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1	Introduction
In this contribution, we provide further views on possible restriction to the potentially increased PDCCH monitoring capability in terms of limits per monitoring span for the maximum numbers of blind decodes and non-overlapping CCEs for channel estimation. 
[bookmark: _Ref178064866]2	Discussion
In RAN1 #96 [1] at the end of eURLLC SI, the following agreements on PDCCH enhancement were made.
Agreements:
Support increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for Rel-16 NR URLLC for at least one SCS subject to the following restrictions:
· Explicit limitation on the maximum number of BDs/non-overlapping CCEs per monitoring occasion and/or per monitoring span, and
· The set of applicable SCS(s) to be finalized during the WI phase
· Additional restrictions (e.g., impact # of CCs if any, potential limitations on PDSCH/PUSCH processing, impact of wideband RS for CCE counting if any, etc.) can be considered during the WI phase 
Agreements:
· Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) for Rel-16 NR URLLC can be further considered in work item phase.

We propose in [2], [3] that PDCCH monitoring capability on the maximum number of non-overlapped CCEs per slot for channel estimation and the maximum number of blind decodes per slot should be increased for all SCS values. The proposed limit values are doubled compared to those of the Rel-15 limits. 
In addition to the increased limits per slot for PDCCH monitoring capability, it can be reasonable to also introduce some restriction in terms of limits per monitoring span in connection with the UE capability signaling discussion on PDCCH monitoring span. This restriction would help to keep UE complexity at a reasonable level by distributing the BD/CCE limit throughout a slot even if the limit per slot is increased. 
[bookmark: _Toc7772703]The increased limit per slot alone for PDCCH monitoring capability can lead to high UE complexity if the whole BD/CCE budget is used for only a few PDCCH monitoring occasions. 

2.1 Limits per monitoring span
Rather than specifying fixed limits per monitoring span, it is proposed to determine the BD/CCE limit per monitoring span based on the (increased) limits per slot and number of monitoring spans in a slot. For example, as a baseline, the BD/CCE limit per monitoring span can be derived as . 
Consider CORESET and search space configurations in Fig. 1 with UE reported monitoring capability {(4,3),(7,3)} as an example. Assume the SCS=15 kHz. Let the increased CCE limit per slot be 56*2=112 (i.e., twice the CCE limit defined for SCS=15 kHz in Rel-15). Given the monitoring occasions specified by the CORESET and search space configurations, gNB and UE are aware that there are two monitoring spans in a slot. Thus, , i.e., the UE is expected to perform channel estimation over a maximum of 56 non-overlapping CCEs within each of the two monitoring spans in a slot. 

[image: ]
Figure 1. A monitoring span example, when the UE signals capability of {(4,3),(7,3)}.

In another example, consider CORESET and search space configurations in Fig. 2 with UE reported monitoring capability {(2,2),(4,3),(7,3)}. In this case, there are five monitoring spans in each slot however some monitoring spans in some slots do not contain any monitoring occasions, e.g., monitoring spans #2 and #4 in slot j, or monitoring spans #2, #4, and #5 in slot j+1. Since a UE does not perform PDCCH monitoring in an empty monitoring span, the derivation of limit per monitoring span should take into account only non-empty monitoring spans, i.e., we have   . For 15 kHz SCS with the increased limit of 112 non-overlapping CCEs per slot, the CCE limit for slot j illustrated is . That is, for slot j, the UE is expected to perform channel estimation over a maximum of 37 non-overlapping CCEs within each of the three non-empty monitoring spans in a slot. Similarly, the CCE limit per monitoring span for slot j+1 illustrated is .
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Figure 2. A monitoring span example, when the UE signals capability of {(2,2),(4,3),(7,3)}.

When accounting for non-empty monitoring span only, the maximum number of non-overlapping CCEs or blind decodes for a given monitoring span can become too high. Thus, the BD/CCE limit per monitoring span can be further limited by some predefined maximum value. 
Based on the above discussions, we have the following proposals for the limits per monitoring span for the maximum number of non-overlapping CCEs and blind decodes:

[bookmark: _Toc7772701]In addition to the increased limit for PDCCH monitoring capability for Rel-16 UE, introduce limits per monitoring spans for the maximum number of non-overlapping CCEs for channel estimation and maximum number of PDCCH blind decodes. 
[bookmark: _Toc7772702]Determine the limits per monitoring spans for the maximum number of non-overlapping CCEs and blind decodes as a function of the limits per slot and number of non-empty monitoring spans in a slot.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The increased limit per slot alone for PDCCH monitoring capability can lead to high UE complexity if the whole BD/CCE budget is used for only a few PDCCH monitoring occasions.

Based on the discussion in the previous sections we propose the following:
Proposal 1	In addition to the increased limit for PDCCH monitoring capability for Rel-16 UE, introduce limits per monitoring spans for the maximum number of non-overlapping CCEs for channel estimation and maximum number of PDCCH blind decodes.
Proposal 2	Determine the limits per monitoring spans for the maximum number of non-overlapping CCEs and blind decodes as a function of the limits per slot and number of non-empty monitoring spans in a slot.
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