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1. Introduction
In RAN#78, following research scope for URLLC in RAN1 is approved [1]:
	· Specify, CQI table and MCS table design targeting high reliability
· Based on the following identified need from RAN1 (RAN1 #90bis)
· Agreement:
· N separate CQI table(s) are supported for URLLC
· Downselect the value of N between 1 or 2
· Two target BLER are supported for URLLC
· Note: RRC signalling is used by gNB to select one of the two target BLER
· Note: The configuration of target BLER or CQI table is part of CSI report setting
· Study and specify if gains are identified
· Define a new DCI format(s) that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data
· For a given carrier, PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space
· Handle UL multiplexing of transmission with different reliability requirements (including the potential need for UL UE pre-emption) 



In this contribution, we first discuss the reliability requirement for URLLC DL control channel, then we study the necessity of the PDCCH repetitions by checking the required SNR to achieve the target BER. 
2. Reliability requirement for URLLC DL control channel
The requirement for URLLC is defined in [2]. For reliability, the target is 99.999% with a User Plane latency of 1ms with the packet size of 32 bytes; for latency, the target is 0.5ms for both DL and UL end-to-end transmission. The reliability requirement should be met at the 5% SINR CDF. The 5% CDF of SINR in a system has been evaluated in LTE HRLLC work item, and RAN1 reached the following agreements.
	Agreements:
The following Q-values (5th percentile SINR) is adopted for URLLC for LTE:

	
	Q [dB]

	DL SINR
	-2.6

	PUSCH
	TBD

	Subframe-PUCCH
	-4.1

	Slot-PUCCH
	-2.8

	Subslot-PUCCH
	-1.7





Figure 1 shows the DL SINR CDF in companies’ evaluations. 

Fig.1.	DL SINR CDF evaluation results.

Assuming one-shot dynamic scheduling of a PDSCH, the overall requirement is Pc + (1Pc)*Pd =< 10-5, where Pc and Pd denote the miss-detection probability of PDCCH and BLER of the data, respectively. For example, the requirement can be met with Pc = 0.5*10-5 and Pd = 0.5*10-5, or when Pc = 0.2*10-5 and Pd = 0.8*10-5, etc. Note that sufficient length of CRC is needed so that sufficiently low false-alarm probability (e.g., 0.01*10-5) is ensured. 
For the scheduling PDCCH, there are some ways to improve the performance: e.g., (1) accumulating more energy, (2) lowering coding rate, and/or (3) further diversity. In this contribution, we focus on PDCCH repetition.

3. Possible ways of PDCCH repetitions
Multiple options for PDCCH repetitions can be considered:
· Opt. 1: PDCCH is repeated within a CORESET using the same AL
· This is almost equivalent to double the aggregation level.
· Opt. 2: PDCCH is repeated within a CORESET using different ALs
· This is almost equivalent to enable new aggregation levels. For example, if a PDCCH is transmitted using AL=4 and AL=8, it is equivalent to transmit a PDCCH using AL=12.
· Opt. 3: PDCCH is repeated across CORESETs using the same AL
· Different CORESETs can be configured with different CCE-to-REG mapping, different resource size, and/or different beams (QCLs). Therefore, extra benefits/gains can be expected compared to Opt.1.
· Opt. 4: PDCCH is repeated across CORESETs using different ALs
· Extra benefit compared to Opt.3 is to enable new aggregation levels.

From UE point of view, there are also multiple options for UE blind decodes. Without any consideration, Opt.b may occur. If it is found that the Opt.b is harmful for some aspects, we should consider Opt.a.
· Opt. a: UE knows how PDCCH is repeated.
· Before, during, or after the PDCCH processing, the UE knows how the detected PDCCH is repeated.
· In this case, misunderstanding on assigned resources for a PDCCH b/w gNB and UE does not occur.
· Opt. b: UE does not know how PDCCH is repeated.
· The UE may successfully decode a PDCCH using part/sub-set of the repetitions, and even after the decoding, the UE does not know the exact repetitions of the PDCCH.
· In this case, misunderstanding of PDCCH repetition between gNB and UE remains.

Proposal 1:
· Various ways of PDCCH repetitions should be considered.
· Whether a PDCCH can be repeated across CORESETs?
· Whether a PDCCH can be repeated using different aggregation levels?
· Once the PDCCH repetitions is identified as necessary feature, then UE behavior should be considered.
· Whether a UE needs to know exactly transmitted PDCCH?
· If yes, how to ensure this?

4. Performance evaluation for PDCCH repetitions
4.1. Evaluation assumptions
Here, we provide preliminarily performance evaluation results of a PDCCH repetition across different CORESETs (i.e., Opt.3 and Opt.4 in section 3). The evaluation cases are defined as following and Fig. 1. As the DCI payload, 40 bits or 24 bits with 24-bit CRC is assumed. Detailed simulation assumptions are provided in appendix.
· Case 1: PDCCH with AL=4 or 8 is repeated across two CORESETs with the same configuration 
· Case 1-1: the two CORESETs are located in the same OFDM symbol
· Case 1-2: the two CORESETs are located in different OFDM symbols
· Reference Case: PDCCH with AL=8 or 16 is transmitted within a CORESET with 1-symbol duration
· Case 2: PDCCH is repeated using AL=4+8 across two CORESETs with the same configuration 
· Case 2-1: the two CORESETs are located in the same OFDM symbol
· Case 2-2: the two CORESETs are located in different OFDM symbols
· Reference Case: PDCCH with AL=8 or 16 is transmitted within a CORESET with 1-symbol duration
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Fig.1 illustration of the simulation cases

4.2. Evaluation results
Average BLER performances of PDCCH as a function of received SNR are plotted in Fig. 2. 
[image: ] [image: ]
Fig. 2.	Average BLER as a function of received SNR.

Observation 1:
· PDCCH repetition across multiple CORESETs offers similar performance as higher AL.
· AL=2x offers slightly better performance than repetition of AL=x when AL is relatively small.
· Further evaluation is necessary taking into account:
· Different CORESETs can be associated with different beams/QCLs.
· Different CORESETs can be configured with different REG mapping, REG-bundle size, etc.

5. Conclusion
In this contribution, we discussed and evaluated PDCCH repetitions. Following are observation and proposal.
Observation 1:
· PDCCH repetition across multiple CORESETs offers similar performance as higher AL.
· AL=2x offers slightly better performance than repetition of AL=x when AL is relatively small.
· Further evaluation is necessary taking into account:
· Different CORESETs can be associated with different beams/QCLs.
· Different CORESETs can be configured with different REG mapping, REG-bundle size, etc.
Proposal 1:
· Various ways of PDCCH repetitions should be considered.
· Whether a PDCCH can be repeated across CORESETs?
· Whether a PDCCH can be repeated using different aggregation levels?
· Once the PDCCH repetitions is identified as necessary feature, then UE behavior should be considered.
· Whether a UE needs to know exactly transmitted PDCCH?
· If yes, how to ensure this?
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Appendix
Table 3: Link level simulation assumptions
	Parameter
	Value

	Carrier Frequency
	4 GHz

	Sub-carrier Spacing
	15 kHz (30kHz)

	Modulation
	QPSK

	Channel Coding
	Polar code

	Aggregation Level
	1, 2, 4, 8, 16

	Control Resource Set (CORESET) configuration
	Time-domain duration
	1  OFDM symbol

	
	CORESET Bandwidth
	40 MHz

	
	CCE-to-REG mapping
	Interleaved (Interleaver row: 6)

	
	REG-bundle size
	6

	
	Precoder granularity
	REG-bundle

	
	Resource mapping
	Distributed transmission

	Transmission Diversity Scheme
	1-port Precoder Cycling

	DMRS density
	1/4; symbol #1, #5, #9 within each REG

	Channel Model
	TDL-C(1st priority) , TDL-B(2ed), Delay spread 300 ns, UE spread 3 km/h

	gNB antenna configuration
	2Tx

	UE antenna configuration
	4Rx

	Channel Estimation
	MMSE

	Noise Estimation
	Ideal
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