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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 this meeting. 
[bookmark: _Hlk485323842]NR DL control channel design is currently ongoing in RAN1. In a companion contribution [3], we discuss high level design aspects that need to be considered for supporting ultra-reliability requirements. In this document, we provide complementary performance evaluations focusing on NR-PDCCH design choices on small DCI payload size and higher aggregation levels.
In previous RAN1 meetings, there exist agreements related to reliability aspect of PDCCH for URLLC as shown below.
Agreements:
To ensure the reliability requirement of NR-PDCCH for URLLC, at least the following aspects should be supported
· Defining a compact DCI format  targeting low BLER operation 
· The highest aggregation level should target a BLER of Y for this compact DCI format
· FFS  Y, Y<1% 
· FFS highest  aggregation levels, e.g., 16,32
· FFS other enhancements 
Agreements:
Blocking probability of DL control channel should be taken into account in NR-PDCCH design
[bookmark: _Ref178064866]Discussion
As mentioned in [3], the reliability target in TR38.913 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. 
Since there is no explicit target for individual L1 channels (e.g. PDCCH, PUCCH), individual channels should be reliable enough such that overall reliability for transmission of the packet is achieved. That is, PDCCH BLER should be less than 10-5 for a single transmission case while the requirement can be more relaxed for the case with retransmissions. 
As discussed in our companion contribution [3], high PDCCH reliability can be supported by NR PDCCH design choices, e.g.,
· Distributed CCE mapping
· CORESET spanning multiple OFDM symbols
· Smaller DCI payload size 
· Higher aggregation levels 

In this contribution, we provide some evaluation results for NR PDCCH reliability focusing on the uses of small DCI payload sizes and higher aggregation levels. We note that it is also important to investigate approaches that provide a pragmatic trade-off between 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.).  
Performance Evaluation
Performance evaluations are done based on the following assumptions on NR PDCCH structure. 
· 1 OFDM symbol CORESET
· CCE of 6 REGs consisting of 6x12 sub-carriers
· X=2 contiguous REGs in a CCE
· DMRS density of Rd= 25% 
	Simulation assumptions are provided in the appendix. 

Based on above assumptions, the required numbers of PRBs for different ALs are shown in Table 1. The corresponding code rates for different combinations of payload sizes (including CRC) and AL for QPSK, taking into account DMRS overhead, are provided in Table 2.

Table 1: Required numbers of PRBs for different ALs.
	AL1
	AL2
	AL4
	AL8
	AL16
	AL32

	6
	12
	24
	48
	96
	192




Table 2: Effective code rate for different combinations of payload sizes and AL
	Payload size (bits) / AL
	AL1
	AL2
	AL4
	AL8
	AL16
	AL32

	15
	0.3148
	0.1574
	0.0787
	0.0394
	0.0197
	0.0098

	20
	0.3611
	0.1806
	0.0903
	0.0451
	0.0226
	0.0113

	30
	0.4537
	0.2269
	0.1134
	0.0567
	0.0284
	0.0142



As seen from Table 2, the use of higher aggregation levels and smaller DCI payload sizes result in lower effective code rates and thus improved BLER performances. The use of high aggregation level however requires large amount of resources.
Below we show simulation results for BLER performance of PDCCH for two different channel models, namely TDL B-300ns@3km/h and TDL A-30ns@3km/h, for different payload sizes and aggregation levels with 2 and 4 UE receive antennas. With distributed transmission, the clusters of contiguous REGs are equally distributed in the frequency domain within the control resource set.
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Figure 1: PDCCH BLER based on TDL B-300ns channel model@3 km/h, nRx =2
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Figure 2: PDCCH BLER based on TDL B-300ns channel model@3 km/h, nRx =4
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Figure 3: PDCCH BLER based on TDL A-30ns channel model@3 km/h, nRx =2
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Figure 4: PDCCH BLER based on TDL A-30ns channel model@3 km/h, nRx =4

From Figures 1-4 we see that in general using compact DCI with small payload size provides gain in terms of BLER performance especially for the low aggregation level cases. The gain becomes less significant at the very high AL, e.g., AL16,32. In general, increasing AL improves the BLER performance as the effective code rate becomes lower. A relatively large improvement is expected when increasing from a very small AL to a higher one, due to an additional frequency diversity gain. Otherwise, a repetition gain is expected. 
[bookmark: _Toc485371495][bookmark: _Toc485371499]We see that increasing the number of UE receive antennas can also provide diversity gain without resorting to using very high AL. It is important that NR PDDCH design strives for a good trade-off between the reliability improvement, system performance impact, hardware capability and implementation complexity. 
Conclusion
In this contribution, we provide some performance evaluations focusing on NR-PDCCH design choices such as distributed transmission, small DCI payload size, and higher aggregation levels, and make the following observations.
Observation 1	Compact DCI with small payload size provides some gain in terms of BLER performance.
Observation 2	Increasing AL improves the BLER performance. 
Observation 3	Increasing a number of UE receive antennas provides performance improvement, especially at the very low BLER.
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Appendix
[bookmark: _Ref477421090]Table 3: 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
TDL-A, Delay spread 30 ns, UE speed 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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