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1 Introduction
In RAN1 #98 meeting, the following agreements have been made related to the increased PDCCH monitoring capability, and the final decision between option 1 and option 2 has not been made in RAN1 #98b meeting:
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
Furthermore, how to handle the configuration from the new DCI has not been discussed much yet.
In this contribution, we provide our views on PDCCH monitoring enhancements and possible enhancements based on URLLC scheduling.
2 Discussion
2.1 Enhance PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot
In RAN1 #98 meeting, enhanced PDCCH monitoring capability for CCE limits was agreed. Hence, with additional DCI formats of different sizes for URLLC application in mind, the increased number of BDs should also be required for a UE that supports eMBB and URLLC services simultaneously.  
Proposal 1 [bookmark: _Toc1054045][bookmark: _Toc4685924][bookmark: _Hlk861241]Increase the maximum number of BDs per slot for a UE requiring both eMBB and URLLC services.  
In addition, two options for Rel-16 NR URLLC were identified in last meeting. For option 1, UE monitors PDCCH for eMBB following reported Rel-15 capability, and monitors PDCCH for URLLC following reported Rel-16 capability. It is not clear how the option can be used to support both eMBB and URLLC in the same slot.
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 the 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. In Figure 1, PDCCH monitoring candidates mostly distribute on the first three symbols, then the limits of the maximum number of BDs/CCEs in first three symbols should be different than the limits of BDs/CCEs in other PDCCH monitoring occasions or sub-slot.
If Rel-15 CCE limit is directly used for PDCCH for eMBB, and Rel-16 CCE limit is directly used for PDCCH for URLLC in the same slot, the combined CCE limit in the front of a slot may be very large. Thus, defining the maximum number of BDs/CCEs based on per span lowers the burden on UE processing capability and fits the scheduling need for Rel-16 UE better.
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[bookmark: _Hlk861261]Figure 1. Asymmetric distribution of PDCCH monitoring within a slot
Alternatively, considering the CCE processing power may be uniform across a certain duration, it may be necessary to restrict the UE capability for PDSCH processing or PUSCH preparation scheduled by the DCI in PDCCH for eMBB to UE capability 1. In this way, UE can process the CCEs of PDCCH for eMBB with longer duration after processing of CCEs of PDCCH for URLLC, without exceeding the UE processing power.
Proposal 2	UE capability is restricted to capability 1 for PDSCH or PUSCH scheduled by DCI in PDCCH for eMBB if both Rel-15 capability and Rel-16 capability are applied in a slot.

For option1, another way to lower the required UE processing capability for the number of CCEs is to define a new Rel-16 per slot CCE limit greater than the per span limit times the number of spans, but lower than the Rel-15 C limit plus the per span limit times the number of spans. Assuming C(2, 2), C(4, 3) and C(7, 3) are 16, 36 and 56, respectively, then the per slot limit C should be defined to be larger than max(7*16, 3*36, 2*56)=112. On the other hand, it should be equal or lower than the 112+56=168.
It is not preferable to directly apply Rel-15 capability to PDCCH for eMBB and Rel-16 capability to PDCCH for URLLC. Since the number of CCEs configured for USS for URLLC may be lower than the reported Rel-16 capability, the processing power may be wasted if no interaction between the two capabilities.
One way to allow the processing power sharing is through the above mentioned Rel-16 per slot limit. For this method, span definition depends on all search spaces. CCE allocation is prioritized for USS for URLLC. 
The rule for applying CCE counting to PDCCH for eMBB and PDCCH for URLLC in the same slot can be the following:
First, the CCE limit for CSS and USS for eMBB (denoted as C_eMBB) is set to the new per slot limit subtracted by the per span limit times the number of spans (To prioritize USS for URLLC).
Then, CCE counting starts from the first span. In each span, CCEs in USS for URLLC are first counted toward the per span C limit, and if the per span C limit is reached, the remaining USS for URLLC in the span is dropped. After CCE counting of USS for URLLC in a span, CCE counting of CSS and USS for eMBB is started in the span. CCEs in CSS and USS for URLLC are counted toward C_eMBB. If C_eMBB is not reached in a slot, C_eMBB is set to the number of remaining number of CCE budget. If C_eMBB is reached in a span, remaining CSS and USS for eMBB is dropped.
In case the per span C limit in a span are not all allocated to USS for URLLC, the remaining number of CCE budget can be allocated to CSS and USS for eMBB in the span.
Proposal 3	If option 1 is adopted, CCE budget for USS for URLLC can be shared with CSS and USS for eMBB.

For option 2, for covering both CSS and USS under Rel-16 capability, search space dropping may very likely occur in (2, 2) span pattern. To avoid search space dropping, switching between the Rel-15 capability and Rel-16 capability can be done by explicit signalling or implicit condition. For example, Rel-15 capability is used in a slot with CSS. However, search space dropping may still happen if the slot contains both CSS and USS. Therefore, capability switching can be done in half-slot unit. For example, Rel-15 capability is applied to the half-slot with CSS, and the Rel-16 capability is applied to the half-slot without CSS.
Proposal 4	If option 2 is adopted, either explicit or implicit condition for switching among Rel-15 and Rel-16 capability is supported.
Enhance DCI size budget and DCI size alignment 
In Rel-15, a UE expects to monitor PDCCH candidates for up to 4 sizes of DCI formats that include up to 3 sizes of DCI formats with CRC scrambled by C-RNTI per serving cell. In other words, the ‘3+1’ DCI size budget is applied to the UE.  In Rel-16, for supporting different service types, configure both new DCI format (i.e., DCI format 0-2/1-2) and existing DCI format (i.e., DCI format 0-0/1-0/0-1/1-1) to the UE leads to the increased diversity of DCI size, hence the enhanced DCI size budget is needed accordingly. In terms of keeping scheduling flexibility, enhance DCI size budget to ‘4+1’ would be beneficial. However, increased DCI size budget places a burden on UE’s decoding complexity. To strike a balance between flexibility and complexity, dynamically configure different DCI size budget (i.e., ‘3+1’ or ‘4+1’) based on UE capability would be helpful.  
Proposal 5	If DCI size budget is enhanced to ‘4+1’, it would be beneficial to configure DCI size budget (‘3+1’ or ‘4+1’) based on UE capability.
In addition, DCI size alignment procedure should be revised accordingly. For now, it is still unclear how to align the size of new DCI with that of existing DCI to fulfil the DCI size budget. Basically, like DCI size alignment between DCI format 0-0 and DCI format 1-0, it is simpler to apply the same rule to the UL new DCI and DL new DCI. Then, the number of DCI sizes monitored by the UE is summarized in Table 1.  In the table, we assume that the size of DCI 0-0/1-0 with CRC scrambled by C-RNTI configured in UE-SS is equal to that of DCI 0-0/1-0 with CRC scrambled by C-RNTI monitored in CSS.   
Table 1: monitored DCI sizes per serving cell
	
	non-C-RNTI (size 1)
	C-RNTI (size 2)
	C-RNTI (size 3)
	C-RNTI (size 4)
	C-RNTI (size 5)

	DCI format 0-0
	Monitored in CSS 
Apply initial UL BWP
	Monitored in UE-SS or CSS
Apply initial UL BWP
	
	
	

	DCI format 0-1
	
	
	Monitored in UE-SS 
Apply active UL BWP
	
	

	DCI format 0-2
(UL new DCI)
	
	
	
	
	Monitored in UE-SS 
Apply active UL BWP

	DCI format 1-0
	Monitored in CSS
Apply size of CORESET 0 or initial DL BWP
	Monitored in UE-SS or CSS 
Apply size of CORESET 0 or initial DL BWP
	
	
	

	DCI format 1-1
	
	
	
	Monitored in UE-SS 
Apply active DL BWP
	

	DCI format 1-2
(DL new DCI)
	
	
	
	
	Monitored in UE-SS 
Apply active DL BWP


Proposal 6	It would be simpler to apply the same DCI size alignment rule for DCI 0-0 and 1-0 to the new DCI format.
3 Conclusions
In this contribution, we discussed the necessity of enhancing the limit of the number of BDs, defining a maximum number of BDs/CCEs on different time granularity basis and configuring more than one PDCCH monitoring configurations with explicit or implicit signalling for URLLC in Rel-16. Based on the discussion in section 2, we have some proposals as follows:
[bookmark: _Toc4685928]Proposal 1	Increase the maximum number of BDs per slot for a UE requiring both eMBB and URLLC services.  
[bookmark: _Toc4685929]Proposal 2	UE capability is restricted to capability 1 for PDSCH or PUSCH scheduled by DCI in PDCCH for eMBB if both Rel-15 capability and Rel-16 capability are applied in a slot. 
[bookmark: _Toc4685930]Proposal 3	If option 1 is adopted, CCE budget for USS for URLLC can be shared with CSS and USS for eMBB.
[bookmark: _Toc4685931]Proposal 4	If option 2 is adopted, either explicit or implicit condition for switching among Rel-15 and Rel-16 capability is supported.
Proposal 5	If DCI size budget is enhanced to ‘4+1’, it would be beneficial to configure DCI size budget (‘3+1’ or ‘4+1’) based on UE capability.
Proposal 6	It would be simpler to apply the same DCI size alignment rule for DCI 0-0 and 1-0 to the new DCI format.
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