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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 DCI format scheduling Rel-16 URLLC and increased PDCCH monitoring capability. 
DCI format scheduling Rel-16 URLLC 
In the RAN1#AH 1901 meeting, some agreements on the observations corresponding to PDCCH reliability and PDCCH resource utilization were made. The list of fields for potential reduction of the number of bits for DCI format scheduling Rel-16 URLLC was also agreed. In addition, the candidate schemes for down-selection for the DCI size of the DCI format scheduling Rel-16 URLLC were also identified.  
According to the contributions submitted to RAN1#96 meeting, companies provide further evaluation and/or analysis on aspects including PDCCH reliability, PDCCH blocking, performance impact on PDSCH/PUSCH, impact on PDCCH blind decoding/DCI size budget and URLLC DCI design. This section summarizes the views on these aspects.          
  PDCCH reliability 
In the RAN1#AH 1901 meeting, PDCCH reliability was discussed and some observations were made based on the available simulation results. According to the contributions submitted to RAN1#96 meeting, some companies provide some additional evaluations, which are captured in the Table 1 below using change track. 
[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, R1-1901767)
	-8.1
	-8.7
	-9.1
	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, R1-1902002)  
	-8.3
	
	-8.9
	1e-5
	-0.3
	
	-
	-

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

	8 (Ericsson, R1-1901593)
	-6.8
	-7.2
	-7.4
	1e-5
	0.35
	1.69
	-
	-

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

	10 (Panasonic, R1-1900399)
	-9
	-9.5
	-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
	-
	-

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

	

	8 (Ericsson, R1-1901593)
	-3.4
	-3.7
	-3.9
	1e-5
	-1.96
	-2.3
	
	

	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
	
	
	-
	-

	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 (Huawei, 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 (Huawei, 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

	8 (Ericsson, R1-1901593)
	-7.6
	
	
	1e-5
	-
	-
	-
	1

	8 (Ericsson, 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

	8 (Ericsson, R1-1901593)
	-1.3
	-
	-
	1e-5
	-
	-
	-
	0.85

	8 (Ericsson, 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 (NTT DOCOMO, 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 (NTT DOCOMO, 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



Proposal 2.1-1: Capture the update in Table 1 in TR 38.824.

Based on the above new inputs, we can get the following additional observations on the performance of Rel-15 NR PDCCH:
Observation 2.1-1: For carrier frequency 700MHz with antenna configuration of 2Tx/2Rx, channel model of TDL-A 30ns, 20 MHz and a CORESET with 2 symbols, one source shows that Rel-15 NR PDCCH (i.e. 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 factory automation, for carrier frequency 4 GHz with antenna configuration of 2 Tx/4Rx, channel model of TDL-D 30ns, 40 MHz and a CORESET with 2 symbols, one source shows that Rel-15 NR PDCCH (i.e. DCI payload size 40 bits and AL=16) can meet the reliability of 99.9999% at the 5%-tile SINR geometry.
Observation 2.1-3: For factory automation, for carrier frequency 30 GHz with antenna configuration of 2 Tx/2Rx, channel model of CDL-A 20ns, 40 MHz and a CORESET with 2 symbols, one source shows that Rel-15 NR PDCCH (i.e. DCI payload size 40 bits and AL=16) can meet the reliability of 99.9999% at the 5%-tile SINR geometry.
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 and the above input from R1-1901577, 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. 
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  PDCCH blocking 
In the RAN1#AH 1901 meeting, no conclusion on PDCCH blocking was achieved. The evaluation of PDCCH blocking is related to both compact DCI and enhanced PDCCH monitoring capability. Some companies provide further evaluations and/or analysis on the PDCCH blocking:
	Contribution [NTT DOCOMO, R1-1902804] 
[image: ]
Fig. 4	PDCCH blocking probability.
To obtain the PDCCH blocking probability, it is assumed that the numbers of PDCCH candidates for UE-specific search space are 6, 6, 2, 2, and 2 for aggregation levels 1, 2, 4, 8, and 16 respectively. In addition, the CSS is not considered in the simulation for simplicity. The number of CCEs per CORESET for the monitored PDCCH is assumed to be 16 or 32.
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.
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 [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. Blocking probability depends on several parameters such as CORESET size, number of UEs, and traffic load. 
Reducing DCI size by 40% (40bits to 24 bits) provides only small improvement for blocking probability. 
Using more control resources such as larger CORESET size can provide much significant improvement to the blocking probability.  



	Contribution [LG, R1-1900591]
Based on PDCCH resource utilization, PDCCH blocking probability is derived by assuming that each UE is scheduled with one DCI, all UEs are scheduled at the same time, and each AL has its maximum number of PDCCH candidates (8, 8, 4, 2, and 1 candidates for AL 1, 2, 4, 8, and 16, respectively). Then, blocking probability is given in Figure 2. As seen, smaller DCI payload may induce lower PDCCH blocking probability
 [image: ]
Figure 2. PDCCH blocking probability



	Contribution [Panasonic, R1-1902399]
The blocking probabilities of DCI bits 24btis, 30bits and 40bits are calculated. AL distributions are based on SINR geometry (Figure 4) and target BLER 1E-5 in Figure 1. It is show in Table 1. 
Table 1 AL distributions
	
	
	AL1
	AL2
	AL4
	AL8
	AL16

	CORESET length 1
	DCI 24bits
	30.80%
	36.20%
	28.00%
	4.80%
	0.20%

	
	DCI 30bits
	34.40%
	28.00%
	29.40%
	7.80%
	0.40%

	
	DCI 40bits
	26.80%
	30.00%
	32.20%
	10.40%
	0.60%

	CORESET length 2
	DCI 24bits
	33.00%
	28.20%
	33.40%
	5.20%
	0.20%

	
	DCI 30bits
	28.60%
	30.00%
	33.00%
	8.00%
	0.40%

	
	DCI 40bits
	24.80%
	28.20%
	36.40%
	10.00%
	0.60%


The other assumptions are follows.
· The number of CCE is 16 for CORESET length 1 with 48RBs and 32 for COREST length 2 with 96RBs. Each UE is scheduled with one DCI. In a scheduler, from larger AL to smaller AL is scheduled.
· The number of PDCCH candidates are 6,6,2,2 and 2 for AL 1,2,4,8 and 16.
The calculation results are shown in Figure 2.
[image: ]
[bookmark: _Ref534879271]Figure 2 The blocking probability
Observation 2: Compact DCI can reduce the blocking probability. However, the number of UEs in a CORESET would be small assuming sporadic traffic. The configured grant could be used for periodic traffic.




	Contribution [ZTE, R1-1901767]
For PDCCH blocking probability evaluation, Rel-15 enabled use case traffic is assumed with 1ms air interface delay and 1e-5 target BLER. Considering the BLER performance @1e-5 for carrier frequency 4 GHz shown in Figure 1 together with DL geometry for the R15 enabled use case(UMA) in our evaluation[3], the AL probabilities for fallback DCI can be set to 54%, 30%, 13%, 3%, and 0% for AL 1, 2, 4, 8, and 16, respectively. And the AL probabilities of compact DCI with 16 bits reduction can be set to 62%, 27%, 10%, 1%, and 0% for AL 1, 2, 4, 8, and 16 respectively. The detailed simulation assumptions are summarized in the Table A-1 of Annex. In addition, it is assumed that the configured numbers of PDCCH candidates are 4, 4, 2, 2, and 1 for AL 1, 2, 4, 8, and 16 respectively. Since 1ms (air interface delay) for 32bytes with 99.999% reliability are typical assumptions agreed in RAN1 #94bis, we assume PDCCH scheduling the packet should be transmitted within 0.5ms. The traffic model is FTP model 3 with packet arrival rate 500/s. Two first symbols (e.g. OFDM symbol #0, #7) per slot with 1OS CORESET duration are assumed for URLLC scheduling. That means a packet is blocked if there are no enough CCEs in two consecutive PDCCH occasions. It is also assumed that the PDCCH blocking probability has to be lower than the 1e-5 PDCCH target BLER. The maximum number of UEs with 100% satisfying the 1e-5 PDCCH blocking probability and 0.5ms scheduling latency are investigated.
Table 2. The ratio of UEs satisfying the 1e-5 PDCCH blocking probability and 0.5ms scheduling latency
	Number of UEs
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17

	Fallback DCI (40bits)
	100%
	100%
	100%
	91%
	33%
	23%
	0%
	0%
	0%
	0%

	Compact DCI (24bits)
	100%
	100%
	100%
	100%
	100%
	100%
	100%
	80%
	50%
	0%


Observation 1: The maximum number of user with 100% satisfying the 1e-5 PDCCH blocking probability and 0.5ms scheduling latency could be increased by compact DCI.

	Contribution [Huawei, R1-1901557] 
· Monitoring occasions: For Rel-15 enabled cases in order to realize 1ms air interface latency, per 4 OS based scheduling with 1OS CORESET is applied, and for the Remote Driving use case and Power Distribution 1/2 -slot based scheduling with 1OS CORESET is applied. Only the PDCCH scheduling downlink transmissions is considered. 
· PDCCH mapping method: For 700MHz, the total number of CCEs in the CORESET is 50 PRBs, the number of PDCCH candidates for each AL 1, 2, 4, 8 are 8, 4, 2, 1, respectively. For 4GHz, the total number of CCEs in the CORESET is 100 PRBs, the number of PDCCH candidates for each AL 1, 2, 4, 8 are 8, 4, 4, 2 respectively. For the investigated use case, we assume that the SINR is always large enough so that AL16 will not need to be used, therefore all AL16 SINRs are excluded from the simulations. The PDCCH starting positions are linked to the C-RNTI. Assume that the gNB wants to schedule one AL4, then blocking would occur if all the AL4s are occupied or particular CCEs that can be used for AL4 by this UE already are occupied by another UE.
· Metric: In our simulations, we investigated the PDCCH blocking probability within the latency boundary, such as 1.5ms for (for Remote Driving), 0.5ms (for Rel-15 enabled cases) and 3ms (for Power Distribution). These delays correspond to the time that we assumed can be spent on the PDCCH scheduling attempts in order to meet the overall PHY latency budget for a packet transmission in the investigated use cases. If it is not possible to schedule the packet within the given time, in other words, if a PDCCH with AL x could not be mapped to a CORESET within the prescribed latency boundary, then this particular PDCCH transmission is regarded as “blocked”. 
Table 3 - Blocking probability, 40 bits and 24 bits DCI payload
	Carrier frequency
	Use cases
	Number of UEs
	40bits - baseline
	Compact DCI
	Gain

	700MHz
	Remote Driving
	2
	0.00004
	0.00003
	25%

	
	
	6
	0.0036
	0.0026
	27.8%

	
	
	10
	0.00182
	0.00118
	35.2%

	
	R15 enabled cases
	5
	0.00525
	0.00359
	31%

	
	
	10
	0.04717
	0.03396
	28%

	
	
	15
	0.0995
	0.07544
	24.2%

	
	
	20
	0.15350
	0.11946
	22.17%

	
	Power Distribution
	5
	0.02509
	0.019
	24.3%

	
	
	10
	0.28507
	0.20409
	28.4%

	4GHz
	Remote Driving
	2
	0
	0
	-

	
	
	6
	0.00004
	0.00003
	25%

	
	
	10
	0.00029
	0.00018
	37.9%

	
	R15 enabled cases
	5
	0.00187
	0.00120
	35.8%

	
	
	10
	0.01292
	0.0082
	36.5%

	
	
	15
	0.02952
	0.01729
	41.4%

	
	
	20
	0.04626
	0.02975
	35.8%

	
	Power Distribution
	5
	0.00935
	0.00626
	33%

	
	
	10
	0.07127
	0.05131
	28%


 
Observation 4: For Rel-15 NR PDCCH (e.g. DCI payload size 40 bits and AL=16), PDCCH blocking is seen in the investigated R16 use cases 
· For Remote Driving, even for a moderate number of users, the latency constraint is broken, e.g. for 700MHz and 6 configured users, 0.36% of the PDCCH were blocked for PDCCH BLER of 10^-6. 
· For R15 enabled case, for 700MHz and 5 configured users, 0.53% of the PDCCH were blocked for PDCCH BLER of 10^-6; even for 4GHz,  0.19% of the PDCCH were blocked for PDCCH BLER of 10^-6;
· For Power Distribution, for 700MHz and 5 configured users, 2.5% of the PDCCH were blocked for PDCCH BLER of 10^-6; even for 4GHz, 0.94% of the PDCCH were blocked for PDCCH BLER of 10^-6.
Observation 5: When using compact DCI, the PDCCH blocking probability is decreased more than 22%. For some configurations, an improvement with more than 50% could be observed.
Table A2 Simulation assumptions
	Use cases
	Remote
Driving
	Rel-15 enabled use case
	Power Distribution

	CORESET size in
frequency domain
	40 MHz: 4GHz
20MHz: 700MHz 

	SCS
	30kHz

	UE number
	2,6,10
	5,10,15,20
	5,10

	Scheduling
	One occasion with 1 os per 7os
	One occasion with 1 os per 4os
	One occasion with 1 os per 7os

	Target Reliability
	99.999%
	99.999%
	99.999%

	PDCCH latency bound
	1.5ms
	0.5ms
	3ms

	Traffic model
	Aperiodic Traffic Model (FTP3): Arrival rate  60 p/s
	Aperiodic Traffic Model (FTP3) :arrival rate 500 p/s

	Periodic and Deterministic Traffic Model:
· Arrival rate: 1200 p/s
· packet arrival time of each UE is random.






[bookmark: OLE_LINK18]Based on the above evaluation results and analysis, we can get the following observations:
Observation 2.1-4: Four sources (R1-1902804, R1-1900158, R1-1900591 and R1-1902399) show that when the number of URLLC users per cell is 4 to 10, PDCCH blocking probability is higher than 1e-5 with Rel-15 NR PDCCH (i.e. DCI payload size 40 bits) assuming all URLLC UEs are scheduled in a CORESET with 16 or 32 CCEs in the same PDCCH monitoring occasion, the number of PDCCH candidates are {6, 6, 2, 2, 2} or {8, 8, 4, 2, 1} for aggregation level {1, 2, 4, 8, 16}, and the requirement of PDCCH reliability is 99.999% or 99.9999%.  
Observation 2.1-5: Three sources (R1-1902804, R1-1900591 and R1-1902399) show that when the number of URLLC users per cell is 2 to 3, PDCCH blocking probability is higher than 1e-5 with Rel-15 NR PDCCH (i.e. DCI payload size 40 bits) assuming all URLLC UEs are scheduled in a CORESET with 16 CCEs in the same PDCCH monitoring occasion, the number of PDCCH candidates are {6, 6, 2, 2, 2} or {8, 8, 4, 2, 1} for aggregation level {1, 2, 4, 8, 16}, and the requirement of PDCCH reliability is 99.999% or 99.9999%.  
Observation 2.1-6: Two sources (R1-1902804 and R1-1902399) show that when the number of URLLC users per cell is 3, PDCCH blocking probability is higher than 1e-5 with Rel-15 NR PDCCH (i.e. DCI payload size 40 bits) assuming all URLLC UEs are scheduled in a CORESET with 32 CCEs in the same PDCCH monitoring occasion, the number of PDCCH candidates are {6, 6, 2, 2, 2} for aggregation level {1, 2, 4, 8, 16}, and the requirement of PDCCH reliability is 99.999% or 99.9999%.  
Observation 2.1-7: One source (R1-1901557) shows that when the number of URLLC users per cell is 5, 10, 15 or 10, PDCCH blocking probability is higher than 1e-5 with Rel-15 NR PDCCH (i.e. DCI payload size 40 bits) for power distribution with data arrival rate of 1200 p/s, Rel-15 enabled use case with data arrival rate of 500 p/s and transport industry with data arrival rate of 60 p/s, assuming a CORESET with 16 CCEs, the number of PDCCH candidates are {8, 4, 4, 2} for aggregation level {1, 2, 4, 8}, and the requirement of PDCCH reliability is 99.9999%.  
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. Some companies also compared the blocking between DCI size of 40 bits and DCI size of 24 bits, some sample points as summarized below:
Table 2 Gain of compact DCI on PDCCH blocking  
	Source
	DCI size
	Blocking probability
	Gain of Compact DCI

	1 (Ericsson, R1-1900158) 
	40
	0.28*10^-1 @7UEs, 1OS CORESET
	32%

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

	1 (Ericsson, R1-1900158)
	40
	0.8*10^-3 @7UEs, 2OS CORESET
	44%

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

	2 (ZTE, R1-1900069)

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

	
	24
	0.07*10^-1 @5UEs
	

	3 (LG, R1-1900591)
	40
	2*10^-1@4UEs
	57.5%

	
	24
	0.85*10^-1@4UEs
	

	4 (Panasonic, R1-1900399)
	40
	0.4*10^-1@6UEs
	55%

	
	24
	0.18*10^-1@6UEs
	

	5 (Huawei, R1-1900399)
	40
	0.19*10^-2@5UEs, Rel-15 enabled use case
	35.8%

	
	24
	0.12*10^-2@5UEs, Rel-15 enabled use case
	

	
	40
	0.13*10^-1@10UEs, Rel-15 enabled use case
	36.5%

	
	24
	0.82*10^-2@10UEs, Rel-15 enabled use case
	

	
	40
	0.29*10^-1@15UEs, Rel-15 enabled use case
	41.4%

	
	24
	0.17*10^-1@15UEs, Rel-15 enabled use case
	



Proposal 2.1-2: Capture Table 2 in TR 38.824.

Based on the above results in Table 2, we can get the following observation:
Observation 2.1-8: Compact DCI is beneficial for improving PDCCH blocking. 
As described in Ericsson’s paper, there exist other means to reduce PDCCH blocking probability, e.g. by allowing multiple PDCCH monitoring opportunity within a latency bound. The corresponding results and analysis can be seen in section 3. 
In addition, InterDigital (R1-1902606) and Asia Pacific Telecom (R1-1902414) proposed adaptive PDCCH blind detection to address the PDCCH blocking issue. CATT (R1-1902002) and OPPO (R1-1902416) proposed configured scheduling assignments in conjunction with some DCI indication to solve the problem brought by PDCCH blocking. Intel (R1-1902493) proposed two-stage DCI towards achieving better trade-off between the blocking and scheduling flexibility. Samsung (R1-1902296) proposed to introduce multicast scheduling and/or triggered PDSCH receptions and PUSCH transmissions with RRC-configured parameters to solve the PDCCH blocking issue while avoid increasing UE complexity.
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Performance impact on PDSCH/PUSCH 
Some companies provide some simulation results and/or analysis on the performance or flexibility impact on PDSCH/PUSCH from compact DCI as below: 
	Contribution [Huawei, R1-1903077]
[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%
	-



 Observation: 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 [ZTE, R1-1901767]
Table 3. DL simulation results of different FRA schemes
	Schemes of Frequency domain Resource Allocation
	BW = 10MHz, RBG = 4PRB, Arrival rate = 500 packet/s, 10UEs per cell

	
	Ratio of satisfied UEs  
	RU

	Rel-15 type 1 (PRB based starting position and PRB based resource allocation granularity)
	42.38%
	4.48%

	PRB based starting position and RBG based resource allocation granularity
	82.86%
	14.27%



Observation 3: In case of low RU, compact DCI with coarse frequency granularity performs better than Rel-15 type 1 resource allocation in terms of the rate of UEs satisfying the 1 ms latency and 1e-5 reliability. 



	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: Three sources (R1-1903077, R1-1901767 and R1-1900331) show that coarse scheduling granularity is beneficial at least for the cases where large bandwidth would be needed for data transmission, or for the cases where data congestion doesn’t exist.   
Observation 2.1-10: One source (R1-1900158) show that coarse scheduling granularity may result in larger PDSCH/PUSCH blocking for the cases where data congestion would happen.
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Impact on PDCCH blind decoding/DCI size budget
One concern about compact DCI is that it may increase the number of blind decodes. [R1-1901557, 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. [R1-1901767, 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. Note that the analysis for compact DCI here is also applied the case of a new DCI size, e.g. option 3 and 4 identified in the RAN1 AH#1901 meeting for the DCI size for Rel-16 URLLC. 
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. 
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[bookmark: OLE_LINK13] URLLC DCI design      
[bookmark: OLE_LINK2]In the RAN1 AH 1901 meeting, it was agreed to down-select one of the following options for the DCI format size of the DCI scheduling Rel-16 URLLC:
· Option 1: Fixed DCI size targeting a reduction of 10~16 bits reduction compared to the DCI format size of Rel-15 fallback DCI
· Support: ZTE, Spreadtrum

· Option 2: aligned with Rel-15 fallback DCI
· Support: Qualcomm, NTT DOCOMO, LG, OPPO, ETRI

· 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

· Support: MediaTek, ZTE, Huawei, Vivo   

· 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)

· Support: Samsung, Intel, Sony, Huawei, Ericsson, Fraunhofer, NTT DOCOMO, CATT, MediaTek, Pansonic, Sequans, Nokia, OPPO, 

· Option 5: no introduction of new DCI format due to this SI
· Support: AT&T
The pros and cons of the above five options are summarized in the following table:
	
	Advantages
	Disadvantages
	Overall assessment

	Option 1
	· Reduces DL control overhead
· Achieves higher PDCCH reliability and further ensure the requirement of reliability   
· Helps improve PDCCH blocking 
	· Very limited flexibility and thus, applicability
· Increases #DCI format size to be monitored if a UE is configured to monitor both Rel-15 non-fallback DCI and the compact DCI
· There are trade-offs between the improved blocking performance and reduction in dynamic scheduling flexibility
· May result in larger data blocking due to the only option of very coarse frequency domain scheduling
	· Smaller DCI size is needed to meet the requirement of reliability at least for some cases (e.g. TDL-A channel model) 
· Trade-offs between performance gain and flexibility  
· Given the compromise to scheduling efficiency and limited applicability, only relying on this option doesn’t work well  

	Option 2
	· No impact on #BDs and DCI size budget
· There is some chance to include some fields from Rel-15 non-fallback DCI compared to option 1.
· Provides a new design from a functionality perspective, as fallback DCI does not support some features

	· No benefit of reducing control overhead compared to other options
· Cannot improve PDCCH reliability compared to Rel-15 PDCCH
· There is no chance to help improve PDCCH blocking
· The way further details of configuration are defined, e.g., whether it corresponds to the CSS or UE-specific SS,  impacts DCI format sizes relative to the non-fallback DCI size (even if aligned to fallback)
	· The main benefit from such enforced size alignment, in terms of managing # DCI format sizes and #BDs, can also be handed by options 3 and 4, along with other advantages they provide.
· Such forceful size alignment, imposes an artificial limitation without any clear need (when there is no need for DCI size reduction, the design should benefit from additional features, in terms of scheduling flexibility, or more enhanced features, etc.)

	Option 3
	· Imposing less restrictions compared to Option 2, i.e., it is possible to reduce the size, but the maximum size cannot exceed the fallback size
· May achieve all the potential benefits from option 1 and option 2 by appropriate gNB configuration
	· Provides limited flexibility compared to option 4 
· Limiting the maximum size to Rel-15 fallback DCI format size is artificial – even the Rel-15 non-fallback DCI format size can be smaller by a few bits than Rel-15 fallback DCI size in some cases.
	Compared to Option 4, Option 3 is only imposing an artificial limitation without any clear need and/or benefit

	Option 4
	· Provides possibility to align with the size of the Rel-15 fallback DCI (including possible zero padding if any)
· Provides full flexibility
· Achieves all potential benefits from option 1/2/3/5 by appropriate gNB configuration
	· None identified
	· Option 4 provides full flexibility, as well as all potential benefits from option 1/2/3/5 by appropriate gNB configuration

	Option 5
	· No impact on #BDs and DCI size budget

	· Does not allow for reduction in DCI format size to realizing better system spectral efficiency via reduced DL control OH and improved blocking performance.
	· Option 5 can be realized through Option 4, and brings no clear benefit/value on its own 



Based on the above analysis on the pros and cons, it seems option 4 outperforms all other options. However, based on the company positions in the contributions, it seems a few companies still have different view, we may still need some discussion on which option to go. Therefore, the following proposal are given for now:









Proposal 2.1-3: 

For the DCI format 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 addition of at least one of the following configurable fields compared to Rel-15 fallback DCI 
· 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]
· Note: Other field(s) can be considered if needed 
· Note: This doesn’t imply the necessity to increase the DCI size budget (i.e. “3 +1”) compared to Rel-15


[bookmark: _GoBack]
· Examples of the potential new fields might be added in the DCI format scheduling Rel-16 URLLC compared to Rel-15 DCI 
· Repetition factor [0~2 bits]
· Priority indication [0~3 bits]
· Note: Other field(s) can be considered if needed 


What we already agreed about DCI design:
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

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 

Potential candidate proposal:
· Support potential addition of at least one of the following fields compared to Rel-15 fallback DCI 
· For DL
· Antenna port(s) [0~2 bits]
· Transmission configuration indication [0~3 bits]
· SRS request [0~3 bits] 
· Repetition factor [0~2 bits]
· Carrier indicator [0~3 bits]
· PRB bundling size indicator [0~1 bit]
· Rate matching indicator [0~2 bits]
· ZP CSI-RS triggering [0~2 bits] 
· CSI request [0~3 bit]
· Note: Other field(s) can be considered if needed 
· For UL
· Carrier indicator [0~3 bits]
· SRS request [0~3 bits] 
· CSI request [0~3 bit]
· Beta offset indicator [0~2 bits]
· Repetition factor [0~2 bits]
· Note: Other field(s) can be considered if needed 
· Support potential reduction of the number of bits for at least one of the following fields compared to Rel-15 DCI 
· For DL 
· Frequency domain resource assignment 
· Time domain resource assignment
· Modulation and coding scheme
· HARQ process number
· Redundancy version 
· Downlink assignment index
· For UL 
· 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
· Note: Reduction of other fields are not precluded 

As to the detailed design of the DCI format, many companies provide detailed views as summarized in the table below:  
Table 3 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, Panasonic
5 bit
Support: Ericsson

	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, Ericsson 
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, Panasonic  
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, Panasonic 
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
2 bits
Support: Ericsson, Intel 

	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, Panasonic  
3 bits: CATT, Intel
0 or 2 bit
Support: Ericsson (2 for TDD), 

	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, Panasonic
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, Panasonic
0 bit
Support: Nokia

	Transmission configuration indication
	N/A
	Configurable # of bits (0 or 1 or 2 or 3 bits) 
Support: NTT DOCOMO, CATT, Ericsson, Panasonic 
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 5 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, Panasonic
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, Panasonic
5 bit
Support: Ericsson, 

	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, Ericsson, Panasonic
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, Panasonic
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, Panasonic
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
[bookmark: OLE_LINK3]0 bit
Support: Nokia
1 bit
Support: Ericsson, 

	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. In the RAN1#AH 1901 meeting, it was agreed to support 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 
In addition, as shown in the above two tables, many companies [Qualcomm, R1-1903004][NTT DOCOMO, R1-1902804][Nokia, R1-1901950][CATT, R1-1902002][Intel, R1-1902493][Samsung, R1-1902296][Ericsson, R1-1901593][Sequans, R1-1902126][ZTE, R1-1901767][OPPO, R1-1902416] 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.   

Since the detailed DCI design would depend on the design of URLLC features, it can be discussed and determined in the work item phase as several companies mentioned. In the study item phase, we should at least decide the direction to go for the DCI format design though based on all the evaluations and analysis in the study item phase, e.g. whether to allow configurable sizes for some fields, whether to provide the possibility to align the DCI size with some of the existing DCI, and whether to provide the possibility to achieve a smaller DCI size compared to Rel-15 fallback DCI. These kind of high level directions are critical for the design of URLLC features and conclusions in study item can fasten the discussion of URLLC features in work item.    
In addition, some other aspects related to DCI design are also discussed in some papers. For example, [LG, R1-1902045] mentioned that how to manage DCI size budget and how to differentiate DCI formats if the size of new DCI format is aligned with that of Rel-15 fallback DCI needs to be further studied. Solutions can be like different search space or different RNTI can be considered. [ETRI, R1-1902441] mentioned that new RNTI can be introduced with configurable relation between RNTI and a set of functionalities

	Company
	View

	
	

	
	



Increased PDCCH monitoring capability 
Several companies have provided analysis to study the potential benefits of increased PDCCH monitoring capability [R1-1901593, Ericsson][R1-1902416, OPPO][R1-1902045, LG][R1-1901950, Nokia][R1-1902804, NTT DOCOMO][R1-1901692, Vivo][R1-1902441, ETRI] [R1-1903004, Qualcomm][CATT, R1-1902002][Asia Pacific Telecom, R1-1902414][Sequans, R1-1902126][MediaTek, R1-1901822], the observed benefits includes potential reducing latency and improving the PDCCH blocking. While some companies [Samsung, R1-1902296][Spreadtrum, R1-1902716][InterDigital, R1-1902606][Huawei, R1-1901557] seems show concern on increased PDCCH monitoring capability considering UE complexity. 
In the following sections, the key issues about increase PDCCH monitoring capability are summarized. 
Maximum number of PDCCH monitoring occasions needed for URLLC per slot    
The key 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:
· At least 3: MediaTek (only for SCS of 15 kHz), Ericsson, Sequans
· At least 4: CATT (for FDD and 60 kHz)  
· 7: Vivo, Qualcomm, Nokia, NTT DOCOMO, ZTE, OPPO, Asia Pacific Telecom, ETRI 
Some companies provide detailed analysis on how to get the numbers:   
	Contribution [MediaTek, R1-1901822]
Figure 3 and Figure 4 show the CDF of the latency for a single shot transmission for SCS = 15 kHz and SCS = 30 kHz. Various PDCCH monitoring periodicities are evaluated to determine the periodicity needed to meet the latency requirement. 
For example for SCS = 15 kHz and with a single shot transmission, PDCCH monitoring configuration with 4 OS periodicity is needed to meet the 1ms latency required, which is equivalent to at least 3 PDCCH monitoring occasions configured. 
	[image: ]
[bookmark: _Ref534357421]Figure 3: SCS =15 kHz 
	[image: ]
[bookmark: _Ref534357428]Figure 4: SCS =30 kHz 






	Contribution [Qualcomm, R1-1903004]
Focusing on the DL direction and considering that completing two transmissions within the latency budget of 1ms is critical for an efficient operation, we analyze the achievable latency under Case 1-1 and Case 2 with different number of monitoring occasions as follows (Note that in the analysis below, we have assumed multiple HARQ-ACK reporting per slot is allowed):  
· 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 [CATT, R1-1902002, R1-1902005]
For the reference Case 1, where the gNB processing time is associated with the UE N1/N2 processing time, it was observed in [3] that for FDD and 60 KHz SCS at least four monitoring occasions may be required per slot to achieve 1ms latency budget for DL scheduling when provisioning for at least one HARQ retransmission.
Contribution [CATT, R1-1902005]
We assumed two cases for gNB processing time assumptions to model different assumptions on the base station load as follow where X=2 for 30kHz SCS and X=4 for  60kHz SCS, 
· Case 1: Processing time for scheduling the initial PDSCH is N2/2 + X and decoding time for the last PUSCH is N1/2+X
· Case 2: Processing time for scheduling the initial PDSCH is N2+X and decoding time for the last PUSCH is N1+X. 
[bookmark: _Ref534637169][bookmark: _Ref1129966]Table 1: Latency analysis under Rel-15 N1/N2 values (FDD)
	gNB proc time assumption
	SCS (kHz)
	# MO/slot
	TTI (OS)
	DL
	UL ConfiguredGrant

	
	
	
	
	1 Tx (ms)
	2 Tx (ms)
	1 Tx (ms)
	2 Tx (ms)

	Case 1
	30
	4
	2
	0.58
	1.22
	0.39
	1.07

	
	
	
	4
	0.72
	1.51
	0.61
	1.29

	
	
	
	7
	0.94
	1.94
	0.75
	1.54

	
	
	7
	2
	0.51
	1.15
	0.39
	1.04

	
	
	
	4
	0.65
	1.37
	0.61
	1.29

	
	
	
	7
	0.87
	1.87
	0.75
	1.54

	
	60
	4
	2
	0.46
	0.96
	0.32
	0.86

	
	
	
	4
	0.53
	1.1
	0.43
	0.96

	
	
	
	7
	0.63
	1.21
	0.5
	1.13

	
	
	7
	2
	0.42
	0.92
	0.32
	0.82

	
	
	
	4
	0.49
	1.03
	0.43
	0.96

	
	
	
	7
	0.6
	1.17
	0.5
	1.13

	Case 2
	30
	4
	2
	0.68
	1.32
	0.47
	1.15

	
	
	
	4
	0.82
	1.61
	0.69
	1.37

	
	
	
	7
	1.04
	2.04
	0.83
	1.62

	
	
	7
	2
	0.61
	1.25
	0.47
	1.12

	
	
	
	4
	0.75
	1.46
	0.69
	1.37

	
	
	
	7
	0.96
	1.96
	0.83
	1.62

	
	60
	4
	2
	0.55
	1.05
	0.4
	0.94

	
	
	
	4
	0.63
	1.2
	0.51
	1.04

	
	
	
	7
	0.73
	1.3
	0.58
	1.21

	
	
	7
	2
	0.52
	1.02
	0.4
	0.9

	
	
	
	4
	0.59
	1.13
	0.51
	1.04

	
	
	
	7
	0.7
	1.27
	0.58
	1.21






Observation 2.2-1: At least 3 PDCCH monitoring occasions per slot are needed for SCS of 15 kHz assuming one shot transmission for URLLC within 1 ms latency budget. 1 PDCCH monitoring occasion per slot may be sufficient for SCS of 30 kHz, 60 kHz and 120 kHz assuming one shot transmission for URLLC within 1 ms latency bound.  
     
Observation 2.2-2: 7 PDCCH monitoring occasions per slot are needed for SCS of 30 kHz assuming two transmissions for URLLC within 1 ms latency budget.

Observation 2.2-3: At least 4 PDCCH monitoring occasions per slot are needed for SCS of 60 kHz assuming two transmissions for URLLC within 1 ms latency budget.

The related issues are discussed under the agenda item of enhanced scheduling/HARQ processing timeline also. More observations can be drawn from that session maybe.
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Evaluation on NR Rel-15 PDCCH capability    
In Rel.15 NR, the limits of PDCCH BDs/CCEs are specified as following in TS 38.213:
	

Table 10.1-2: Maximum number of monitored PDCCH candidates per slot for a single serving cell as a function of the subcarrier spacing value  kHz, 
	

	
Maximum number of monitored PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20





Table 10.1-3: Maximum number of non-overlapped CCEs per slot for a single serving cell as a function of the subcarrier spacing value  kHz, 
	

	
Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32






Some companies provide some analysis and/or evaluation on NR Rel-15 PDCCH capability. Some examples are given below:
	Contribution [MediaTek, R1-1901822]
Table 3 shows the number of CCEs required to meet the 1ms latency target while accommodating two non-overlapping AL16 candidates or only one AL16 candidate per each monitoring occasion.
The Table shows that 96 CCEs and 32 CCES are required respectively for SCS = 15 kHz and 30 kHz with two non-overlapping AL16 candidates per occasion. 
[bookmark: _Ref534363689][bookmark: _Ref534363685]As a result, we can deduce that the number of CCEs need to be increased for 15 kHz to 96 CCEs instead of 56 CCEs in Rel-15 and the number of CCEs could be maintained the same for the remaining numerologies. 
	
	Monitoring occasions
	CCEs required
(2xAL16)
	CCEs required
(1xAL16)
	Rel-15

	SCS=15kHz
	3
	96
	48
	56

	SCS=30kHz 
	1
	32
	16
	56


Table 3 : CCEs required assuming two non-overlapping AL16 candidates per monitoring occasion
Proposal 4: Increase the number of CCEs to 96 for SCS = 15 kHz and keep the same Rel-15 numbers for the remaining numerologies.



	Contribution [CATT, R1-1902002]
Distributing the number of BDs for 60 KHz in Table 2 into four PDCCH monitoring occasions results in roughly 4 BDs per monitoring occasion. Since the USS may be configured after a UE has provided initial CSI measurements to the network, it is reasonable to assume that the AL distribution is tailored to the UE’s DL geometry, i.e. it is not necessary to configure PDCCH candidates for all five ALs. Nevertheless 4 BDs per monitoring occasion is quite small. Even if the latency target is relaxed such that only 2 monitoring occasions are required in a slot it only translates to roughly 8 BDs per monitoring occasion for 60 KHz SCS.
For the same scenario of four monitoring occasions in a slot for 60 KHz SCS, there would be 8 CCEs per monitoring occasion, which is only sufficient for one AL8 candidate. Even if the UE did not monitor a CSS set in this slot and the full complement of 48 CCEs were available for the USS set it would only result in 12 CCEs per monitoring occasion, equivalent to one AL8 candidate and one non-overlapping AL4 candidate. This PDCCH capacity is woefully inadequate even with the PDCCH configuration flexibility available in NR. Note that this example scenario is quite simple and does not consider other potential use cases such as multi-TRP scheduling where the required number of BDs/CCEs would also increase. Therefore, serious consideration should be given to at least increasing the number of CCEs for channel estimation for URLLC scheduling.  
Observation: the Rel-15 limits on PDCCH candidates and non-overlapping CCEs processed for channel estimation may not be sufficient to support URLLC scheduling with at least one retransmission.



	Contribution [Nokia, R1-1902002]
Distributing the number of BDs for 60 KHz in Table 2 into four PDCCH monitoring occasions results in roughly 4 BDs per monitoring occasion. Since the USS may be configured after a UE has provided initial CSI measurements to the network, it is reasonable to assume that the AL distribution is tailored to the UE’s DL geometry, i.e. it is not necessary to configure PDCCH candidates for all five ALs. Nevertheless 4 BDs per monitoring occasion is quite small. Even if the latency target is relaxed such that only 2 monitoring occasions are required in a slot it only translates to roughly 8 BDs per monitoring occasion for 60 KHz SCS.
For the same scenario of four monitoring occasions in a slot for 60 KHz SCS, there would be 8 CCEs per monitoring occasion, which is only sufficient for one AL8 candidate. Even if the UE did not monitor a CSS set in this slot and the full complement of 48 CCEs were available for the USS set it would only result in 12 CCEs per monitoring occasion, equivalent to one AL8 candidate and one non-overlapping AL4 candidate. This PDCCH capacity is woefully inadequate even with the PDCCH configuration flexibility available in NR. Note that this example scenario is quite simple and does not consider other potential use cases such as multi-TRP scheduling where the required number of BDs/CCEs would also increase. Therefore, serious consideration should be given to at least increasing the number of CCEs for channel estimation for URLLC scheduling.  
Observation: the Rel-15 limits on PDCCH candidates and non-overlapping CCEs processed for channel estimation may not be sufficient to support URLLC scheduling with at least one retransmission.



In addition, based on the maximum number of PDCCH monitoring occasions observed in section 2.2.1, we can do a simple calculation as shown in the following Tables:
Table 4 Maximum number of non-overlapped CCEs for channel estimation needed for different cases
	
	One candidate of AL8
	One candidate of AL16
	Two candidates of AL8
	Two candidates of AL16

	15kHz SCS, 3 monitoring occasions per slot assuming one short transmission for URLLC within 1ms latency budget
	24
	48
	48
	96

	30kHz SCS, 7 monitoring occasions per slot assuming two transmissions for URLLC within 1ms latency budget
	56
	112
	112
	224
May be n reasonable

	60kHz SCS, 4 monitoring occasions per slot assuming two transmissions for URLLC within 1ms latency budget 
	32
	64
	64
	128



Table 5 Number of available BDs per PDCCH monitoring occasion based on Rel-15 PDCCH capability assuming 7 PDCCH candidates for CSS  
	
	Average number of PDCCH candidates per monitoring occasion in USS

	15kHz SCS, 3 monitoring occasions per slot assuming one short transmission for URLLC within 1ms latency budget
	~12

	30kHz SCS, 7 monitoring occasions per slot assuming two transmissions for URLLC within 1ms latency budget
	~4

	60kHz SCS, 4 monitoring occasions per slot assuming two transmissions for URLLC within 1ms latency budget 
	~4



Based on the above analysis, we can get the following observations:
Observation 2.2-4: For SCS of 15 kHz, Rel-15 PDCCH monitoring capability is not sufficient from the maximum number of non-overlapped CCEs per slot for channel estimation perspective, assuming two non-overlap PDCCH candidates with AL=16 are needed per PDCCH monitoring occasion, and 3 PDCCH monitoring occasions per slot.

Observation 2.2-5: For SCS of 15 kHz, Rel-15 PDCCH monitoring capability may be sufficient from the maximum number of non-overlapped CCEs per slot for channel estimation perspective, assuming two non-overlap PDCCH candidates with AL=8 or one PDCCH candidate with AL=16 are needed per PDCCH monitoring occasion, and 3 PDCCH monitoring occasions per slot.

Observation 2.2-6: For SCS of 30 kHz and 60 kHz, Rel-15 PDCCH monitoring capability is not sufficient from the maximum number of non-overlapped CCEs per slot for channel estimation perspective, assuming two non-overlap PDCCH candidates with AL=8 or one PDCCH candidate with AL=16 are needed per PDCCH monitoring occasion, and 7 PDCCH monitoring occasions per slot for 30 kHz and 4 PDCCH monitoring occasions per slot for 60 kHz.

As to the number of PDCCH candidates per PDCCH monitoring occasion, from Table 5 there are about 12 PDCCH candidate available per PDCCH monitoring occasions for SCS of 15 kHz, it may be sufficient. For SCS of 30 kHz and 60 kHz, the available number of PDCCH candidates per PDCCH monitoring occasion is about 4. From single URLLC only UE perspective, it may be sufficient as described in Samsung’s paper:
	Contribution [Samsung, R1-1902296]
UEs that support only URLLC services can be expected to monitor a single DCI format in the USS. Increasing the maximum number of PDCCH candidates per slot, compared to Rel-15 for the corresponding SCS [2], is unnecessary. A reduction should instead be considered to reduce complexity for such machine-type UEs.
Triggered PDSCH/PUSCH using UE-group common PDCCH and RRC configured parameters similar to SPS PDSCH/PUSCH suffice for AR/VR services and operation with small SCS. Increasing the maximum number of monitored PDCCH candidates per slot compared to Rel-15 is not necessary for operation with any SCS.
Similar to the maximum number of PDCCH candidates, an increase for SCS of 60 kHz or larger is not necessary (and it is challenging for the UE implementation).



Observation 2.2-7: For SCS of 15 kHz, Rel-15 PDCCH monitoring capability may be sufficient from the maximum number of monitored PDCCH candidates per slot perspective, assuming 3 PDCCH monitoring occasions per slot.

Observation 2.2-8: For SCS of 30 kHz and 60 kHz, Rel-15 PDCCH monitoring capability may be sufficient from the maximum number of monitored PDCCH candidates per slot perspective at least for UEs only monitoring URLLC service, assuming 7 PDCCH monitoring occasions per slot for 30 kHz and 4 PDCCH monitoring occasions per slot for 60 kHz.
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Evaluation on PDCCH blocking    
Some companies mentioned that increased PDCCH monitoring capability can help reduce PDCCH blocking. The evaluation of PDCCH blocking on Rel-15 NR PDCCH can be seen in section 2.1.2, from where the following observations on PDCCH blocking with Rel-15 NR PDCCH were given:
· Four sources (R1-1902804, R1-1900158, R1-1900591 and R1-1902399) show that when the number of URLLC users per cell is 4 to 10, PDCCH blocking probability is higher than 1e-5 with Rel-15 NR PDCCH (i.e. DCI payload size 40 bits) assuming all URLLC UEs are scheduled in a CORESET with 16 or 32 CCEs in the same PDCCH monitoring occasion, the number of PDCCH candidates are {6, 6, 2, 2, 2} or {8, 8, 4, 2, 1} for aggregation level {1, 2, 4, 8, 16}, and the requirement of PDCCH reliability is 99.999% or 99.9999%.  
· Three sources (R1-1902804, R1-1900591 and R1-1902399) show that when the number of URLLC users per cell is 2 to 3, PDCCH blocking probability is higher than 1e-5 with Rel-15 NR PDCCH (i.e. DCI payload size 40 bits) assuming all URLLC UEs are scheduled in a CORESET with 16 CCEs in the same PDCCH monitoring occasion, the number of PDCCH candidates are {6, 6, 2, 2, 2} or {8, 8, 4, 2, 1} for aggregation level {1, 2, 4, 8, 16}, and the requirement of PDCCH reliability is 99.999% or 99.9999%.  
· Two sources (R1-1902804 and R1-1902399) show that when the number of URLLC users per cell is 3, PDCCH blocking probability is higher than 1e-5 with Rel-15 NR PDCCH (i.e. DCI payload size 40 bits) assuming all URLLC UEs are scheduled in a CORESET with 32 CCEs in the same PDCCH monitoring occasion, the number of PDCCH candidates are {6, 6, 2, 2, 2} for aggregation level {1, 2, 4, 8, 16}, and the requirement of PDCCH reliability is 99.999% or 99.9999%.  
· One source (R1-1901557) shows that when the number of URLLC users per cell is 5, 10, 15 or 10, PDCCH blocking probability is higher than 1e-5 with Rel-15 NR PDCCH (i.e. DCI payload size 40 bits) for power distribution with data arrival rate of 1200 p/s, Rel-15 enabled use case with data arrival rate of 500 p/s and transport industry with data arrival rate of 60 p/s, assuming a CORESET with 16 CCEs, the number of PDCCH candidates are {8, 4, 4, 2} for aggregation level {1, 2, 4, 8}, and the requirement of PDCCH reliability is 99.9999%.  

Ericsson provides some evaluation on the gain on PDCCH blocking by increasing PDCCH monitoring capability as below: 

	Contribution [Ericsson, R1-1901593]
[bookmark: _Ref528336817]Table 8 shows the PDCCH blocking probability after certain number of PDCCH occasions as a function of number of UEs per cell. It is evident that the PDCCH blocking probability within a slot can be reduced significantly with more PDCCH occasions.  
Table 6 PDCCH blocking probability within a slot with 1, 2, or 3 PDCCH occasions for different numbers of UEs per cell. (DCI size = 40 bits, CORESET duration = 1 symbol)
	Blocking prob.
	#UE = 10
	#UE = 20
	#UE = 30
	#UE = 40

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

	After 2 PDCCH occasions
	0
	1.42%
	19.50%
	37.75%

	After 3 PDCCH occasions
	0
	0
	0.17%
	4.15%



[bookmark: _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.



Some clarification may be needed on the assumptions to get the numbers in Ericsson paper since it is not that clear from the paper, e.g. whether to assume that all the UEs are to be scheduled in the same PDCCH monitoring occasions. However, in theory, the increase of PDCCH monitoring capability can provide more flexibility and/or more resource for URLLC scheduling, thus it can be expected that PDCCH blocking can be reduce. 
Observation 2.2-9: Increasing the limit of the number of CCEs/BDs may reduce PDCCH blocking.

	Company
	View

	
	

	
	

	
	



Impact on UE complexity     
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.
Observation 2.2-10: Increasing the limit of the number of CCEs/BDs may increase UE complexity.

Proposal 2.2-1: The following conditions can be considered for the support of increased PDCCH monitoring capability:
· Limitation on the maximum number of CCs compared to eMBB operation to keep the overall value is small. 
· Limitation on the maximum number of BDs/non-overlapping CCEs per monitoring occasion
· Joint management the number of BDs/CCEs across the configured cells
· Uniform distribution of the number of CCEs and BDs across a slot
· Reducing the maximum number of configurable CORESETs for eURLLC
Enhancements of PDCCH monitoring capability      
As to details of the enhancements, one question is whether only the limit of the number of non-overlap CCEs per slot needs to be enhanced, or both the limit of the number of CCEs and BDs need to be enhanced. Some companies provide the views as summarized below:
· Option 1:Enhance only the maximum number of non-overlapped CCEs per slot for channel estimation 
· Company position: Intel, ZTE

· Option 2: Enhance both the maximum number of non-overlapped CCEs per slot for channel estimation and the maximum number of monitored PDCCH candidates per slot
· Company position: Nokia, LG, CATT, Sequans, Ericsson, NTT DOCOMO, Asia Pacific Telecom, Vivo, OPPO, ZTE  
· Option 3: No enhancements on PDCCH monitoring capability 
· Company position: Samsung, Spreadtrum, InterDigital, Huawei  

Based on the observation in section 2.2.2, it seems the majority view is that the maximum number of non-overlapped CCEs per slot for channel estimation is not sufficient for Rel-16 NR URLLC with Rel-15 NR PDCCH. Whether the maximum number of monitored PDCCH candidates per slot is sufficient or not is not that clear or well justified. For compromise, companies are encouraged to agree at least enhancing the maximum number of non-overlapped CCEs per slot for channel estimation for now. In addition, based on the views from the companies not supporting any enhancement, the main concern is UE complexity. As discussed in section 2.2.4, some conditions can be introduced to reduce the UE complexity. For compromise, companies are encouraged to consider the following proposal:
Proposal 2.2-2: Specify at least one of the following conditions in work item phase for the support of increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for Rel-16 NR URLLC. 
· Limitation on the maximum number of BDs/non-overlapping CCEs per monitoring occasion and/or per monitoring span 
· Limitation on the maximum number of CCs compared to eMBB operation to keep the overall value is small. 
· Limitation on the maximum number of BDs/non-overlapping CCEs per monitoring occasion
· Joint management the number of BDs/CCEs across the configured cells
· Reducing the maximum number of configurable CORESETs for eURLLC

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

As to the detailed signalling design, [MediaTek, R1-1901822] proposed to define different UE capabilities to support different number of BDs/CCEs. [OPPO, R1-1900281] proposed to report the UE capability in a finer granularity, e.g. the maximum number of blind decoding per Y symbols. [Ericsson, R1-190][ETRI, R1-190] proposed to define the maximum number of blind decoding and the maximum number of CCEs for channel estimation per half slot. [LG, R1-190] proposed that UE capability on the maximum BD limits per monitoring occasion can be defined with the maximum number of monitoring occasions within a slot. [Vivo, R1-190] proposed that UE capacity is defined as two dimensions, including the maximum number of BD/CCEs per slot and the maximum number of BD/CCE per monitoring occasion. [Asia Pacific Telecom, Rl-190] proposed that the maximum number of BDs/CCEs shall be defined in the unit of sub-slot or monitoring occasion for Rel-16 UE. Considering the detailed values would also depend on the design of some URLLC features like DCI design and UL PI, the details should be discussed in work item. 
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Other PDCCH enhancements 
Some companies provide some other thinking on PDCCH enhancements:
· CATT (R1-1902002) and OPPO (R1-1902416) proposed configured scheduling assignments in conjunction with some DCI indication to solve the problem brought by PDCCH blocking.
· Intel [R1-1902493] 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 [R1-1901822] 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, R1-1903004][OPPO, R1-1902416][ZTE, R1-1901767] 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, R1-1901593] 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, R1-192606] 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. [Asia Pacific Telecom, R1-1902414] has similar idea. 
· [Samsung, R1-1902296] proposed to introduce multicast scheduling, and/or triggered PDSCH receptions and PUSCH transmissions with RRC-configured parameters. The motivation is to solve the PDCCH blocking issue while avoid increasing UE complexity. 
Among the above enhancements, several companies provide some enhancements to solve the PDCCH blocking and/or PDCCH capacity. According to the evaluation of PDCCH blocking on Rel-15 NR PDCCH in section 2.1.2, it seems PDCCH blocking would need to be further reduced to ensure the requirement of URLLC. Some solutions look promising for solving the PDCCH blocking and/or PDCCH capacity issue. For example, CATT (R1-1902002) and OPPO (R1-1902416) proposed configured scheduling assignments in conjunction with some DCI indication to solve the problem brought by PDCCH blocking. Intel (R1-1902493) proposed two-stage DCI towards achieving better trade-off between the blocking and scheduling flexibility. [Qualcomm, R1-1903004][OPPO, R1-1902416][ZTE, R1-1901767][NTT DOCOMO, R1-1902804] proposed to reduce the SPS periodicities. InterDigital (R1-1902606) and Asia Pacific Telecom (R1-1902414) proposed adaptive PDCCH blind detection to address the PDCCH blocking issue. Samsung (R1-1902296) proposed to introduce multicast scheduling and/or triggered PDSCH receptions and PUSCH transmissions with RRC-configured parameters to solve the PDCCH blocking issue while avoid increasing UE complexity. Companies are encouraged to check the enhancements and see if any of the enhancements can be supported in this release. 
Proposal 2.3-1: Companies are encouraged to study at least the following enhancements for solving the PDCCH blocking and/or PDCCH capacity issue for URLLC.  
· Configured scheduling assignments in conjunction with a group-common DCI or UE-specific DCI to indicate one out of the respective assignments. 
· Two-stage DCI with the first stage DCI conveying equivalent functionalities of the RRC indications and the second stage DCI conveying the activation equivalent functionalities.
· Reduce the SPS periodicities.  
· Adaptive blind detection by configuring multiple PDCCH monitoring configurations 
· Multicast or group scheduling 
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Reference
[1] R1-1901557	PDCCH enhancements for URLLC	Huawei, HiSilicon
[2] R1-1901593	PDCCH Enhancements for NR URLLC	Ericsson
[3] R1-1901692	PDCCH enhancements for URLLC	vivo
[4] R1-1901767	On PDCCH enhancements for URLLC	ZTE
[5] R1-1901822	Evaluations and enhancements of NR PDCCH for URLLC	MediaTek Inc.
[6] R1-1901909	On Potential enhancements to PDDCH for URLLC	AT&T
[7] R1-1901950	On the PDCCH enhancements for NR URLLC	Nokia, Nokia Shanghai Bell
[8] R1-1902002	PDCCH enhancements for URLLC	CATT
[9] R1-1902045	PDCCH enhancements for NR URLLC	LG Electronics
[10] R1-1902126	PDCCH enhancements for URLLC	Sequans Communications
[11] R1-1902176	Remaining considerations on compact DCI	Sony
[12] R1-1902296	DL Control Enhancements for URLLC	Samsung
[13] R1-1902399	PDCCH enhancements for NR URLLC	Panasonic Corporation
[14] R1-1902414	PDCCH enhancements for NR URLLC	Asia Pacific Telecom co. Ltd
[15] R1-1902416	PDCCH enhancement for URLLC	OPPO
[16] R1-1902441	PDCCH enhancements for URLLC	ETRI
[17] R1-1902493	On PDCCH enhancements for eURLLC	Intel Corporation
[18] R1-1902606	On Potential PDCCH enhancements for URLLC 	InterDigital, Inc.
[19] R1-1902716	Discussion on PDCCH enhancements for URLLC	Spreadtrum Communications
[20] R1-1902804	Potential enhancements to PDCCH	NTT DOCOMO, INC.
[21] R1-1903004	PDCCH Enhancements for eURLLC	Qualcomm Incorporated
[22] R1-1903077	Compact DCI for URLLC	Huawei, HiSilicon

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



NR RAN1 AH Meeting 1901  
	Agreements:
· 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



Observation:
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:
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.
Observation:
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. 
Observation:
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.
Observation:
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.
Observation:
· 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.

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

Conclusion on PDCCH repetition
· PDCCH repetition is not considered further in this study item
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