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1. Introduction
It has been identified during the SI phase [1] that per slot monitoring under high SCSs, i.e., 480 kHz and 960 kHz, might not be a desirable configuration for UE due to the PDCCH monitoring power consumption from relatively short slot duration. Furthermore, under the assumption of per slot monitoring, the associated BD/CCE limit per slot for SCSs higher than 120 kHz might be limited to a small number to accommodate UE capability, e.g., less than 16 CCE limit per slot, which leads to degraded scheduling efficiency. To address these two PDCCH monitoring issues, it has been agreed in RAN #90e [2] that UE PDCCH monitoring complexity is considered as one of the enhancements for operation in 52.6GHz to 71GHz and the following aspects are included in the scope for further discussion: blind detection/CCE budget, multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring. Our views on those aspects are as follows.   

2. [bookmark: _Ref494794648]PDCCH monitoring enhancement

For new SCSs 480 kHz and 960kHz, three alternatives of multi-slot monitoring frameworks have been updated in RAN1 #104bis-e meeting for further discussion:
· 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 and N may depend on UE capability and gNB configuration
 
Alt1 provides a simple monitoring behavior within each X slots/symbols and achieves multi-slot monitoring by conducting the PDCCH monitoring in a fixed and small portion of the X slots/symbols. Furthermore, Alt1 limits the monitoring pattern in predetermined locations. On the other hand, monitoring pattern can be more flexible in Alt2 where Alt2 regulates the duration of each PDCCH monitoring to be within Y unit of time and achieves multi-slot monitoring by configuring no PDCCH monitoring in the rest of X-Y units of time. In fact, Alt2 extends the span notion defined in Rel-16 URLLC. As for the Alt3, it is motivated by providing scheduling flexibility for gNB based on the UE capability of BD/CCE limit within a moving window of time, which can resolve the back-to-back PDCCH monitoring at UE side from the gNB configuration. However, during the discussion in RAN1 #104bis-e meeting, it has been identified that the benefit of Alt3 on avoiding back-to-back PDCCH monitoring can be achieved by restricting the monitoring pattern at the beginning of each slot group and by properly designing (X,Y) values in Alt1 and Alt2. It has also been identified that Alt3 can lead to dynamic PDCCH monitoring dropping at UE side due to the moving window of checking BD/CCE limit. Therefore, we suggest to remove Alt3 from discussion and focus on the selection from Alt1 and Alt2 for the multi-slot PDCCH monitoring framework  

[bookmark: _Ref78902220]Proposal 1: For multi-slot PDCCH monitoring capability, remove Alt3 from the discussion. 

During the discussion in RAN1 #104bis-e meeting, the unit of monitoring pattern within each alternatives was discussed without any conclusions. For Alt1, the unit of the fixed pattern can be either symbol or slot, e.g., UE PDCCH monitoring is confined within the first Y symbols or first Y slots within each X slots. For Alt2, the unit of (X,Y) can also be either symbol, which follows the legacy span definition in Rel-16, or slots. If the unit of symbol is adopted in Alt1 and Alt2, then PDCCH monitoring might concentrate in consecutive symbols within and even across slots. In this case, the associated scheduling delay can be impacted depending on the ratio of fixed pattern duration Y and X slots in Alt1 and the ratio of X and Y in Alt2. On the other hand, if the unit of slot is adopted in Alt1 and Alt2, i.e., the fixed pattern in Alt 1 indicates the slots for PDCCH monitoring and the unit of (X,Y) in Alt2 is slot, PDCCH monitoring can be distributed into consecutive slots and the monitoring symbols within each slot can be further specified, which can provide more flexibility on scheduling. In fact, a monitoring pattern specified with the unit of symbol can also be described by a monitoring pattern specified with the unit of slot with further details on the monitoring symbols in the slots. 

[bookmark: _Ref68510857]Proposal 2: To achieve scheduling flexibility in multi-slot PDCCH monitoring, the monitoring pattern should adopt slot as the basic unit for (X,Y) in both Alt1 and Alt2. The monitoring symbols within the slots can be further studied. 

Regarding the candidate values of (X,Y) in Alt1 and Alt2, there was a discussion in RAN1 #104bis-e meeting on the range of X. In particular, {1, 2, 4} were discussed for 480kHz and {1, 2, 4, 8} were discussed for 960kHz. In our view, at least X=4 slots and X=8 slots should be supported for multi-slot PDCCH monitoring in 480 kHz and 960kHz, respectively, to achieve PDCCH monitoring power saving. For supporting X=8 slots in 480kHz multi-slot PDCCH monitoring, the decision should acknowledge the discussion outcome on the maximum number of scheduled PDSCHs in a single DCI under 480kHz. For the same reason of UE power saving, at least Y=1 should be supported. For other values of (X,Y), we prefer to have an UE capability to address the trade-off between UE implementation complexity and gNB scheduling flexibility.

[bookmark: _Ref78902233]  Proposal 3: To achieve UE power saving in multi-slot monitoring, at least (X=4 slots, Y=1 slot) and (X=8 slots, Y=1 slot) should be supported for multi-slot PDCCH monitoring in 480 kHz and 960kHz, respectively, in both Alt1 and Alt2. For other pairs of (X,Y), if needed, optional UE capability should be introduced. 


Although many details are not specified yet in those alternatives, there can be some shared design concepts between Alt1 and Alt2 when the fixed pattern in Alt 1 indicates the slots for PDCCH monitoring and the unit of (X,Y) in Alt2 is slot. For example, if the fixed pattern in Alt1 indicates the first Y=1 slot within every X=4 slots is configured for PDCCH monitoring, then the resulting monitoring pattern satisfies the (X=4, Y=1) monitoring constraint in Alt2, which is illustrated in Figure 1. Therefore, Alt1 can be considered as a basic configuration for multi-slot monitoring framework. Compared with Alt1, Alt2 provides an additional degree of freedom on indicating the locations of slots for PDCCH monitoring under the (X,Y) constraint, which is illustrated in Figure 2. However, such flexibility comes with a cost of complicating the BD/CCE limit distribution when multi-cell operation is considered. For example, it is possible that the spans in the same cell follow the (X,Y) constraint but the spans from different cells might be close to each other and violate the (X,Y) constraint in time domain, which is illustrated in Figure 3. In this example, both CCs follow (X=4,Y=1) constraint and the BD/CCE limit assigned to Span1_2 in CC#1 and Span2_1 in CC#2 need to acknowledge UE monitoring capability on monitoring the back to back spans of slots. Therefore, to complete Alt2 design, the multi-cell monitoring capability need to be carefully specified. The same issue can also occur in Alt1 if the fixed multi-slot monitoring patterns among CCs are not aligned. Therefore, some restriction on the search space set configuration may be necessary to realize either Alt1 or Alt2, e.g., the supported PDCCH monitoring periodicity of  slots and PDCCH monitoring offset of  slots should be limited to ()=() when a UE supports (X,Y) multi-slot PDCCH monitoring capability where () are non-negative integers. 

[bookmark: _Ref78902377][bookmark: _Ref68510864]Proposal 4: Adopt Alt1 as the basic multi-slot PDCCH capability with the following aspects. 
· 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
· Support at least (X=4 slots, Y=1 slot) and (X=8 slots, Y=1 slot) for multi-slot PDCCH monitoring in 480 kHz and 960kHz, respectively
· FFS other (X,Y) values as optional UE capability
· FFS the monitoring occasion restriction within the Y=1 slot
· Support PDCCH monitoring periodicity of  slots and PDCCH monitoring offset of  slots to be limited to ()=() when a UE supports (X,Y) multi-slot PDCCH monitoring capability where () are non-negative integers 
· Restrictions on location of the Y slots within a slot group to be the first Y slots within a slot group
· FFS: whether to support Alt2 as optional capability. If supported, the multi-cell monitoring capability for non-aligned spans across CCs need to be further studied.  
[image: ]
[bookmark: _Ref78895058]Figure 1 Example of Alt1 and Alt2 having the same monitoring configuration where Alt1 indicates the monitoring of the first M=1 slot in every N=4 slots and Alt 2 follows (X=4,Y=1)
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[bookmark: _Ref68527571]Figure 2 Example of Alt1 and Alt2 having different monitoring configuration where Alt1 indicates the monitoring of the first M=1 slot in every N=4 slots and Alt 2 follows (X=4,Y=1)
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[bookmark: _Ref68527611]Figure 3 Example of non-aligned spans across CCs in Alt2
3. Conclusion
In summary, we have the following proposals:
Proposal 1: For multi-slot PDCCH monitoring capability, remove Alt3 from the discussion.
Proposal 2: To achieve scheduling flexibility in multi-slot PDCCH monitoring, the monitoring pattern should adopt slot as the basic unit for (X,Y) in both Alt1 and Alt2. The monitoring symbols within the slots can be further studied.
Proposal 3: To achieve UE power saving in multi-slot monitoring, at least (X=4 slots, Y=1 slot) and (X=8 slots, Y=1 slot) should be supported for multi-slot PDCCH monitoring in 480 kHz and 960kHz, respectively, in both Alt1 and Alt2. For other pairs of (X,Y), if needed, optional UE capability should be introduced.
Proposal 4: Adopt Alt1 as the basic multi-slot PDCCH capability with the following aspects.
· 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
· Support at least (X=4 slots, Y=1 slot) and (X=8 slots, Y=1 slot) for multi-slot PDCCH monitoring in 480 kHz and 960kHz, respectively
· FFS other (X,Y) values as optional UE capability
· FFS the monitoring occasion restriction within the Y=1 slot
· Support PDCCH monitoring periodicity of  slots and PDCCH monitoring offset of  slots should be limited to ()=() when an UE supports (X,Y) multi-slot PDCCH monitoring capability where (m, n) are non-negative integers 
· Restrictions on location of the Y slots within a slot group to be the first Y slots within a slot group
· FFS: whether to support Alt2 as optional capability. If supported, the multi-cell monitoring capability for non-aligned spans across CCs need to be further studied.  

4. References
[1] [bookmark: _Ref40359806][bookmark: _Ref528680018][bookmark: _Ref481596356][bookmark: _Ref481781528][bookmark: _Ref481782557]3GPP TR 38.808, “Study on supporting NR from 52.6 GHz to 71 GHz”,  November, 2020
[2] [bookmark: _Ref40449526]RP-202925, “Revised WID:  Extending current NR operation to 71 GHz”, December, 2020

image1.png
r )

iSlot boundary
i
N\

Alt2: [ [ I





image2.png
AltL: -\\7
|
LM =1

Alt2:

4

r

iSlot boundary
i
N\

Monitoring slot





image3.png
X

r

iSlot boundary

i
N
i
I'span1_1 ! Spanl_2
cc#l I I
|
i Monitoring slot
|
Span2_1 X =4 Span2_2
- I
r
ccH2 [ I [
-





