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Introduction
According to [1], RAN1 should identify techniques for supporting the ultra-reliable part of URLLC requirements set forth in [2] starting in RAN1 NR Ad-hoc#2 meeting in June 2017. 
[bookmark: _Hlk485323842]NR DL control channel design is currently ongoing in RAN1. In this document, we discuss high level design aspects that need to be considered for supporting ultra-reliability requirements. In a companion contribution [3], we provide additional performance evaluations. 
Discussion
Reliability requirement for DL control
TR 38.913 describes the reliability requirement for URLLC as follows

“Reliability can be evaluated by the success probability of transmitting X bytes within a certain delay, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality (e.g., coverage-edge).
A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms.”

According to the text, the reliability target is set for transmission of a ‘small data packet’ with a BLER <= 10-5. This BLER needs to be achieved at a certain channel quality (e.g. coverage edge). Therefore, the SINR at which this requirement needs to be met depends on the deployment in which the URLLC service is operated. 

Also, the requirement is set for “transmission of a packet”, i.e., there is no explicit target for individual L1 channels (e.g. PDCCH, PUCCH). However, individual channels should be reliable enough such that overall reliability for transmission of the packet is achieved.  For example, if we assume a single DL transmission, the following should be satisfied assuming independent error events for control and data transmissions. 

Pr(packet error) = Pr(DL control error) + Pr(data error | no DL control error)* Pr(no DL control error) ≤ 10-5

For this case, any UL control error (e.g. PUCCH to send ACK/NACK) generally does not affect reliability as long as the packet is correctly received by the UE. However, for cases with retransmissions, UL control needs to be taken into account along with DL data and control. Also, for retransmissions the reliability of the individual transmissions’ control and data can be relaxed according to the number of possible retransmission attempts. For example, assuming one retransmission, the following should be satisfied assuming independent error events for initial transmission and retransmissions

Pr(packet error) = Pr(1st tx error) * Pr(error in 2nd tx including possible feedback error) ≤ 10-5

Observation 1: 
· For single transmission case, BLER for DL control should be less than 10-5. 
· The BLER requirement is more relaxed for the case with retransmissions. 
· SINR at which the BLER requirement needs to be met depends on the deployment in which the URLLC service is operated
Design aspects impacting DL control reliability
Below we discuss some DL control related design aspects that impact reliability. The required control reliability can be achieved by several means including

· Improved UE/gNB hardware capabilities
· More antennas at gNB/UE. 
· Enhanced gNB/UE implementation 
· Time domain/Frequency domain interference avoidance (e.g. using a soft reuse pattern for CORESET resources to reduce inter-cell interference)
· Spatial domain interference management via beamforming
· Advanced UE receivers
· NR PDDCH design choices 
· Distributed CCE mapping
· CORESET spanning multiple OFDM symbols
· Smaller DCI payload size 
· Higher aggregation levels 

Observation 2: 
DL control reliability can be achieved by several means including 
· improved UE/gNB hardware capabilities (e.g. more receive/transmit antennas); 
· implementation specific approaches (interference management, beamforming)
· suitable design choices for NR-PDCCH (e.g. smaller DCI payload size, larger aggregation levels)

Among the above design aspects, enhanced hardware capabilities and implementation choices can be targeted for specific high reliability use cases while NR PDCCH related design aspects should be considered by considering not only the high reliability requirements but also overall NR framework.
For example, Table 1 below shows the required NR PDCCH aggregation level for meeting different BLER targets assuming 1 OFDM symbol CORESET, 15kHz SCS, 2Tx-2Rx gNB-UE antenna configuration and 20 bit DCI payload size excluding CRC. More detailed performance curves corresponding to these results and simulation assumptions are shown in Annex A. 

Table 1: Aggregation level required to achieve different reliability target for the case of DCI size =20 bits (excluding CRC), distributed CCE, 2Tx-2Rx gNB-UE antennas, channel TDLB-300 ns 3kmh.

	Target BLER/SNR
	0 dB
	-1 dB
	-2 dB
	-3 dB
	-4 dB
	-5 dB

	1e-3
	AL4
	AL4
	AL4
	AL8
	AL8
	AL16

	1e-4
	AL4
	AL4
	AL8
	AL8
	AL16
	AL16

	1e-5
	AL4
	AL8
	AL8
	AL16
	AL16
	AL16

	1e-6
	AL8
	AL8
	AL8/16
	AL16
	AL16/32
	AL32




Table 2: Aggregation level required to achieve different reliability target for the case of DCI size =20 bits (excluding CRC), distributed CCE, 2Tx-4Rx gNB-UE antennas, channel TDLB-300 ns 3kmh.

	Target BLER/SNR
	0 dB
	-1 dB
	-2 dB
	-3 dB
	-4 dB
	-5 dB

	1e-3
	AL2
	AL2
	AL4
	AL4
	AL4
	AL8

	1e-4
	AL2
	AL2
	AL4
	AL4
	AL4
	AL8

	1e-5
	AL2
	AL4
	AL4
	AL4
	AL8
	AL8



As seen from Table 1, results point towards 16 or even 32 CCE aggregation level if the most stringent reliability requirement is coupled with the lowest value (-5dB) of SINR evaluation range mentioned in [5]. 16CCE aggregation level corresponds to 96PRBs or ~17MHz BW for 15kHz subcarrier spacing, while 32CCE aggregation level corresponds to 192PRBs or ~35MHz BW. This would also imply that for lower bandwidth or for cases where subcarrier spacing is higher, a significant portion of the slot would be taken away by a single high aggregation level PDCCH which can also have a negative impact on latency. Further, if the design would rely on going up in aggregation level this will also impact the performance of other UEs operating on the same carrier.

Therefore, while one approach (as discussed above) is to stretch the NR-PDCCH structure to achieve the reliability requirements by assuming nearly worst-case gNB/UE hardware capability and implementation, RAN1 should also investigate alternate approaches that can possibly enable a more pragmatic trade-off between the several design parameters available for achieving high reliability (e.g. 4 or more UE Rx antennas, network implementation with some form of interference mitigation etc.). Such approaches can provide good overall network performance and minimize the impact to other UEs operating on the carrier. For example, Table 2 below shows the minimum AL required to achieve the same reliability target for the 2Tx-4Rx case. Results show that even 1e-5 BLER can be achieved with 8 CCE aggregation level even for very low SNR cases. It should be noted that ITU evaluation assumptions that are currently being drafted [4], also follow a similar approach, i.e., the evaluation configuration for Urban Macro URLLC test environment allows UE antenna configurations with up to 8Tx/Rx for 4GHz and 4Tx/Rx  for 700MHz.


Proposal:
· To meet the reliability requirements, RAN1 should investigate approaches that consider a suitable trade-off between UE/gNB hardware capability, UE/gNB implementation related enhancements and performance of NR DL control channels.

Conclusions
In this document, we discuss high level design aspects that need to be considered for supporting ultra-reliability requirements and make the following observations.
Observation 1: 
· For single transmission case, BLER for DL control should be less than 10-5. 
· The BLER requirement is more relaxed for the case with retransmissions. 
· SINR at which the BLER requirement needs to be met depends on the deployment in which the URLLC service is operated

Observation 2: 
DL control reliability can be achieved by several means including 
· improved UE/gNB hardware capabilities (e.g. more receive/transmit antennas); 
· implementation specific approaches (interference management, beamforming)
· suitable design choices for NR-PDCCH (e.g. smaller DCI payload size, larger aggregation levels)

Considering the above observations, we propose the following 
Proposal:
· To meet the reliability requirements, RAN1 should investigate approaches that consider a suitable trade-off between UE/gNB hardware capability, UE/gNB implementation related enhancements and performance of NR DL control channels.
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Annex A – Detailed simulation results and assumptions

[image: ]
Figure A-1: PDCCH performance with compact DCI and AL1-AL32, distributed CCE, TDLB-300 ns 3kmh, 2 UE Rx antennas
[image: ]
Figure A-2: PDCCH performance with compact DCI and AL1-AL32, distributed CCE, TDLB-300 ns 3kmh, 4 UE Rx antennas
[bookmark: _Ref477421090]Table A-1: Link level simulation parameters
	Parameter
	Value

	Carrier Frequency
	4 GHz

	Control Resource Set Bandwidth
	40 MHz

	Sub-carrier Spacing
	15 kHz

	DCI Payload Size
	15,20,30 bits and 19 CRC bits

	Modulation
	QPSK

	Channel Coding
	Polar code with CRC-aided list-8 decoder; 19bit CRC

	Aggregation Level
	1, 2, 4, 8, 16, 32

	CCE size
	6 REGs or 72 subcarriers with 2 REG per bundle

	Number of OFDM symbols for NR-PDCCH
	1

	Channel Model
	TDL-B, Delay spread 300 ns, UE spread 3 km/h

	gNB antenna configuration
	2Tx, 2 Rx

	UE antenna configuration
	1Tx, 2Rx/4Rx

	Channel Estimation
	Practical with MRC

	Noise Estimation
	Ideal

	Transmission Diversity Scheme
	1-port Precoder Cycling

	Resource mapping
	Distributed transmission
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