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1. Introduction
In this contribution, we continue discussing the multi-slot PDCCH monitoring design and PDCCH reliability and coverage enhancements. 
2. Discussion
2.1. Multi-slot PDCCH monitoring
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

Agreement:
Previous agreement is modified 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 the past two meetings, three alternatives were discussed for the PDCCH monitoring per slot group. Among these three alternatives, Alt3 intended to avoid a case where burst monitoring happens and with the sliding window it ensures that the capacity is maintained within a window of any location. Although we empathy this solution, we think that the claimed issue is not new to the slot-group monitoring but already exists in legacy system. For example, in R16 span-based capability (Fig. 1), the monitoring capability is defined within a span, but it might still happen that an aggregated burst monitoring see the example of {7,3}. In this case, it seems that there has been already a situation of such kind and the legacy UE can already handle it quite well. Moreover, if the span length and span interval are well design, there won’t be additional requirement for R17 UE for the PDCCH monitoring. For this reason, we think Alt-3 is not needed. 
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Observation 1: the issue to be addressed by Alt-3 seems already exists in legacy system and the legacy UE can already handle this issue. 
Proposal 1: Alt-3 is not necessary and focus on Alt-1 and Alt- 2. 
From our understanding, the main difference between Alt-1 and Alt-3 is that the Alt-3 does not define a fixed starting slot of the slot group, which can be shifted according to the configured PDCCH monitoring occasions. In fact, there is no fundamental difference between Alt-3 and Alt-2, both can achieve a similar goal. The advantage of Alt-2 is that R16 span framework can be reused. However, the definition of X and Y may need revision to make it tailored to high subcarrier spacing cases. 

Alt-1 design details
The slot group is similar to span interval and it controls the distance between two spans. The slot group value should at least be equal to a slot duration of 120kHz SCS, that is slot group value = 4 for 480kHz SCS and 8 for 960kHz SCS. 
Proposal 2: for Alt-1, support a slot group containing 4 slots for 480kHz SCS and 8 slots for 960kHz SCS. 
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Since the slot group is fixed, e.g. bounded with slot index, therefore, the span within a slot group should not be in fixed location. Otherwise, this would very much limit the scheduling flexibility. For this reason, we suggest that the span location within the slot group is not fixed from the first slot. It can be determined according to the configured search space. However, the span location within the slot group across different slot group should be fixed. 
Proposal 3: for Alt-1, support a non-fixed location of a span in a slot group. But the relative span location in the slot group is fixed across different slot groups. 

Regarding the span length, we suggest that the length should be limited to 3 symbols up to 1 slot. With this limitation, the UE will be allowed to benefit from the micro sleeping. 

Proposal 4: For Alt-1, the span length is limited to 3 symbols up to 1 slot. 

Alt-2 design details
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For Alt-2, we think reusing the R16 span framework can work nicely. The span interval should be designed at least to support 1 slot duration of 120kHz. In this case it has a similar span interval as Alt-1, i.e. 4 slots for 480kHz SCS and 8 slots for 960kHz SCS. The span length can be in the range of 3 symbols up to 1 slot. 
Proposal 5: for Alt-2, 

· supporting span interval X=4 for 480kHz SCS and 8 for 960kHz SCS. 
· Supporting span length Y in the range of 3 symbols to 1 slot

Regarding the monitoring capacity within a span, we suggest that the following to be supported. 
	SCS
	Value of X
	#PDCCH candidate
	#CCE

	480 kHz
	4 slots
	20
	32

	960 kHz
	8 slots
	20
	32


Proposal 6: Support the maximum PDCCH candidates to be monitored as 20 and maximum CCE as 32 within a span. 
2.2. PDCCH reliability and coverage enhancement

With the introduction of 480 kHz and 960 kHz for data and control transmission in the high frequency range, compared to existing SCS, the symbols become much shorter and the frequency range will be much larger for a given CORESET configuration. Figure 1 compares the CORESET configuration of {12RBs, 2symbols} for 120kHz and 480kHz respectively. 
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Figure 1: CORESET configuration of {12RBs, 2symbols} for 120kHz and 480kHz
From Figure 1, it can be observed that to keep same CORESET configurations and same PDCCH candidates being monitored, compared to 120kHz SCS, the coverage of PDCCH transmission would be impacted due to the reduced transmission duration, and UE is required to estimate much higher frequency range with the SCS of 480kHz. While the maximum number of non-overlapped CCEs would be smaller for 480kHz SCS than 120kHz SCS. The difference would be much larger if 120kHz and 960kHz SCSs are compared. Therefore, enhancements to CORESET configuration, i.e., reducing CORESET RBs and increasing CORESET symbols for a given higher SCS, seem beneficial. 

Proposal 7: CORESET configuration with less RBs and more symbols for 480kHz and 960kHz SCS should be supported. 
3. Conclusion

This contribution discusses the potential enhancements to PDCCH monitoring. The following proposals are made. 
Observation 1: the issue to be addressed by Alt-3 seems already exists in legacy system and the legacy UE can already handle this issue. 

Proposal 1: Alt-3 is not necessary and focus on Alt-1 and Alt- 2. 
Proposal 2: for Alt-1, support a slot group containing 4 slots for 480kHz SCS and 8 slots for 960kHz SCS. 
Proposal 3: for Alt-1, support a non-fixed location of a span in a slot group. But the relative span location in the slot group is fixed across different slot groups. 

Proposal 4: For Alt-1, the span length is limited to 3 symbols up to 1 slot. 

Proposal 5: for Alt-2, 

· supporting span interval X=4 for 480kHz SCS and 8 for 960kHz SCS. 

· Supporting span length Y in the range of 3 symbols to 1 slot

Proposal 6: Support the maximum PDCCH candidates to be monitored as 20 and maximum CCE as 32 within a span. 

Proposal 7: CORESET configuration with less RBs and more symbols for 480kHz and 960kHz SCS should be supported. 
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