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1 Introduction
For NR, three usage scenarios have been mainly considered; eMBB (enhanced Mobile Broadband), mMTC (massive Machine Type Communications) and URLLC (Ultra-Reliable and Low Latency Communications). Regarding URLLC, the following are main design targets.
· Reliability: A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for X bytes (e.g., 20 bytes) with a user plane latency of 1ms.
· Latency: For URLLC the target for user plane latency should be 0.5ms for UL and 0.5ms for DL.
In RAN1 ad-hoc NR#1, DL control channel design of URLLC was discussed and the following was agreed [1]:
Agreements:
· Blocking probability of DL control channel should be taken into account in NR-PDCCH design

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 
This contribution considers design aspects for the DL control channel for URLLC to satisfy the respective reliability requirements of URLLC considering the above agreements.
2 DL Control Channel Design Aspects
2.1  Aggregation level
As shown in Fig. 1, an aggregation level of 16 NR-CCEs can achieve BLER of 10-5 when SNR is around [image: image2.png]


 dB. The aggregation level of 16 NR-CCEs also shows about 2 dB SNR gain compared to the aggregation level of 8 (there is ~1 dB loss due to worse channel estimation at lower SINR). The detailed parameters of Fig. 1 are provided in Table 1 of the Appendix. 
Appropriate NR-CCE aggregation levels to achieve low BLERs need to be considered in conjunction with the DCI format size (the DCI format size may be less that the 30 bits assumed for the LLS) and after determining the channel that results to coverage limitation (e.g. PDSCH/PUSCH can have similar target BLER as PDCCH while conveying larger payload sizes making them the coverage limiting channels). The above can result to smaller requirements for the NR-CCE aggregation levels. Nevertheless, for robust operation in achieving low BLER targets, the NR PDCCH design should consider support of NR-CCE aggregation levels larger than 8 NR-CCEs. In general, a gNB can configure a UE the NR-CCE aggregation levels and the number of PDCCH candidates per aggregation level for the UE to monitor [3].
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Figure 1
 LLS evaluation results for NR-PDCCH regarding different aggregation levels
Proposal 1
Support at least 16 NR-CCE aggregation levels for the PDCCH design in NR. 
2.2  Compact DCI
Compact DCI is important to facilitate reliable DL control channel transmission such as for URLLC or for fall-back operation. As shown in Fig. 1 and in [2], a DCI size of 30 bits on a PDCCH transmitted with 16 NR-CCE aggregation level can satisfy the reliability requirement of URLLC at relatively low SINRs near the 5% or below of typical geometry CDFs. Two approaches can be considered for a compact DCI. 
A first approach is to individually reduce the size of DCI components (such as RB allocation, HARQ process and MCS). This approach can be possible due to URLLC characteristics requiring lower coding rate/modulation level as well as limited HARQ processes. Therefore, the range of MCS (TBS), and HARQ process number fields for URLLC can be smaller than those for eMBB, thereby requiring a smaller number of bits to represent. 
A second approach is to jointly indicate a certain value of RB allocation, HARQ process number and MCS. This can be useful to exploit redundancies when each DCI component does not fully utilize an allocated number of bits. Fig. 2 provides a comparison between individual indication and joint indication for fields of a DCI format. 
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Figure 2
 Examples of two indication methods for URLLC DCI.
Proposal 2
The range and coding of parameters such as PRB allocation, MCS, and HARQ process numbers could be designed individually or jointly for a compact DCI format. 
In addition of things mentioned above, power boosting and other diversity based transmission schemes can be considered for URLLC control transmission. Also, the number of available NR-CCEs, the aggregation level and the search space design have to be considered jointly to reduce blocking probability of DL control channel.
3 Conclusions
This contribution considered design aspects for PDCCH transmissions in order to improve reception reliability and proposed the following. 
Proposal 1
Support at least 16 NR-CCE aggregation levels for the PDCCH design in NR.
Proposal 2
The range and coding of parameters such as PRB allocation, MCS, and HARQ process numbers could be designed individually or jointly for a compact DCI format.
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4 Appendix
Table 1 
Parameters for LLS evaluation
	Parameters
	Values

	DCI size
	30 bits

	Channel codes
	TBCC

	Pilot overhead
	1/3

	Tx antenna configuration
	2 Tx (SFBC)

	Rx antenna configuration
	2 Rx (MRC)

	Channel estimation
	MMSE

	Channel model
	CDL-C 
(RMS DS 300ns)

	Aggregation levels
	8, 16

	Size of 1 CCE
	5 PRB

	Resource mapping
	Distributed
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