 fallback DCI
· Company position
· Support: Ericsson, Qualcomm, Panasonic, NTT DOCOMO 
· Pros:
· No any impact on the number of blind decoding and the DCI size budget 
· Some chance to include some fields from Rel-15 non-fallback DCI compared to option 1  
Cons:
· No benefit of reducing control overhead compared to other options
· May result in that the percentage of UEs satisfying the requirement lower than 95% for some cases (e.g. the case with reliability requirement of 99.9999%)
· Cannot improve PDCCH reliability compared to Rel-15 PDCCH
· No chance to help improve PDCCH blocking  

· 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
· Company position
· Support: Vivo, Huawei, HiSilicon, ZTE, MediaTek

· Pros: Can achieve all the potential benefits from option 1 and option 2 by appropriate gNB configuration 
· Cons: limited flexibility compared to option 4

· 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)
·  Company position
· Support: Intel, Sony, Huawei, HiSilicon, Nokia, Samsung, Fraunhofer, LG, NTT DOCOMO, CATT

· Pros: Can provide fully flexibility and can achieve all the potential benefits from option 1/2/3 by appropriate gNB configuration

· 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   

Potential proposal #2: No change to fallback DCI in both USS and CSS for URLLC.
· Company position: Intel, Vivo, Sony, Huawei, HiSilicon, MediaTek, Panasonic 


Companies are encouraged to provide the views on the above proposal
· If you don’t agree with the list of potential fields to be reduced, please provide your list
· Please add your position to the options for the DCI format size. Among the above four options, I do recommend companies to consider either option 3 or option 4, because it is really a better way to go from URLLC performance perspective and/or save us some effort to focus on other topics  
	Company
	View

	
	

	
	




PDCCH repetition
Chairman notes from Monday afternoon online session:
Futher offline discussion on PDCCH repetition, focusing on evaluation results and the corresponding performance gain +complexity/overhead analysis, observations (as necessary), potential options for repetitition schemes (analysis of pros/cons), etc.. Whether or not to support repetition can be done afterwards
  Evaluation of PDCCH repetition from PDCCH blocking perspective   
Some companies have provided evaluation of PDCCH repetition from PDCCH blocking perspective:
	Contribution [Huawei, R1-1900043]
Table 8 - Percentage of users satisfying reliability and latency requirements when compact DCI is applied together with the PDCCH repetition scheme
	Carrier frequency
	Use cases
	Number of UEs
	40bits - baseline
	PDCCH Repetition
	PDCCH Repetition
&feedback
	PDCCH Repetition
&feedback
& Compact DCI

	700MHz
	Remote Driving
	2
	50%
	100%
	100%
	100%

	
	
	6
	33.33%
	83.33%
	100%
	100%

	
	
	10
	10%
	80%
	90%
	100%

	
	R15 enabled cases
	5
	20%
	60%
	100%
	100%

	
	
	10
	10%
	50%
	100%
	100%

	
	
	15
	0%
	46.67%
	93.33%
	100%

	
	
	20
	0%
	40%
	90%
	95%

	
	Power Distribution
	5
	0%
	40%
	100%
	100%

	
	
	10
	0%
	30%
	80%
	100%

	4GHz
	Remote Driving
	2
	100%
	100%
	100%
	100%

	
	
	6
	66.67%
	83.33%
	100%
	100%

	
	
	10
	30%
	90%
	100%
	100%

	
	R15 enabled cases
	5
	40%
	80%
	100%
	100%

	
	
	10
	30%
	60%
	100%
	100%

	
	
	15
	20%
	53.33%
	100%
	100%

	
	
	20
	5%
	50%
	95%
	100%

	
	Power Distribution
	5
	20%
	60%
	100%
	100%

	
	
	10
	10%
	50%
	90%
	100%



Observation 7: When using PDCCH repetition with fast feedback in combination with compact DCI, the PDCCH blocking rate is eliminated for most of the investigated cases:
· For up to 10 users in the Remote Driving use case
· For up to 10 users in the Power Distribution. 
· For up to 15 users in the R15 enabled cases. For the extreme scenario of up to 20 users and 700MHz, still 95% of the UEs can be scheduled within the latency bounds



	Contribution [MediaTek, R1-1900208]
[image: ]
[bookmark: _Ref528935486]Figure 5: Blocking rate of PDCCH repetitions.
Observation 4: Blockage rate doesn’t improve by using repetition within the same CORESET and is degraded by using repetitions across CORESETs in time.



	Contribution [Qualcomm, R1-1900896]


Figure 6: PDCCH transmission for two UEs with (a) AL = 16, and (b) AL = 8 with 2 repetitions.



Figure 7: PDCCH transmission for 3 UEs at different PDCCH occasions. UE 1 requires 16 CCEs overall to decode PDCCH, while UE 2 and 3 each require 4 CCEs for PDCCH decoding.

[bookmark: _Hlk525924245]Observation 4: The PDCCH performance with n candidates of AL = X/n is an upper bounded by that of the single candidate with AL = X. 
Observation 5: The blind PDCCH repetition does not reduce blocking issue for PDCCH scheduling.
Proposal 3: To meet the eURLLC requirements, PDCCH repetition over a single TCI state is not needed.



	Contribution [ZTE, R1-1900069]
Note that repetition is only applied for AL16 in the simulation, which means one transmission of AL16 candidate in current occasion is divided into two transmission of AL8 in current occasion and next occasion.
[image: ]
Figure 4. PDCCH blocking probability of PDCCH Repetition
Observation 6: PDCCH repetition is beneficial to reduce PDCCH blocking probability. In case of using both compact DCI and repetition, one additional UE could be served under the same blocking probability. 


Based on the above simulation results and analysis, some show that PDCCH repetition can reduce the PDCCH blocking while some others show that there is no gain. It was observed that different repetition schemes were assumed in the above evaluations. 
Observation 2.2-1: PDCCH repetition may show benefits improving reliability and/or reducing PDCCH blocking depending on the PDCCH repetition scheme.
	Company
	View

	NTT DOCOMO
	For observation 2.2-1, we have no comments.
Note that performance improvement of PDCCH repetition is more pronounced when it is combined with precoder-cycling and/or QCL-cycling. Especially for FR2, it could be a powerful tool to resolve blockage. Following shows performance comparison between single PDCCH with AL16 (red) and two PDCCH repetitions with AL8 @ 30GHz, where soft-combining (black) and non-soft-combining (= selection, blue) are evaluated for the case of repetition. Performance gain of PDCCH repetition is huge, no matter whether soft-combining is performed or not.



	
	




  Summary   
Many companies have provided analysis to study the potential benefits of PDCCH repetition [R1-1900043, R1-1900864, Huawei][R1-1900591, LG][R1-1900927, Nokia][R1-1900969, NTT DOCOMO][R1-1900399, Panasonic][R1-1900680, Sequans][R1-1900370, Sony][R1-1900069, ZTE], the observed benefits including potential improving reliability and reducing PDCCH blocking. Some companies also mentioned that PDCCH repetition is able to achieve intermediate ALs that are not the powers of 2. However, there are concerns on the need of PDCCH repetition and the increased UE complexity and may increase the latency [R1-1900208, MediaTek][R1-1900686, ETRI]. 
Observation 2.2-2: PDCCH may increase latency and UE complexity depending on the PDCCH repetition scheme.
	Company
	View
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Several companies expressed the view that PDCCH repetition should consider different transmission assumptions and configurations (e.g. time/frequency resource, TCI/QCL/TRP assumptions, etc.). And from the above discussion, it can be observed that the concern on PDCCH repetition may be based on different assumptions of PDCCH repetition. Therefore, for progress maybe we can try to discuss the potential PDCCH repetition mechanisms first and then further check the pros and cons based on converged or reduced set of PDCCH repetition options. 

Before going to the discussion on the PDCCH repetition schemes, as commented by some companies in online session, the first question to answer is whether to support PDCCH combination. Several companies think that it would increase UE complexity to do combination between different PDCCH repetitions, thus it is not preferred [Vivo, R1-1900126][Intel, R1-1900493][CAICT, R1-1901129]. [Nokia, R1-1900927] also provides some simulation and analysis on whether to do combination as below. However, [Sony, R1-1900370] proposed to do combining due to more performance gain and they don’t see that PDCCH repetition increase the complexity.
	Contribution [Nokia, R1-1900927]
[image: ]
Figure 4-2: PDCCH repetition performance with varying SNR levels (due to intra-cell interference) 
with SNR offset for the repeated DCI / second CORESET symbol only
[image: ]
Figure 4-3: PDCCH repetition performance with varying SNR levels (due to intra-cell interference) 
with SNR offset applied for both DCI transmissions / CORESET symbols
Observation 4-1: DL control decoding gains of about 1 to 1.5 dB can be provided with blind PDCCH repetition (without UE combining) with very little specification and UE implementation effort.
To show the performance difference on PDSCH/PUSCH decoding for Alt. 2, we compare the case of a single DCI transmission compared to the case of m DCI transmission based on a statistical analysis (in contrast to the LL evaluations above) which can be noted as:
·    		for the case of a single transmitted DCI
· 	for m DCI transmissions on different PDCCH candidates, 
where  is the probability of missed DCI/DL assignment/UL grant of a single PDCCH candidate,  is the PDSCH BLER and P is the overall reliability of the PDSCH/PUSCH reception assuming statistical independent DCI missed detection probabilities on the different PDCCH candidates. In Figure 4-3, we present the error probability given by Pfailure=(1-P) of Alt. 2 with varying DCI missed detection probabilities and a PDSCH/PUSCH BLER of . 


Figure 4-3: Error probability of scheduled DL-SCH/UL-SCH as a function of the PDCCH missed detection probabilities with varying number of PDCCH repetitions for 




Key question 1: Whether to support PDCCH combination? 

Proposal 2.2-1: Further discuss the following two options for PDCCH repetition:
· Option 1: PDCCH combination is not supported for PDCCH repetition
· Pros: 
· Cons:
· Companies position: Nokia, LG,
· Option 2: PDCCH combination should be supported for PDCCH repetition
· Pros: 
· Cons:
· Companies position:
Companies are encouraged to provide views on the above two options. Please also add the pros and cons from your perspective: 
	Company
	View

	Nokia
	· Option 1: PDCCH combination is not supported for PDCCH repetition
· Pros: Simple, low specs and implementation complexity; provides most flexibility for gNB dynamic repetition decision (as no linkage of candidates is needed)
· Cons:smaller gain compared to Option 2
· Option 2: PDCCH combination should be supported for PDCCH repetition
· Pros:Repetition performance
· Cons: Specification complexity, potential increase of number of BDs, unclear operation in terms of timing of the combined candidates (may require UE buffering)

	LGE
	We provide our views on option 1 as below.
Pros: No additional UE implementation complexity, flexible PDCCH resource (no need to fix PDCCH resource for each copy or to make a linkage between candidates to be combined), no need of PDCCH buffering for combination, much less specification efforts than option 2
Cons: Smaller performance gain compared with option 2
Even though the BLER gain from option 1 is relatively smaller, during Rel-15 URLLC, it was concluded that PDCCH repetitions may not be necessary at least when targeting BLER of 10-5 from link-level performance aspect. Considering all the pros of option 1 than option 2, our preference is option 1 if PDCCH repetition is to be introduced. .

	Sony
	Option 2.
Pros: Gain is obviously higher than not combining.  Low complexity since the eMTC/NB-IoT combines PDCCH repetition where the number of repetition can be as large as 256!! And these are the lowest complexity UE in LTE.  The number of repetitions required for PDCCH is likely going to be 2.
Option 1 may require back indication, it makes blocking worse, it uses more resources, it leads to more latency.
Cons for Option 2: Need to consider the simple and low complexity eMTC/NB-IoT search space instead of reusing the existing NR search space.

	
	



Key question 2: What are the candidate schemes for PDCCH repetition? What are the pros and cons for each candidate PDCCH repetition? 

As to the possible PDCCH repetition, Pansonic R1-1900399 and MediaTek R1-1900208 provide nice description and provide detailed analysis on the candidate solutions. According to other contributions, it seems three options as shown in the following proposal achieved most interest. It was observed that different options have different pros and cons. PDCCH repetition study can focus on the following three options.   
Proposal 2.2-1: Further study the following options for PDCCH repetition considering aspects like UE complexity, decoding performance, scheduling flexibility and latency.
· Option 1: PDCCH repetitions prior to PDSCH transmission(s)
[image: ]
· Pros:
· Cons:
· Companies position:

· Option 2:Independent PDCCH schedules each PDSCH repetition
[image: ]
· Pros:
· Cons:
· Companies position:

· Option 3:Multi PDCCHs schedule PDSCH repetition with indication of the number of repetitions in each DCI 
[image: ]
[image: ]

· Pros:
· Cons:
· Companies position:

Companies are encouraged to provide views on the above two options. Please also add the pros and cons from your perspective: 
	Company
	View

	NTT DOCOMO
	It is premature to conclude observation 2.2-2 if proposal 2.2-2 is formulated as such. Some alternatives to PDCCH repetition with soft-combining are proposed for multi-TRP for URLLC, e.g., R1-1900728 (Ericsson), R1-1900978 (DCM), R1-1900905 (Qualcomm). Those should also be considered.

	Sony
	Companies like DOCOMO & Samsung showed how to combine PDCCH repetitions without the “UE complexity” myths.  I think this option of soft combining the repetition samples should be considered.

	
	

	
	



Increased PDCCH monitoring capability 
Several companies have provided analysis to study the potential benefits of increased PDCCH monitoring capability [R1-1900158, Ericsson][R1-1900281, OPPO][R1-1900803, InterDigital] [R1-1900591, LG] [R1-1900927, Nokia][R1-1900969, NTT DOCOMO][R1-1900126, Vivo][R1-1900686, ETRI] [R1-1900896, Qualcomm][CATT, R1-1900331], the observed benefits includes potential reducing latency and improving the PDCCH blocking. 
	Contribution [Qualcomm, R1-1900896]
· Case 2 with SCS = 30KHz, N1 = N3 = 4.5 symbols, a half-symbol propagation delay and four monitoring occasions per slot:



Figure 2: eURLLC latency assuming four PDCCH monitoring occasion per slot (Case 2).

· Case 2 with SCS = 30KHz, N1 = N3 = 4.5 symbols, a half-symbol propagation delay and seven monitoring occasions per slot:



Figure 3: eURLLC latency assuming seven PDCCH monitoring occasion per slot (Case 2).

Observation 1: For eURLLC with stringent latency requirements, a frequent PDCCH monitoring, e.g., in units of every 2, is necessary.  
[bookmark: _Hlk525923710]Proposal 1: To enable fast scheduling for eURLLC, RAN1 considers the feasibility of increasing the number of BD/CCE limit. The required conditions and relaxations should be studied. 



	Contribution [Ericsson, R1-1900158]

[bookmark: _Ref528336817]Table 9 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: _Toc528950344] 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.


However, there are concerns on the increased UE complexity and power consumption [R1-1901066, Samsung][R1-1901129, CAICT]. 
	Contribution [Samsung, R1-1901066]
there is no need to increase the Rel-15 maximum number of PDCCH candidates that a Rel-16 URLLC UE is required to monitor per slot, considering that
a) The corresponding resource availability for PDSCH receptions or PUSCH transmissions and not the number of PDCCH candidates is likely to be the limiting factor

b) For UEs that support only URLLC services, it can be considered to reduce the maximum number of PDCCH candidates per slot that the UE is required to monitor.

c) For UEs that support both URLLC and eMBB services, whether or not to increase the maximum number of PDCCH candidates per slot and, if so, by how much can depend on the SCS and the DCI format used for URLLC (whether or not DCI format(s) for URLLC has same size as fallback DCI formats for eMBB)

d) With wideband RS (i.e. value of higher layer parameter precoderGranularity = allContiguousRBs), the UE can combine after descrambling the DMRS in the two symbols of the CORESET before filtering in the frequency domain (single channel estimate) as the time variation over 2 adjacent symbols is negligible. 

Observation 1: There is no need to increase the maximum number of monitored PDCCH candidates per slot for a UE supporting Rel-16 URLLC services relative to a Rel-15 UE. Reductions should be considered to reduce the complexity for machine type communications Rel-16 URLLC UEs

Proposal 1: Consider reducing the maximum number of monitored PDCCH candidates per slot for a UE supporting only Rel-16 URLLC services relative to a Rel-15 UE. 

Observation 3: Rel-15 UE capabilities for the maximum number of non-overlapping CCEs per slot can support Rel-16 URLLC even for 15 kHz SCS with reasonable network configurations.

Observation 4: If network flexibility is desirable in the configuration of CORESETs for URLLC, an increase in the number of non-overlapped CCEs can be supported particularly for the smaller SCS.

Proposal 2: Consider increasing the maximum number of non-overlapping CCEs per slot for UEs supporting both eMBB and URLLC services and for the smaller SCS. FFS for UEs supporting only URLLC services.




Observation 2.3-1: Increasing the limit of the number of CCEs/BDs may reduce latency. However, there is concern on increasing UE complexity and power consumption. 
In theory, the increase of PDCCH monitoring capability can provide more flexibility for URLLC scheduling and provide more chances to reduce the latency. However, according to the discussion in Rel-15, it was observed that the limit of the number of CCEs/BDs do have much impact on UE complexity. Qualcomm proposed that some conditions and relaxations would be introduced to support increased PDCCH monitoring to reduce the UE complexity, which is a good way to study. For example, URLLC could use a smaller number of CCs compared to eMBB operation to keep the overall value is small, although the number of BDs/CCEs per serving cell might be increased. Another important constraint could be to limit the number of BDs/non-overlapping CCEs per monitoring occasion so that the UE’s processing burden for decoding PDCCH can be made manageable, even though the total number of BDs/CCEs per slot is increased.
Another aspect related to whether to enhance the PDCCH capability is the potential number of PDCCH monitoring occasions needed for URLLC per slot. Several companies provides the views as below:
· 3: CATT, MediaTek  
· 7: Vivo, Qualcomm, Nokia, NTT DOCOMO 
According to the above inputs, it seems there is much difference on the views from different companies. Further evaluation is needed on this aspect. 
As to details of the enhancements, [CATT, R1-1900331][Intel, R1-1900493] mentioned that the enhancements should focus on characterization of minimum requirements on CCEs for channel estimation. [MediaTek, R1-1900208] proposed to define different UE capabilities to support different number of BDs/CCEs. Several companies proposed to define both the maximum number of BD/CCE per slot and the maximum number of BD/CCE per monitoring occasion [Vivo, R1-1900126]. [OPPO, R1-1900281] proposed to report the UE capability in a finer granularity, e.g. the maximum number of blind decoding per Y symbols. 
Proposal 2.3-1: Further study and evaluate increasing the limit of the number of CCEs/BDs for Rel-16 NR URLLC at least from the following aspects:
· What is the maximum number of PDCCH monitoring occasions needed per slot?
· Whether only the limit of the number of CCEs needs to be enhanced, or both the limit of the number of CCEs and BDs need to be enhanced?   
· Whether and what condition needed for supporting increasing the limit of the number of CCEs/BDs?
· Whether and how to define the UE capability for the enhanced PDCCH monitoring capability?

Chairman notes from Monday afternoon online session: 

Further study and evaluate increasing the limit of the number of CCEs/BDs for Rel-16 NR URLLC at least from the following aspects:
· What is the maximum number of PDCCH monitoring occasions needed for URLLC per slot?
· Whether only the limit of the number of CCEs needs to be enhanced, or both the limit of the number of CCEs and BDs need to be enhanced?   
· Whether and what condition needed for supporting increasing the limit of the number of CCEs/BDs? 
· Note: this may or may not have spec impact
· Whether and how to define the UE capability for the enhanced PDCCH monitoring capability?
· Impact of SCS?


Key question 1: What is the maximum number of PDCCH monitoring occasions needed for URLLC per slot?
· Option 1:3 
· Company position: CATT, MediaTek  
· Option 2:7
· Company position: Vivo, Qualcomm, Nokia, NTT DOCOMO 

	Company
	View

	
	

	
	

	
	



Key question 2: Whether only the limit of the number of CCEs needs to be enhanced, or both the limit of the number of CCEs and BDs need to be enhanced?
· Option 1:enhanced only the limit of the number of CCEs for channel estimation 
· Company position: Intel, DOCOMO, CATT
· Option 2: enhanced both the limit of the number of CCEs for channel estimation and the limit of the number of blind decoding
· Company position: Nokia, LG,
	Company
	View

	NTT DOCOMO
	It seems companies prefer to increase at least the number of non-overlapping CCEs. We suggest to propose increasing the number of non-overlapping CCEs per slot for Rel.16, and FFS the number of BDs.

	Nokia
	Not only the number of CCEs, but also the number of BDs is too limited. Especially when still considering compact DCI – and blocking probability (which is dependent on the number BDs) 

	LGE
	As indicated in our contribution [R1-1900591], we slightly prefer option 2. 

	
	



Key question 3: Whether and what condition needed for supporting increasing the limit of the number of CCEs/BDs? 
	Company
	View

	LGE
	If any increased number is to be introduced, the condition can be further discussed at later phase (e.g., UE feature discussion). 

	
	

	
	



Key question 4: Whether and how to define the UE capability for the enhanced PDCCH monitoring capability?
	Company
	View

	LGE
	We think it would be necessary to define new UE capability for enhanced PDCCH monitoring capability per a certain time unit such as monitoring occasion. 

	
	

	
	



Key question 5: Any impact from SCS?
	Company
	View

	
	

	
	

	
	



Other PDCCH enhancements 
Some companies provide some other thinking on PDCCH enhancements.
· [CATT, R1-1900331][OPPO, R1-1900281] proposed configured scheduling assignments in conjunction with a group-common DCI to indicate one out of the respective assignments. The motivation us to solve the PDCCH monitoring capacity from a system perspective. 
· Intel [R1-1900493] proposed two-stage DCI towards achieving better trade-off between the blocking performance and the scheduling flexibility, where the first stage DCI conveying equivalent functionalities of the RRC indications can be transmitted less frequently, and the second stage DCI conveying the activation equivalent functionalities can be transmitted more frequently.
·  MediaTek [R1-1900208] proposed that a UE can be configured with two PDCCH monitoring configurations where the secondary configuration has more PDCCH monitoring occasions and it is triggered when the SR is transmitted, the reason is that the UL latency is longer than DL in case of grant based PUSCH transmission. 
· [Qualcomm, R1-1900896][OPPO, R1-1900281][ZTE, R1-1900069] proposed to reduce the SPS periodicities, and Qualcomm also further proposed to send ACK for SPS activations/de-activations, to further reduce the latency and improve the reliability.
· [Ericsson, R1-1900158] proposed to introduce an offset parameter to the configuration of regular CORESETs to align the 6-PRB grid of regular CORESETs with the grid of CORESET#0.
· [InterDigital, R1-190083] proposed to introduce adaptive blind detection by configuring multiple configured PDCCH monitoring patterns, and/or multiple configured durations and monitoring periodicities, then determine the active configured PDCCH monitoring patterns based on the total numbers of monitored PDCCH candidates and non-overlapped CCEs per slot. 
Proponents of the above enhancements are encouraged to talk to other companies to achieve more views from other companies. 
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[6] R1-1900281	PDCCH enhancement for URLLC	OPPO
[7] R1-1900331	PDCCH enhancements for URLLC	CATT
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[18] R1-1900938	Potential PDCCH enhancements for URLLC operation	Motorola Mobility, Lenovo
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Appendix A: Agreements in the past meetings  
RAN1#94 meeting  
	Agreements:
Further evaluate the potential PDCCH enhancements for NR Rel-16 URLLC.
· Further evaluate PDCCH reliability 
· Further evaluate PDCCH blocking 
· Companies describe the resource utilization 
· Complexity should be considered
· Latency of the enhancement(s) should be considered



RAN1#95 meeting  
	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 

Agreement:
· 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
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