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Introduction

In RAN1#104b-e, it was agreed to choose one of the following alternatives for defining the multi-slot PDCCH monitoring capability:
· Alt 1: Use a fixed pattern of slot groups as the baseline to define the new capability. 
· Each slot group consists of X slots
· Slot groups are consecutive and non-overlapping
· The capability indicates the BD/CCE budget within Y consecutive [symbols or slots] in each slot group separately
· FFS: Supported values/constraints of X and Y, e.g. Y<=X, Y=X
· FFS: Restrictions on location of the Y [symbols or slots] within a slot group, e.g. the Y [symbols or slots] always start at the first slot within a slot group
· FFS: Further definition of capabilities
· Alt 2: Use an (X, Y) span as the baseline to define the new capability
· X is the minimum time separation between the start of two consecutive spans
· The capability indicates the BD/CCE budget within a span of at most Y consecutive [symbols or slots] 
· Y <= X
· FFS: Exact values of X and Y and units in which they are defined (e.g., symbols, slots), including cases where a span is longer than one slot or crosses a slot boundary. 
· FFS: What is a span pattern, how it is defined and whether it is supported. If it is supported, whether number of slots within which the span pattern is repeated is needed, and if needed, the value of the number of slots. 
· FFS: Further definition of capabilities
· Alt 3: Use a sliding window of X slots as the baseline to define the new capability. 
· The capability indicates the BD/CCE budget within the sliding window
·  The sliding unit of the sliding window is [1] slot.
· FFS: Further definition of capabilities
· Specific numbers for X, Y may depend on UE capability and gNB configuration
· Examples: 
· X = [4] slots for 480 kHz SCS and X = [8] slots for 960 kHz SCS
In RAN1#106-e, there was consensus on various proposals including:
· A UE supporting 480 kHz SCS supports multi-slot PDCCH monitoring for 480 kHz SCS.
· A UE supporting 960 kHz SCS supports multi-slot PDCCH monitoring for 960 kHz SCS.

· For reporting the multi-slot PDCCH monitoring capability, at least the following values are supported:
· X=4 slots for SCS 480 kHz
· X=8 slots for SCS 960 kHz
· Considering Y to 1<=Y<=X/2 (both in units of slot) when X>1.

· For each SCS 480 kHz and 960 kHz, the minimum configurable multi-slot PDCCH monitoring periodicity is the smallest value X that a UE supports when reporting its PDCCH monitoring capabilities for the corresponding SCS.

However, there is still no consensus on an alternative for defining the multi-slot PDCCH monitoring capability. In this contribution, we provide our views on these alternatives.
Comparison 

We initially supported Alternative 3 as our first choice since it provides scheduling flexibility and guarantees that for any X consecutive slots the BD/CCE budget does not exceed UE implementation capability.   However, only few companies supported Alternative 3 which makes Alternative 1 and 2 as the main candidates for further discussion. 
Observation 1:  Since Alt.3 is only supported by few companies, the main comparison can be made between Alt.1 and Alt.2.

Based on companies’ comments, Alt.2 and two versions of Alt.1 with either fixed or flexible locations of Y-slots are three main candidates for defining the multi-slot PDCCH monitoring capability. These three candidates need to be compared in critical features which are listed in the table below.

	
	Handling initial access CSSs
	Multi-cell BD/CCE calculation
	Avoiding Back-to-back monitoring
	Scheduling flexibility
	Simple BD/CCE dropping
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· Handling initial access CSS: In initial access, slot-based beam sweeping is used in CSSs. Fixing Y slots in Alt.1 implies that the beams can only be received in fixed locations. Having fixed location for the Y-slots limits the reception of initial access CSSs (i.e., Type0/0A/1(without dedicated RRC config)/2-CSS) which can be problematic.  However, letting the Y-slots have flexible location can resolve this issue. Alt.2 can also handle initial access CSSs since the location of possible monitoring occasions can be flexible. 

· Handling CA: Multi-cell BD/CCE calculation is an essential component to CA which is one of the main challenges for Alt. 2. Although Rel-16 already handles the non-aligned span BD/CCE calculation, it is not clear that those rules can be easily extended to Alt.2. On the other hand, Alt.1 with both fixed and flexible Y are straightforward options for multi-cell BD/CCE calculation due to fixed pattern of X. 
· Avoiding Back-to-back monitoring: Alt.1 can easily avoid the possibility of back-to-back monitoring with the location of Y-slots being fixed, however, assuming flexible location for Y-slots might cause back-to-back monitoring. For example, if a SS is scheduled at the end of X-slot intervals and another SS is scheduled at the beginning of X-slot intervals, then this back-to-back monitoring might exceed UE capability. This issue can be resolved by introducing extra constraints on minimum separation between Y-slots across consecutive slot groups. Introduction of extra constraints, however, can complicate the CCE/BD dropping process. 
· Scheduling flexibility: The configurable search space periodicity in Alt.1 (with either fixed or flexible Y-slots) is limited to a multiple of X slots. However, in some use cases, search space periodicity of kX+1, kX+2,…,(k+1)X-1 (k=1,2,…) [slots] might be required which is not achievable with Alt.1. On the other hand, Alt.2 provides further flexibility with more options for search space periodicity. 
· Simple BD/CCE dropping: Alt-1 with fixed Y-slots provides the simplest BD/CCE dropping procedure since X and Y are fixed. Alt-2 and also Alt.1 with flexible Y-slots adds further complexity to BD/CCE dropping procedure. Particularly, for multi-cell scenarios, the additional complexity can be more significant.

Alt.2 with flexible location of Y-slots can solve the issues related to initial access, however, it adds additional problems such as back-to-back monitoring and BD/CCE dropping. 

Observation 2:  Alt.1 with flexible location for Y-slots cannot solve all the issues of the Alt.1. The flexibility in location of Y-slots can also create new sets of problems.  

The main issue with Alt.1 with fixed location of Y-slots is handling initial access CSSs. Possible solutions except having flexible Y-slots include considering exception for initial access CSS, i.e., Type0/0A/1(without dedicated RRC config)/2-CSS monitoring is not constrained to be only within the Y slots, modifying the CSSs. 

The main issue with Alt.2 is Multi-cell BD/CCE calculation and extending calculation rule of Rel-16 for span monitoring to multi-slot monitoring might be challenging. 

Obviously, the mentioned issues should be addressed before reaching a consensus among companies. We think Alt.1 with fixed location of Y-slots is marginally preferable at this point since few solutions are provided by various companies to solve its main issue, i.e., initial access CSSs. On the other hand, regarding Alt.2, the challenges of Multi-cell BD/CCE calculation has not been evaluated. In addition, having smaller values of X can alleviate the issues of Alt.1, which is supported by majority of companies. 

Observation 3:  Alt.1 with fixed location for Y-slots is marginally preferable at this point since few solutions are provided by various companies to solve its main issue, i.e., initial access CSSs. 
Observation 4:  Having smaller values of X, which is supported by majority of companies, can reduce the issues of Alt.1
Observation 5: The main drawbacks of Alt.2 are challenges in BD/CCE dropping and Multi-cell BD/CCE calculation. Alt.2 can be accepted if the added complexity due to these challenges is manageable. 
Conclusions
In this contribution, our views on PDCCH monitoring are provided, along with the following observations.

Observation 1:  Since Alt.3 is only supported by few companies, the main comparison can be made between Alt.1 and Alt.2.
Observation 2:  Alt.1 with flexible location for Y-slots cannot solve all the issues of the Alt.1. The flexibility in location of Y-slots can also create new sets of problems.  
Observation 3:  Alt.1 with fixed location for Y-slots is marginally preferable at this point since few solutions are provided by various companies to solve its main issue, i.e., initial access CSSs. 
Observation 4:  Having smaller values of X, which is supported by majority of companies, can reduce the issues of Alt.1
Observation 5: The main drawbacks of Alt.2 are challenges in BD/CCE dropping and Multi-cell BD/CCE calculation. Alt.2 can be accepted if the added complexity due to these challenges is manageable. 
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