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Discussion
One of the objectives of the URLLC WID (RP-191584) is specification of PDCCH enhancements including “Increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for at least one SCS subject to restrictions including, but not necessary limited to, those identified in TR 38.824. Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) can be further considered.”
This contribution follows up with some of the agreements made in the last RAN1 meeting. In addition, the contribution discusses scheduling delay reduction in case of overlap of a PDCCH monitoring occasion with an UL transmission. This contribution is a revision of R1-1909148.
PDCCH monitoring details
In the last meeting, the following was agreed:
Agreements:
For a Rel-16 UE supporting enhanced PDCCH monitoring capability, down-select between option 1 and option 2: 
· Option 1: PDCCH monitoring based on Rel-15 capability for eMBB and PDCCH monitoring based on Rel-16 capability for URLLC can be configured to a UE on the same carrier
· UE monitors PDCCH for eMBB following reported Rel-15 capability, and monitors PDCCH for URLLC following reported Rel-16 capability 
· For Rel-16 PDCCH monitoring capability, the limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same across different spans within a slot. Each span for Rel-16 PDCCH only cover USS for URLLC (FFS for CSS)
· Option 2: PDCCH monitoring for both eMBB and URLLC can be configured based on either Rel-15 capability or Rel-16 capability
·   gNB configures which capability is used 
· For Rel-16 PDCCH monitoring capability,
· The limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same across different spans within a slot, each span can cover CSS and/or USS  
· Note: the value C is to be separately discussed
In our view, in option 1, PDCCHs scheduling different traffic types need to be distinguished prior to PDCCH processing (e.g., via different CORESETs), and different processing units needed to process different PDCCHs with different monitoring capabilities. Option 1 may need further discussion in case URLLC and eMBB CORESETs overlap or in case the UE does not have different processing units to process different PDCCHs. On the other hand in option 2, the number of non-overlapped CCEs is defined per monitoring span for Rel-16 capability which could impact eMBB scheduling especially considering CSS. In our view, further discussion is needed to conclude this issue.    
PDCCH monitoring occasion overlap with an UL transmission
PDCCH monitoring occasions are higher layer configured through search space and CORESET configurations. In Rel-15, if an UL transmission overlaps with a PDCCH monitoring occasion, the UE would not monitor PDCCH in the PDCCH monitoring occasion:
Excerpt from TS 38.213:
If a UE is configured by higher layers to receive a PDCCH, or a PDSCH, or a CSI-RS in a set of symbols of a slot, the UE receives the PDCCH, the PDSCH, or the CSI-RS if the UE does not detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 that indicates to the UE to transmit a PUSCH, a PUCCH, a PRACH, or a SRS in at least one symbol of the set of symbols of the slot; otherwise, the UE does not receive the PDCCH, or the PDSCH, or the CSI-RS in the set of symbols of the slot.

Observation: In cases that an UL transmission overlaps with URLLC search spaces and their associated CORESETs, the corresponding PDCCH monitoring occasion(s) is wasted as the UE would not monitor PDCCH candidates there. Such wastage may lead to 
(a) additional latency in scheduling URLLC traffic depending on how frequent the PDCCH monitoring occasions are ; or
(b) lower reliability for URLLC operation as some of the CCEs in a slot are not usable
In order to reduce the scheduling delay in such an overlapped case, the UE can monitor an alternative search space as shown in the example of figure below.
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Figure 1: an example of monitoring 2 search spaces (SS) in half a slot (1st SS and 2nd SS) [top figure]; Using Rel-15 behavior, 2nd SS is not monitored in case of collision with UL transmission [middle figure]; Upon collision of 2nd SS with UL transmission, an alternative SS is monitored instead of the 2nd SS [bottom figure].  

Proposal: Solutions to reduce scheduling delay in case of overlap of a PDCCH monitoring occasion with an UL transmission should be discussed, and specified if needed.
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