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Introduction
In the previous RAN1 meeting, to define multi-slot PDCCH monitoring capability, the following three alternatives have been identified: 
	Agreement:
Choose one of the following alternatives for defining the multi-slot PDCCH monitoring capability
· Alt 1: A fixed pattern of N slots. 
· Alt 2: Use the Rel-16 capability (pdcch-Monitoring-r16, (X, Y) span) as the baseline to define the new capability
· FFS: Values of X and Y and units in which they are defined 
· FFS: Whether number of slots within which the number of monitoring occasions is counted is needed and if needed, the value of the number of slots
· Alt 3: A sliding window of N slots for defining multi-slot PDCCH monitoring capability. 
· FFS: Increments in which sliding occurs
· Specific numbers for X, Y and N may depend on UE capability and gNB configuration
· Examples: 
· N = [4] slots for 480 kHz SCS and N = [8] slots for 960 kHz SCS
· X = [4] slots for 480 kHz SCS and X = [8] slots for 960 kHz SCS



   
Further discussion on these alternatives have been carried out [1], and after considering all comments from the companies the Feature Lead suggested the following proposal for more detailed description of the alternatives (see [1]), which may serve a starting point for discussion in this meeting. 
	Modified Feature Lead Proposal A1-5:
Proposed modification of agreement:
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
· 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: Capability definition within a slot if Y is in the unit of slots
· 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. 
· 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: Capability definition within a slot
· Specific numbers for X, Y may depend on UE capability and gNB configuration




In this document, we provide our views on these alternatives. 
Discussion
Alt 1
As captured by Feature Lead Proposal A1-5 (see previous section), the intention of Alt 1 is to use a fixed pattern of slot groups as the baseline to define the multi-slot PDCCH monitoring capability. The slot group consists of a fixed number of slots (denoted as X), and the slot groups are consecutive and non-overlapping. The BD/CCE budget is indicated within Y consecutive symbols or slots in each slot group as UE capability. The merit of this method is the simplicity, compared to other alternatives. But as analyzed below, more details need to be figured out before going for Alt 1.
Regarding the first FFS point of the relation between Y and X, we think the case of Y<X should be allowed, meaning that UE is allowed to monitor only part of the slots/symbols within the group of X slots. This is important for reducing the UE PDCCH monitoring burden. 
If the case Y<X is allowed, the follow-up question would be whether there is a restriction on location of Y within X (i.e. second FFS of Alt 1). In our view, there should be such a restriction. Otherwise, the back-to-back monitoring demand can happen between the boundary of slot groups, as mentioned by [2]. The following figure is taken from [2] where X=4 and Y=1, without restriction of the location of Y. As shown in this example, gNB may configure all BD/CCE budget in Slot A and Slot B respective in two slot groups. However, such back-to-back monitoring is obviously more demanding compared to the case where Y has fixed location and therefore are well separated across different slot groups (e.g. always located at the beginning of X).   


Figure 1. Back-to-back monitoring across different slot groups [2]
On the other hand, if Y is fixed within X, the pattern of slot groups might need to be aligned with the TDD DL/UL slot patterns, if semi-static configured DL/UL slot patterns are supported in above 52.6GHz. Otherwise, the position of Y might end up with overlapping with UL slots, which makes the potential BD/CCE budget useless. 
We see that such dilemma comes from the nature of Alt 1 relying on a fixed pattern. Therefore, Alt 1 is not preferable. 
Alt 2
Alt 2 has more flexibility compared to Alt 1. The idea is to generalize the Rel-16 PDCCH monitoring capability defined by a span (X,Y) within a slot to a multi-slot span. Here X is the minimum time separation between the start of two consecutive spans, and Y is the maximum duration of a span. This method provides UE a tool to reduce the PDCCH monitoring effort, e.g. by indicating a X value that is larger than Y. Furthermore, unlike the Alt 1 relying on a fixed pattern, the span defined by (X,Y) can be flexibly located in time, Therefore, Alt 2 is more favorable. 
In the previous meeting, the main concern for Alt 2 was that it might impose scheduling limitation from network side in order to align CSS for different UEs but at the same time to confine USS within the spans of duration Y. The following Figure 2 illustrates such difficulty.   



[bookmark: _GoBack]Figure 2. Illustration of aligning CSS for different UEs
As shown in Figure 2, network has to configure USS for UE1 within the same symbols as CSS because UE1 indicates (X=4 slots or 56 symbols, Y=3 symbols) assuming CSS has 3 symbols, and for UE2, USS can be located in other symbols than the symbols containing CSS, because the span duration for UE2 is Y=14 symbols. In both cases, it is not possible to make use of, e.g. slots #1, #2, #3 for load balancing.
Regarding the above issue, we acknowledge the potential limitation shown in Figure 2, but we think it is just the tradeoff between UE’s accessibility and complexity (or power efficiency). If UE has indicated low capability of PDCCH monitoring (e.g. due to power saving or complexity constraint) such as UE1, it is natural to assume that UE does not have low latency requirement. Then it would be acceptable for the UE to miss some scheduling opportunity in the congestion case. On the other hand, if UE indicates Y=X, network can freely allocate USS without constraints. For such UE, the PDCCH monitoring effort is higher but the scheduling delay would be reduced. Overall, Alt 2 provides sufficiently flexible framework to meet different UE capabilities and therefore can be supported. 
On further details of unit of Y, a simpler approach is to define Y in the unit of symbols, in the sense that UE is required to monitor only one span within the window X. If Y is defined in the unit of slots, it could happen that within duration of Y there are multiple spans of consecutive symbols, which further complicates the capability definition. On the other hand, for the unit of X, it would be acceptable either in slots or in symbols. 
Alt 3
Alt 3 uses a sliding window of X slots to define the capability. The sliding unit of the sliding window is [1] slot. For this method, it is unclear whether the sliding unit is also a parameter for capability indication or not. If not, iIt does not provide a way for UE to indicate the reduced PDCCH monitoring capability. In other words, it mandate that UE has to prepare to monitor every slot of X. We see that it is intended to maximize the flexibility from the network side, but the benefit of defining multi-slot span for reducing UE PDCCH monitoring effort is gone. On the other hand, if sliding unit is also indicated as capability, the low capability UE can indicate the sliding unit larger than X to ensure a gap between two consecutive monitoring windows. In such case, it would be more preferable to have sliding unit in terms of symbols. Therefore, Alt 3 needs further clarification. 
Based on the above analysis, we have the following proposal
Proposal 1: Select Alt 2 for defining the multi-slot PDCCH monitoring capability. 


Conclusion
In this paper, we have analyzed the three alternatives for defining multi-slot span monitoring capability. We propose the following:
Proposal 1: Select Alt 2 for defining the multi-slot PDCCH monitoring capability. 
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