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1
Introduction
In RAN#80, a new study item on physical layer enhancements for NR URLLC was approved [1]. In Rel. 15, the basic support for URLLC was introduced. For NR URLLC Rel. 16, further use cases with tighter requirements have been identified such as factory automation, transport industry and electrical power distribution. The tighter requirements are higher reliability (up to 1E-6 level), higher availability, depending on the use cases. 
This document is updated from R1-1900399. The updated points are follows.

· BLER performance for CORESET length 1

· Blocking probability for CORESET length 1

· Discussion on option3 and option 4 for the DCI format size
2
Discussion
DCI false detection
The target false alarm rate 2-21 = 4.77E-7 has been assumed for 24bit CRC with SCL decoder in Rel.15 discussion. Even if only two PDCCH candidate with two RNTIs like C-RNTI, MCS-C-RNTI are monitored, the false detection rate is 2x2x4.77E-7 = 1.91E-6, which is larger than 1E-6. The false detection of DCI for URLLC impacts on reliability of PDSCH reception /PUSCH transmission directly. 

In order to reduce the false detection of DCI, followings are identified.

(1) Virtual CRC
Virtual CRC with fixed value padding is specified in a SPS activation/release.  The fixed value in DCI can be used to improve the reliability.
(2) Monitoring PDCCH occasions are limited for RNTI for URLLC
MCS-C-RNTI is monitored in USS and Type 3 CSS in Rel.15. When MCS-C-RNTI is configured, the number of blind decoding of MCS-C-RNTI equals it of C-RNTI. For URLLC with 1E-6 reliability, one option is the monitoring search spaces for RNTI for URLLC are limited to reduce the number of blind decoding. Other option is the number of trials for RNTI for URLLC per search space is limited compared to the number of trials for C-RNTI. On the other hand, this makes latency reduction more difficult.

(3) 2 steps PDCCH reception
For the symbols indicated by SFI PDCCH, PDCCHs are only monitored in dynamic DL symbols indicated by SFI and not received in dynamic flexible symbols. SFI PDCCH reception can contribute to reduce false alarm if UE monitors PDCCHs on dynamic DL symbols only when UE detects SFI correctly. In current spec, if SFI PDCCH is mis-detected or if SFI PDCCH is not sent by gNB, PDCCH is still monitored in semi-static flexible symbols. Therefore, false detection reduction by 2 steps PDCCH reception of SFI PDCCH and unicast PDCCH for URLLC does not work well. To resolve this, in case SFI PDCCH is not detected, unicast PDCCH for URLLC is not monitored in semi-static flexible symbol is one approach. On the other hand, such operation requires more reliable transmission of SFI PDCCH. The different handling of SFI reception makes compatibility more difficult.
In RAN1#95, following was agreed. Therefore, it would be difficult to reduce false detection of DCI in CSS when UE is operating to target 1E-6. On the other hand, in order to reduce the latency, USS would be configured more frequently in time for URLLC and at least some mechanism to reduce false detection of DCI should be taken.

· No change of DCI format 0_0/1_0 in CSS from Rel-16 URLLC study item perspective
Proposal 1: False detection reduction of DCI should be realized by at least virtual CRC for DCI targeting 1E-6 operation.
BLER performance of compact DCI
The BLER performance of compact DCI is shown in Figure 1. The number of BS antennas is 4Tx for 4GHz power distribution. The DCI payloads without 24 bits CRC are 40bits, 30bits and 24bits. The number of OFDM symbols of a CORESET is 1 or 2 symbols. The deployment is urban macro for power distribution. Simulation assumptions are shown in Annex Table 2. According to the evaluation, the size reduction gain is not so large in higher aggregation levels. AL16 and AL8 can provide sufficient performance (1E-5) for 5th percentile DL SINR (-3.3dB) in urban macro scenario. The SINR geometry is shown in Annex Figure 4.
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(a) The number of OFDM symbols of a CORESET is one.
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(b) The number of OFDM symbols of a CORESET is two.
Figure 1 The BLER performance benefit of compact DCI

Observation1: AL16 and AL8 can provide sufficient performance (1E-5) for 5th percentile DL SINR (-3.3dB) in 4GHz urban macro scenario.
Blocking probability of compact DCI
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.
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Figure 2 The blocking probability
The 24bits DCI and 30bits DCI can reduce the blocking probability compared to 40bit DCI. The effect is similar to reducing two UEs for 24bits DCI and one UE for 30bits DCI. However, for URLLC, the number of UEs in a CORESET would be small assuming sporadic traffic. When configured grant is used, the number of PDCCH in a CORESET could be more reduced.

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.

DCI format size
In RAN1#AH1901, followings are agreed.
	· 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




We considered option 2 is enough from our performance results of BLER and blocking probability. In option 2, the number of BD could be reduced. We still don’t see the need to compact DCI. However, for the progress of the standardization, option 3 and option 4 are considered. Those can include option 2 like behavior that URLLC DCI size are aligned with DCI format 0_0/1_0.  In option 3, the maximum DCI size should be equal to the DCI format 0_0/1_0. If DCI contents are configured and the size difference is allowed, the limitation of the maximum size is not necessary. In option 4, the maximum DCI size can be larger than DCI format 0_0/1_0. When MIMO related parameter is included, DCI size would be larger. When the SNR is not so severe and the number of UEs in a CORESET is small, gNB can configure larger DCI size for flexible operation. We think option 4 is better option. If option 4 is supported, URLLC DCI format size alignment with DCI format 0_1/1_1 should also be considered to avoid truncation of URLLC DCI format. 
Proposal 2: Option 4(DCI with configurable sizes for some fields and maximum DCI size can be larger than DCI format 0_1/1_0) is supported. URLLC DCI format size alignment with DCI format 0_1/1_1 should be also considered.

We consider following 4 cases with Figure 3 for option 3 and 4 in PCell that DCI format 0_0/1_0 are monitored in CSS.
· Case 1: URLLC DCI < DCI format 0_0/1_0 < DCI format 0_1/1_1

· Case 2: (only for option 4) DCI format 0_0/1_0 < URLLC DCI < DCI format 0_1/1_1

· Case 3: (only for option 4) DCI format 0_0/1_0 DCI format 0_1/1_1 < URLLC DCI
· Case 4: URLLC DCI < DCI format 0_0/1_0 

[image: image4.emf]DCI 

0_0/1_0

URLLC

DCI

DCI 

0_0/1_0

URLLC

DCI

DCI 

0_0/1_0

URLLC

DCI

DCI 

0_0/1_0

URLLC

DCI

DCI 

0_1 /1_1

DCI 

0_1 /1_1

DCI 

0_1 /1_1

DCI 

0_0/1_0

URLLC

DCI

RRC configures whether  

URLLC DCI size is independent 

or aligned with DCI format 

0_0/1_0. 

Zero padding

Case 1

Case 2

Case 3

Case 4

or


Figure 3 The zero padding cases

In case 1, 2 and 3, when three different DCI sizes are configured in USS, zero padding is applied for URLLC DCI or DCI format 0_1/1_1. In case 4, only DCI format 0_0/1_0 and URLLC DCI are configured then the number of different DCI sizes in USS doesn’t exceed the upper limit. In case 4, the compact DCI can be configured. On the other hand, to reduce the number of BDs, URLLC DCI size alignment with DCI format 0_0/1_0 has a merit. When the number of BDs in a CORESET is small, the number of monitoring occasions can be increased. RRC can configure whether independent DCI size including the compact DCI size or alignment with DCI format 0_1/1_0. 
Contents of DCI
In RAN1#AH1901, followings are agreed.
	· 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 


Our current views on contents of DCI are shown in Table 4 and Table 5 in Annex. DCI format 1_0 and 0_0 does not support MIMO related operation and we'd like to be configured some parameters related to MIMO. On the other hand, for URLLC, cross carrier scheduling is not necessary to be supported. The carrier indicator is not necessary. 
3
Conclusion 
Here we summarize the observations and proposals 
Observation1: AL16 and AL8 can provide sufficient performance (1E-5) for 5th percentile DL SINR (-3.3dB) in 4GHz urban macro scenario.

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.

Proposal 1: False detection reduction of DCI should be realized by at least virtual CRC for DCI targeting 1E-6 operation.

Proposal 2: Option 4(DCI with configurable sizes for some fields and maximum DCI size ca be larger than DCI format 0_1/1_0) is supported. URLLC DCI format size is aligned with DCI format 0_1/1_1 should be also considered.

Annex

Table 2 Simulation parameters of BLER
	Parameters
	Value

	DCI payload (excluding 24bits CRC)
	40bits, 30bits, 24bits

	System bandwidth
	40MHz

	Carrier Frequency
	4GHz

	Number of symbols for CORESET
	1, 2

	CORESET BW (contiguous PRB allocation)
	40MHz

	Subcarrier spacing
	30KHz

	Aggregation level
	1, 2, 4, 8, 16.

	Transmission type
	Interleaved

	REG bundling size
	6

	Modulation 
	QPSK

	Channel coding
	Polar code (DCI)

	Transmission scheme
	1-port precoder cycling

	Channel estimation
	Realistic

	Channel model
	TDL-C (delay spread: 300ns) 

	UE speed
	3 km/h

	Number of BS antennas
	4Tx

	Number of UE antennas
	4Rx for 4GHz

	Deployment
	Urban macro as listed in 3GPP 38.802
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Figure 4 SINR geometry
Table 3 Simulation parameters of SINR geometry
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	ISD
	500m

	Carrier frequency
	4 GHz

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz

	Channel model 
	UMa in TR 38.901

	BS antenna configurations
	4 Tx antenna ports
(M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 2); 
dH = 0.5λ, dV = 0.8λ; electrical down tilt = 102 degree

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	UE antenna configuration
	4 Rx antenna ports 
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2); dH = 0.5λ

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)

	UE antenna gain
	0dBi as starting point

	UE receiver noise figure
	9 dB

	Total transmit power per TRxP
	49 dBm 

	UE distribution
	100% of users are outdoors 


Table 4 The contents of URLLC DCI for DL allocation
	Fields
	DCI format 1_0
	Our current views

	Identifier for DCI formats
	1 bit
	Fixed 1 bit to align with the URLLC DCI size for UL and DL.

	Frequency domain resource assignment
	X bits
	The number of bits is configured. 

	Time domain resource assignment
	4 bits
	The number of bits is configured.(4,3,2,1,0) as same as DCI format 1_1.

	VRB-to-PRB mapping
	1 bit
	0 bits is OK. Localized or distributed is configured by RRC

	Modulation and coding scheme
	5 bits
	The number of bits is configured. (5,4,3?)

	New data indicator
	1 bit
	Default 1 bit.
HARQ is supported.

	Redundancy version
	2 bits
	The number of bits is configured (2,1,0).
When target is 1E-5,the retransmission is not happen frequently.

	HARQ process number
	4 bits
	The number of bits is configured (4,3,2,1)

	Downlink assignment index
	2 bits
	The number of bits is configured (2,1,0)

	TPC command for scheduled PUCCH
	2 bits
	The configurable (0 or 2)

	PUCCH resource indicator
	3 bits
	The number of bits is configured (3,2,1,0)

	PDSCH-to-HARQ_feedback timing indicator
	3 bits
	The number of bits is configured (3,2,1,0)

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

	Carrier indicator 
	N/A
	Default 0. Cross carrier scheduling is not necessary to be supported.

	PRB bundling size indicator
	N/A
	The configurable (0 or 1)

	Rate matching indicator
	N/A
	FFS

	ZP CSI-RS trigger
	N/A
	FFS

	Antenna port(s)
	N/A
	The number of its are configurable (2,1,0).
MIMO related parameter should be supported in URLLC.

	Transmission configuration indication
	N/A
	The number of its are configurable (3 or 0).

	SRS request 
	N/A
	FFS

	DMRS sequence initialization
	N/A
	FFS

	Repetition factor 
	N/A
	It depends on MIMO discussion

	A-CSI triggering 
	N/A
	FFS

	Waveform indicator 
	N/A
	FFS

	BWP indicator
	N/A
	FFS

	New format indicator 
	N/A
	Not necessary

	Virtual CRC
	N/A
	supported


Table 5 The contents of URLLC DCI for UL allocation
	Fields
	DCI format 0_0
	Our current views

	Identifier for DCI formats
	1 bit
	Fixed 1 bit to align with the URLLC DCI size for UL and DL.

	Frequency domain resource assignment
	X bits
	The number of bits is configured. 

	Time domain resource assignment
	4 bits
	The number of bits is configured (4,3,2,1,0) as same as DCI format 1_1.

	Frequency hopping flag
	1 bit
	0 bits would be OK.
It could be RRC configuration.

	Modulation and coding scheme
	5 bits
	The number of bits is configured. (5,4,3?)

	New data indicator
	1 bit
	Default 1bit.
HARQ is supported.

	Redundancy version
	2 bits
	The number of bits is configured (2,1,0).
When target is 1E-5,the retransmission is not happen frequently.

	HARQ process number
	4 bits
	The number of bits is configured (2,1,0).

	TPC command for scheduled PUSCH
	2 bits
	FFS

	UL/SUL indicator
	1 bit
	FFS

	New field(s) proposed to be added compared to DCI format 0_0

	Carrier indicator 
	N/A
	0bits.
Cross carrier scheduling is not necessary to be supported.

	SRS resource indicator 
	N/A
	FFS

	Precoding information and number of layers
	N/A
	Configurable (2,1,0)

	Antenna port(s)
	N/A
	Configurable (2,1,0)
MIMO related parameter should be supported in URLLC.

	SRS request 
	N/A
	FFS

	CSI request
	N/A
	FFS

	beta offset indicator 
	N/A
	FFS

	Repetition factor 
	N/A
	When PUSCH repetition is configured, it might be necessary. But the repetition number could be indicated by time domain resource allocation.
It is also related to MIMO discussion.

	BWP indicator
	N/A
	Not necessary

	New format indicator
	N/A
	Not necessary

	Virtual CRC
	N/A
	supported
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