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Introduction
In RAN1#104bis-e, to define multi-slot PDCCH monitoring capability for NR operation in the frequency range between 52.6GHz to 71GHz, the following refinement of the alternatives has been agreed:
	Agreement:
Previous agreement is modifed as follows:
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, it has been agreed to revise Alt 1 further as follows:
	Agreement:
Revise prior agreement including modifications to Alt. 1 as follows:
· 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 slots in each slot group separately
· The location of the Y slots within the X slots is maintained across different slot groups
· Further discuss down-selection of Y within 1<=Y<=X/2 (both in units of slot) when X>1
· FFS: Restrictions on location of the Y slots within a slot group, e.g. the Y slots always start at the first slot within a slot group
· FFS: Further definition of capabilities
· FFS: The following issues for the search space configuration discussion
· Whether a slot group is aligned with a slot boundary
· Restrictions on location of the Y slots within a slot group, e.g. whether to restrict the location of a SS to be within the first Y slots within a slot group
· FFS: What the UE capability defines for monitoring within the Y slots




In this paper, we present our views on the multi-slot PDCCH monitoring capability design. 

Multi-slot PDCCH monitoring capability 
Definition of multi-slot PDCCH monitoring capability
The multi-slot PDCCH monitoring capability needs to have the balance of two requirements, i.e. the scheduling flexibility for gNB and UE complexity/power consumption reduction for UE. From gNB perspective, the maximum number of BD/CCE per monitoring occasion (MO) in 480 and 960 kHz SCS should be similar to the case of 120 kHz SCS to achieve the similar scheduling flexibility per MO. From UE perspective, multi-slot PDCCH monitoring capability should provide mechanisms to relieve UE monitoring burden and reduce UE power consumption.
To address the above-mentioned requirements, one important design point is to define minimum separation in time between two consecutive spans of MOs. A span, per Rel-16 definition, is a number of consecutive symbols in a slot where the UE is configured to monitor PDCCH. A span starts at a first symbol where a PDCCH MO starts and ends at a last symbol where a PDCCH MO ends. The same definition of span can be used in above 52.6 GHz operation for consistency. 
The minimum separation can be readily achieved by Alt 2 with the restriction that Y contains one single span. Considering the fact that one MO has duration up to 3 symbols if legacy CORESET length is reused in above 52.6GHz operation, the duration of a span can be limited to a few symbols as well. Then X in Alt 2 becomes the minimum time separation between the start of two consecutive spans. In terms of the units for defining X and Y, Y should be defined in unit of symbols to allow UE to restrict its monitoring within a few symbols. On the other hand, X can be defined in unit of slots because the separation is expected to be as large as multiple slots. Examples could be (X=4 slots, Y=3 symbols) for 480kHz, and (X=8 slots, Y=3 symbols) for 960kHz. Alternatively, X may be defined in unit of symbols as well. Since in Alt 2, Y is always counted from the start of X, defining X in symbols provide the flexibility to locate MO in other symbols than the first symbol of a slot. However, it is unclear whether such flexibility is needed for above 52.6GHz operation considering the fact that slot length is very short for high SCSs.    
Proposal 1: For defining multi-slot PDCCH monitoring capability, select Alt 2 with X in slots and Y in symbols and Y containing one short span (up to a few symbols).

On the other hand, considering the fact that Alt 1 was preferred by majority companies [1], we are open to further discuss Alt 1. 
As shown in the section 1, some decisions have been made on refining Alt 1 in the previous meeting, e.g. Y will be defined in unit of slot with the range of 1<=Y<=X/2. There was also intensive discussion in the previous meeting on whether to fix the location of Y within X. The motivation of having fixed location of Y is to avoid back-to-back monitoring issue which has been acknowledged by companies. But the “fixed location of Y” can be understood in two different ways. The first interpretation is that the location of Y is defined by SFN (similar to the definition of X-slot groups), e.g. the Y slots as the first X slots within the X-slot pattern. The second interpretation is from each UE perspective that the location of Y within X is maintained across different slot groups, but it is not necessarily aligned among different UEs. 
The first interpretation (same location of Y for all UEs), although enjoying its simplicity, would have issue for UE to monitor beam-swept CSS. Considering the fact that different UE might monitor different TDMed-beam for CSS, the same location of Y could end up with certain CSS outside Y. To solve this issue, some company suggested that UE is required to monitor broadcast CSS (e.g. Type0/0A/1(without dedicated RRC config)/2-CSS) even if it is located outside Y. From our opinion, such behavior would basically increase the UE complexity and compromise target of defining multi-slot monitoring. So we don't think it is good idea to introduce such exceptional rule for certain type of CSS.
The second interpretation (different UE has different location of Y), on the other hand, would not need exceptional rule for CSS. However, since different UE can have different location of Y, it introduces extra complexity for network side to keep tracking of location of Y for every UE for scheduling.  
In order to balance the scheduling flexibility and complexity, we propose that the location of Y is determined by the CSS MOs that UE is configured to monitor. Then it is possible to align the location of Y for a group of UEs monitoring the same CSS MOs, if not all the UEs. 
After the location of Y is determined based on the CSS MOs, USS MOs can be further included in Y from USS with lower to higher indices. In an ideal case, the location of Y can be chosen to cover all CSS MOs and USS MOs that are configured to the UE. In other words, it implies that gNB by configuration makes sure that all CSS/USS MOs can fall into Y. However, in reality, this may not be always possible, or not an efficient operation even if possible. For example, considering the TDMed-beam transmission of CSS, UE may need to monitor a different slot for CSS when UE’s serving beam is changed. However, for USS, gNB can simply change the serving beam without changing the MO location since USS MO is unicast to the UE. In this case, it can happen that USS MO becomes far away from the CSS MO of the new serving beam such that Y cannot include both CSS and USS MOs anymore. Therefore, the configuration of USS MOs should not be restricted to Y slots. If a certain USS MO cannot be included in Y, it would be dropped after the location of Y is determined. 
The following Fig.1 illustrates one example. As shown, in the first slot group (UE is served by yellow beam), the location of Y is the first slot, covering USS1 MO and CSS MO of the yellow beam. UE is not required to monitor USS2 MO because it is outside Y. When UE moves from the coverage of yellow beam to green beam in the second slot group, the corresponding CSS MO location is also changed. Consequently, the location of Y changes as well, to cover the second slot in the second slot group. As a result, USS1 MO is dropped, and USS2 MO will be monitored by the UE.  





Fig.1 Determination of the location of Y


Proposal 2: For Alt 1, UE determines the location of Y based on the following rule: 
· Location of Y should first include all CSS MOs that UE is configured to monitor, then USS MOs can be further included in Y from USS with lower to higher indices. Certain USS MO would be dropped if it cannot be included in Y.


Further capability definition within Y
If the Proposal 1that Y contains one single short span for Alt 2 is agreed by RAN1, there is no need for further capability definition discussion within Y. On the other hand, for Alt 1, it has been agreed that Y has range from 1 slot up to X/2 slots. It is our understanding that the underlined assumption is that some symbols of Y may not belong to any span, meaning that UE is not required to monitor every symbol of Y. As a result, it is to be discussed the further capability definition within Y at least for Alt 1. From our point of view, the discussion points include the maximum allowed duration of a MO span and maximum number of allowed MO spans. It also should discuss the minimum time separation between two consecutive MO spans to order to avoid local PDCCH processing overloading issue.  
Proposal 3: For Alt 1, further discuss capability definition within Y in terms of duration of span, number of spans, and minimum separation between two consecutive spans.

Dropping rules for multi-slot capability
In Rel-15/16, gNB is allowed to configure UE with UE-specific search spaces (USS) exceeding the BD/CCE limits that UE is capable of processing, which is referred to as overbooking. When allocating PDCCH candidates for monitoring, the USS with higher set index can be dropped in order to respect the UE capability. The overbooking with dropping rules facilitate gNB to use UE capability to its maximum. Otherwise, the configuration of MOs would be restricted to the worst case, resulting in resource under-utilization for typical cases. 
The existing dropping rules for overbooking are applicable for individual slot or individual span within one slot. In the context of multi-slot monitoring capability, there is a need to extend the dropping rules for overbooking to across-slots or across-spans. However, the design would depend on whether Alt 1 or Alt 2 is selected for the multi-slot capability definition, and how further capability is defined for Y slots within X. Therefore, the details of enhancement can be further discussed when the multi-slot capability definition as discussed in previous two sections is finalized.
Proposal 4: Dropping rules for overbooking need to be extended to across-slots or across-spans for multi-slot monitoring capability. Details are FFS after multi-slot monitoring capability definition is clear. 
    

Conclusion
In this paper, we have discussed more detailed design for the multi-slot PDCCH monitoring capability. The following proposals are proposed:
Proposal 1: For defining multi-slot PDCCH monitoring capability, select Alt 2 with X in slots and Y in symbols and Y containing one short span (up to a few symbols).
Proposal 2: For Alt 1, UE determines the location of Y based on the following rule: 
· Location of Y should first include all CSS MOs that UE is configured to monitor, then USS MOs can be further included in Y from USS with lower to higher indices. Certain USS MO would be dropped if it cannot be included in Y.

Proposal 3: For Alt 1, further discuss capability definition within Y in terms of duration of span, number of spans, and minimum separation between two consecutive spans.
Proposal 4: Dropping rules for overbooking need to be extended to across-slots or across-spans for multi-slot monitoring capability. Details are FFS after multi-slot monitoring capability definition is clear. 
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