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1. Introduction
Considering ultra-reliability aspects of overall DL transmission and UL transmission, it would be more important to enhance reliability of NR-PDCCH compared to NR-PDSCH or NR-PUSCH. To be specific, if retransmission is assumed to be used for ultra-reliability requirements, PDSCH or PUSCH decoding can be performed after combining coded bits from initial transmission and its retransmission. In this case, BLER requirements of a single PDSCH or PUSCH transmission could be relaxed. Instead, since UE may need to detect both NR-PDCCH scheduling initial transmission and its retransmission, BLER requirement for NR-PDCCH needs to be small enough. Depending on the BLER requirement and feasibility in terms of detection performance, it can be considered to carefully investigate whether compact DCI format is introduced or PDCCH repetition is introduced or both approaches are introduced. 
Observation: Considering BLER requirement and feasibility of enhancement scheme, it is necessary to carefully investigate whether NR support compact DCI format or PDCCH repetition or both schemes. 
In this contribution, we provide our views on ultra-reliability aspects on NR-PDCCH design. Especially, we focus on how to support PDCCH repetition. 

2. Higher aggregation level and PDCCH repetition
2.1. Frequency domain resource enlargement
To lower the code rate of DCI for ultra-reliability requirements, it may need to investigate how to increase the number of allocated resources for PDCCH transmission. In this case, following approaches can be considered: 
· Option 1: A PDCCH candidate is mapped on a single CORESET supporting higher maximum aggregation level. 
· Option 2: A PDCCH candidate can be associated with multiple PDCCH candidates on the same or different CORESET supporting low to moderate maximum aggregation level. 
In case of Option 1, CORESET may need to be allocated with wide range of frequency resources and/or a number of time-domain resources to have sufficiently large number of CCEs to support higher aggregation level. This approach would be beneficial in terms of specification work since mapping rule for REG-to-CCE and CCE-to-PDCCH could be the same regardless of a set of aggregation levels to be used for PDCCH. Meanwhile, it is necessary to investigate the impact on blocking among PDCCH candidates. 
In Option 2, each component CORESET to make a PDCCH with higher aggregation level does not need to have excessive number of time-and-frequency resources. Instead, it is necessary to design how to map a PDCCH candidate by combining multiple PDCCH candidates mapped on the same or different CORESET. For simplicity, it can be considered that a PDCCH candidate with higher aggregation level is constructed by combining multiple set of PDCCH candidates mapped on different CORESETs. For instance, for a certain aggregation level (e.g. 8), PDCCH candidate #m in a CORESET and PDCCH candidate #m in another CORESET could be combined to make a PDCCH candidate with higher aggregation level (e.g. 16). This approach would be efficient in the perspective of network resource management especially when the network supports multiple UEs with different target aggregation levels. For instance, eMBB UEs need to support up to aggregation level of 8 while URLLC UEs need to support up to aggregation level of 16. Furthermore, depending on the number of supported UEs, the network can have multiple CORESETs. In this case, rather than additionally configuring at least one CORESET with maximum aggregation level of 16, network can support aggregation level of 16 by using two CORESET with maximum aggregation level of 8 which can be used to support eMBB UEs. Furthermore, to achieve diversity gain, a UE can be configured with CORESETs in different carrier or bandwidth part or TRP to support PDCCH with higher aggregation level. For instance, for URLLC, it would be inefficient to perform beam selection procedure due to the latency requirement and relatively small payload size. Instead, it can be considered that PDCCH transmission for URLLC is associated with multiple beams for diversity gain. In this case, PDCCH for URLLC can be transmitted over multiple CORESET with different beam information. Moreover, by constructing higher AL with combined lower AL candidates, nested structure between two ALs are achieved without increasing channel estimation complexity. It is important in URLLC with limited channel complexity budget where higher ALs are monitored generally.
For both cases, it is necessary to investigate how to perform BD handling for PDCCH monitoring. For simplicity, PDCCH candidates to be monitored could be updated depending on the supporting aggregation level set. In this case, the number of PDCCH candidates for lower aggregation level could be reduced. Alternatively, it can be considered that the same DCI is repeatedly transmitted multiple PDCCH candidates mapped on the same or different CORESETs. 
Proposal 1: To increase the number of allocated resources for PDCCH transmission in frequency domain, a single PDCCH candidate can be constructed by combining multiple PDCCH candidates mapped on the same or different CORESET. 

2.2. Time domain resource enlargement
In case of PDCCH repetition over multiple monitoring occasions, it is necessary to investigate when the scheduled PDSCH or PUSCH will be transmitted considering latency requirement and UE complexity in terms of UE buffering. To be specific, UE would know how to perform channel estimation and decoding of PDSCH or PUSCH after UE successfully decode the corresponding PDCCH. In that point of view, it can be considered to transmit PDSCH or PUSCH after the end of PDCCH repetition. However, in this case, the latency requirement would not be met. Alternatively, at least PDSCH transmission can be overlapped with the corresponding PDCCH transmission in time-domain. In case of PUSCH transmission, it seems infeasible that PUSCH is transmitted earlier than the end of the corresponding PDCCH transmission. In case of PDSCH, UE may need to buffer the received DL signals for a certain duration of time including all the monitoring occasions where the corresponding PDCCHs are transmitted. 
In those points of views, rather than PDCCH repetition over multiple monitoring occasions, it can be considered that UE keeps trying decoding until at least one PDCCH is successfully decoded for a TB. To be specific, gNB will transmit multiple PDCCH on multiple monitoring occasions, and each PDCCH schedules PDSCH or PUSCH independently. In other words, these PDCCHs do not need to have the same DCI contents, but they schedules the same TB desirably over the same resource. In this case, these multiple PDCCH for the same TB will have the same value of HARQ process number, NDI, and DAI (if provided). In this case, it is expected that UE opportunistically success to decode PDCCH and PDSCH/PUSCH, and the successful rate will increase as the number of PDCCH and PDSCH/PUSCH transmissions increases. As the UE is not expecting to receive retransmission or new data with the same HARQ process before HARQ-ACK transmission in the current spec, when redundant PDCCHs are received at the UE, redundant PDCCHs will be ignored by a UE. In this sense, as long as PDCCH repetition occurs before HARQ-ACK transmission, the UE will process only one PDSCH/PUSCH and corresponding HARQ-ACK. In other words, PDCCH repetition can be achieved without any specification impact if combining over repetition is not assumed. Whether combined PDCCH repetition is required needs further study.  
Proposal 2: NR supports the case where multiple PDCCHs schedule the same PDSCH or PUSCH. 
· FFS whether additional specification impact presents
· Each PDCCH can carry different DCI content to schedule the same TB on the same resources. 
· A UE ignores PDCCH(s) scheduling the same HARQ process to the recently received PDCCH before corresponding PUSCH or HARQ-ACK has been transmitted. 

3. Conclusion
In this contribution, we discuss ultra-reliability aspects on NR-PDCCH design. Our proposals are as follows:
Observation: Considering BLER requirement and feasibility of enhancement scheme, it is necessary to carefully investigate whether NR support compact DCI format or PDCCH repetition or both schemes. 
Proposal 1: To increase the number of allocated resources for PDCCH transmission in frequency domain, a single PDCCH candidate can be constructed by combining multiple PDCCH candidates mapped on the same or different CORESET. 
Proposal 2: NR supports the case where multiple PDCCHs schedule the same PDSCH or PUSCH. 
· FFS whether additional specification impact presents
· Each PDCCH can carry different DCI content to schedule the same TB on the same resources. 
· A UE ignores PDCCH(s) scheduling the same HARQ process to the recently received PDCCH before corresponding PUSCH or HARQ-ACK has been transmitted. 
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