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Discussion and decision
1 Introduction
From RAN#78, there were agreements for support URLLC enhancements in [1].  
	· Proposed scope in RAN1:

· 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) 


This contribution discusses needs of PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space for a given carrier. 
2 
Discussions 
To get high reliability of PDCCH for URLLC, Rel. 15 NR specification supports high aggregation level (AL) of 16 and DCI format 0_0 and 1_0. Before discussing PDCCH repetitions, it is important to check the fulfilment of the reliability target. According to the section 7.1.5 of [2], there is a guidance to evaluate reliability requirement via SLS and LLS as followings. 
	7.1.5
Reliability

The evaluator shall perform the following steps in order to evaluate the reliability requirement using system-level simulation followed by link-level simulations.

Step 1: 
Run downlink or uplink full buffer system-level simulations of candidate RITs/SRITs using the evaluation parameters of Urban Macro-URLLC test environment see § 8.4.1 below, and collect overall statistics for downlink or uplink SINR values, and construct CDF over these values.

Step 2:
Use the CDF for the Urban Macro-URLLC test environment to save the respective 5th percentile downlink or uplink SINR value.

Step 3:
Run corresponding link-level simulations for either NLOS or LOS channel conditions using the associated parameters in the Table 8-3 of this Report, to obtain success probability, which equals to (1-Pe), where Pe is the residual packet error ratio within maximum delay time as a function of SINR taking into account retransmission.

Step 4:
The proposal fulfils the reliability requirement if at the 5th percentile downlink or uplink SINR value of Step 2 and within the required delay, the success probability derived in Step 3 is larger than or equal to the required success probability. It is sufficient to fulfil the requirement in either downlink or uplink, using either NLOS or LOS channel conditions.


Basically, it needs to firstly check 5th percentile downlink SINR value in case of Urban Macro-URLLC via SLS, and then whether the value of reliability satisfies or not at the SINR value given PDCCH environments (ALs, DCI size and so on) via LLS. However, it is difficult to see the SINR value in case of Urban Macro-URLLC because there were no available and official preliminary results through 5G (IMT-2020) self-evaluation campaigns. Instead, Figure A.2.2-1 of [3] shows downlink wideband SINR results in case of LTE-A. From the results, 5%-SINR is about -4dB ~ -3dB in case of UMa which is a little different with UMa-URLLC. Moreover, 5%-SINR of Urban Macro-URLLC is about -2dB ~ -3dB from IMT-2020 channel model calibration campaign even though all of results are still not entirely reliable. Therefore, 10-5 of reliability should be checked at the SINR range of -4dB ~ -2dB. 
In our company’s contribution [4], it was shown how much PDCCH can achieve reliability in case of aggregation levels (ALs) and DCI payload size. In the case that DCI size has 30 bits, it was shown that 10-5 of reliability is approximately at -2 dB and -4 dB in case of AL 8 and AL 16, respectively.  From the result, if a new DCI format for URLLC has similar size with LTE very compact DCI aiming for paging and system information, it is sufficient to use high aggregation level  of 16 without introducing new additional features like as PDCCH repetition for achieving reliability requirements. 
Regarding PDCCH repetition, there are a lot of disadvantages. The first thing is that it will increase latency which is very important factor for URLLC service. The second thing is that it makes complex UE behaviour due to blind combining on time related repeated search spaces in addition to blind decoding on given search space. 
Proposal 1: No need to consider any PDCCH repetition schemes as current specification is sufficient to support reliability requirements with very compact DCI that can be used as PDSCH/PUSCH scheduling for URLLC. 
3 Conclusions
In this contribution, PDCCH repetition issue was discussed. Based on discussion, following proposals are summarized as below.

Proposal 1: No need to consider any PDCCH repetition schemes as current specification is sufficient to support reliability requirements with very compact DCI that can be used as PDSCH/PUSCH scheduling for URLLC. 
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