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1 Introduction
In RAN1 AH1901 meeting, the following aspects related to the limit of the number of BDs/CCEs were discussed without consensus, and were concluded to be further studied:
· What is the maximum number of PDCCH monitoring occasions needed for URLLC per slot?
· Whether only the limit of the number of CCEs needs to be enhanced, or both the limit of the number of CCEs and BDs need to be enhanced?   
· Whether and what condition needed for supporting increasing the limit of the number of CCEs/BDs? 
· Note: this may or may not have spec impact
· Whether and how to define the UE capability for the enhanced PDCCH monitoring capability?
· Impact of SCS?
In this contribution, we provide our views on PDCCH monitoring enhancements for URLLC.
2 Discussion
2.1 Enhance the limit of the number of CCEs/BDs
In Rel-15, the maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot for Case 2 (which can provide more flexibility to schedule non-slot-based transmission) are the same as for Case 1-1 (which is basically for scheduling slot-based transmission). However, to ensure a more stringent latency requirement and guarantee the high reliability of PDCCH reception for URLLC, it is necessary to configure multiple monitoring occasions within a slot for 15kHz and 30kHz. Taking alignment delay and processing time into account, the required time for completing the first transmission or transmission with one HARQ retransmission within 1ms is hard to achieve for 15kHz and 30kHz unless configuring more frequent PDCCH monitoring occasion within a slot, e.g. 2-symbol PDCCH monitoring occasion. Based on the discussion in RAN1 AH#1901, the potential number of PDCCH monitoring occasions needed for URLLC per slot can be 3 or 7. To ensure lower latency, the preferable maximum number of PDCCH monitoring occasions needed for URLLC per slot is 7 for 15kHz and 30 kHz SCS. 
Proposal 1 [bookmark: _Toc1054044]The maximum number of PDCCH monitoring occasions needed for URLLC per slot is 7 for 15kHz and 30kHz SCS.
To support more frequent monitoring occasions within a slot while providing reliable enough PDCCH reception, the maximum number of CCEs per slot should be revisited. Furthermore, with additional DCI formats of different sizes for URLLC application in mind, increased number of BDs should be required for a UE that supports eMBB and URLLC services simultaneously.  
Proposal 2 [bookmark: _Toc1054045][bookmark: _Hlk861241]The limit of the number of BDs and CCEs per slot should both be enhanced when a UE requires both eMBB and URLLC services.  
Since multiple PDCCH monitoring occasions within a slot can be configured for Case 2, imposing the limit on the number of BDs/CCEs in the unit of slot may not appropriately reflect the exact distribution of PDCCH monitoring. For example, while considering scheduling of both eMBB and URLLC for a UE, this may lead to asymmetric distribution of PDCCH monitoring occasions within a slot. Thus, the maximum number of BDs/CCEs shall be defined on per sub-slot or per monitoring occasion basis.
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Figure 1. Asymmetric distribution of PDCCH monitoring within a slot
Proposal 3 [bookmark: _Toc1054046][bookmark: _Hlk861261]The maximum number of BDs/CCEs shall be defined in the unit of sub-slot or monitoring occasion for Rel-16 UE. 
2.2 UE capability for the enhanced PDCCH monitoring capability 
[bookmark: _Hlk1037241]Due to different limit of the number of BDs/CCEs for supporting different services in each slot, more than one PDCCH configuration can be adaptively configured corresponding to different UE traffic. More specifically, we suggest each configuration can be configured with different monitoring occasion, different maximum number of BDs/CCEs, and different monitored DCI formats. Also, it could be further studied to use either explicit or implicit signaling to support the activation/deactivation among multiple PDCCH configurations. With multiple PDCCH configurations and activation/de-activation mechanism, it not only can configure PDCCH monitoring in a more flexible way but can also provide more flexibility to compromise between power consumption and UE complexity due to increased number of BDs/CCEs.
[bookmark: _Toc1054047]A UE can be configured with more than one PDCCH monitoring configurations.
3 Conclusions
In this contribution, we discussed the necessity of enhancing the limit of the number of BDs/CCEs and configuring more than one PDCCH monitoring configurations for URLLC. Based on the discussion in section 2, we have some proposals as follows:
Proposal 1	The maximum number of PDCCH monitoring occasions needed for URLLC per slot is 7 for 15kHz and 30kHz SCS.
Proposal 2	The limit of the number of BDs and CCEs per slot should both be enhanced when a UE requires both eMBB and URLLC services.
Proposal 3	The maximum number of BDs/CCEs shall be defined in the unit of sub-slot or monitoring occasion for Rel-16 UE.
Proposal 4	A UE can be configured with more than one PDCCH monitoring configurations.
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