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1. Introduction
According to URLLC requirements described in [1], the design targets for URLLC are as follows:
· 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 NR AH#1 meeting, following agreements were reached about NR-PDCCH reliability requirements [2]: 
	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 


In this contribution, we discuss the high reliability aspects for URLLC related DL control channel, including the potential ultra-reliability design for URLLC PDCCH. This contribution is resubmitted from R1-1715634
2. Discussion
2.1. Requirement of high reliability of DL control
A URLLC packet transmission is required to achieve 99.999% reliability within the user plane latency bound. It was agreed that the target BLER of a compact DCI for URLLC should be lower than Y%, where Y is not decided yet. The target BLER of URLLC PDCCH should be determined considering the requirement of URLLC. For example, the probability of error case for control and data transmission can be expressed as follows:
Prpacket = Prcontrol  +  (1 - Prcontrol) * Prdata <= 10-5
Assuming a one-shot transmission case, according to the above expression, the error probability of DL control should be less than 10-5. Note that for retransmission case, the requirement of DL control can be relaxed while UL control error needs to be considered.
2.2. Considerations of high reliability of DL control

· Compact DCI
It was agreed that a compact DCI format is defined for URLLC. In LTE, a compact DCI, i.e. DCI format 1C is used for the special purposes, e.g. random-access response, paging, and transmission of system information, etc. DCI format 1C consists of relatively small amount of information bits for these applications. In result, the payload size of DCI format 1C is smaller than other DCI formats, which is beneficial for coverage and efficient transmission. As a starting point of compact DCI format design for URLLC, LTE based DCI format 1C can be considered.
Compared to the normal DCI format, some considerations for compact DCI format are described as follows.
· Reduced information bits for MCS/TBS field
· Reduced RA field bits by increasing RA granularity

· If limited HARQ process number is considered for URLLC, the bits for HARQ process number can also be reduced
· Further discuss how to determine CRC length for compact DCI considering the target requirement and false alarm
· For URLLC scheduling, flexible scheduling timing similarly to eMBB may not be necessary due to the latency requirement. Thus, fixed minimum scheduling timing for URLLC can be considered.

· CBG related information is not necessary since URLLC packet size is typically small.

· If HARQ-ACK is supported for the corresponding PDSCH transmission, the resources of PUCCH carry HARQ-ACK are implicitly indicated by PDCCH

· PDCCH repetition

Repetition transmission of PDCCH for URLLC can be considered to improve the reliability. For single QCL case, PDCCH can be repeatedly transmitted in multiple candidates within a single CORESET or in multiple CORESETs. For multiple QCLI case, if multiple TRPs are available, PDCCH can be transmitted from multi-path for reliability improvement. Multi-beam can also be considered for PDCCH transmission. 

Further study on whether and how to support PDCCH repetition is needed, including how to determine the PDCCH repetition transmissions, how to monitor the repeated PDCCH transmissions, and how to control restrict the blind decoding number required for repetition transmission of PDCCH. 
· High Aggregation Level (AL)
It has been agreed in NR AH#1 thatThe CCE aggregation level can bes = 1, 2, 4, or 8 for LTE PDCCH.are supported for NR-PDCCH. To increase the reliability of DL control transmission, very low coding rate can be considered. Therefore, there is a need to consider even higher CCE aggregation levels > 8, for example, (e.g.16 or 32, similar to LTE EPDCCH,) in order to improve DL control channel. Power boosting for PDCCH
Considering the requirement of URLLC PDDCH, it is beneficial for gNB to bias the transmit power of URLLC PDCCH. For example, power boosting for URLLC PDCCH can be considered.
Observation:
· To improve the reliability of URLLC PDCCH, further studies on following aspects can be considered

· Compact DCI format with reduced payload
· PDCCH repetition for single/multiple QCL(s)

· Higher aggregation level

· Power boosting for PDCCH
3. Conclusion
In this document, we discuss aspects of ultra-reliability design for URLLC PDCCH with the following observation. 
Observation:
· To improve the reliability of URLLC PDCCH, further studies on following aspects can be considered

· Compact DCI format with reduced payload

· PDCCH repetition for single/multiple QCL(s)

· Higher aggregation level

· Power boosting for PDCCH
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