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1. Introduction
In RAN1#104 meeting [1], the following agreements were made regarding multi-slot PDCCH monitoring capability: 
	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



In this document, the issues on PDCCH monitoring enhancements for up to 71GHz operation were discussed. 
2. Discussion on PDCCH monitoring enhancements
2.1. Multi-slot PDCCH monitoring capability 
In Rel-15/16, UE capability for PDCCH monitoring is defined as per slot based on the basic unit of scheduling interval configured for UE monitoring. The enhancements of PDCCH monitoring capability for URLLC scheduling was also defined per span as the basic unit for SCS=15 kHz/30 kHz to enable scheduling interval of 2, 4, and 7 OFDM symbols. The consideration of PDCCH monitoring capability is the trade-off between the UE processing capability and the network scheduling flexibility.  The Polar decoder of PDCCH decoding at the UE is a pipeline processing for possible PDCCH candidates within a given time interval, e.g., slot.  The processing speed of PDCCH decoding per time interval could not increase in proportion to the reduction of the slot interval in power of 2 when the SCS increases. The number of PDCCH decoding per slot would be reduced when the slot interval is reduced in the order of power of 2. Thus, the maximum number of monitoring PDCCH candidates per slot is reduced as the SCS increases.  
The reducing number of PDCCH monitoring candidates when large SCS is introduced implies that the number of PDCCH candidates for each aggregation level would be reduced for scheduling DCI within a scheduling interval, e.g., slot or mini-slot. The PDCCH blocking probability would increase when the number of PDCCH candidates reduces. Since the scheduling interval, e.g., slot, is much shorter, the average number of users to be scheduled would be reduced comparing to that in large scheduling interval if the total number of the scheduling users is the same during a period of time. The PDCCH blocking probability would be reduced in proportion to the average number of scheduling users decreases.  Thus, the reducing number of PDCCH monitoring candidate for large SCS would not have significant increase of the PDCCH blocking probability.  Inversely, the short slot duration of large SCS might improve the PDCCH blocking probability due to the average number of users to be scheduled is reduced substantially.  
Observation 1:  PDCCH blocking probability would not be significantly impacted for 480 kHz and 960 kHz SCS when the maximum number of the monitored PDCCH candidates per slot is reduced.  

Table 1 and Table 2 show the maximum number of monitored PDCCH candidates and maximum number of non-overlapped CCEs per slot for a single serving cell respectively. As the subcarrier spacing increases, the duration of one slot becomes shorter, and the maximum number of monitored PDCCH candidates and maximum number of non-overlapped CCEs per slot decreases as well with the assumption of same system BW. If the unit of monitoring capability is same as legacy, the maximum number of CCEs can be less than 16 and even one PDCCH candidate with aggregation level 16 in a slot cannot be allocated. This will have serious impact on search space configuration for 480 kHz and 960 kHz. For example, UE will be limited to monitor subset of DCI formats or aggregation levels as the number of PDCCH candidates excessively decreases.  

To avoid small number of monitored PDCCH candidates, a longer time interval of PDCCH monitoring period could be introduced to increase number of monitored PDCCH candidates. Currently, the UE capability of monitored PDCCH candidates is per slot or per span for URLLC.  For small slot duration with 480kHz and 960kHz SCS, the time duration needs to be expand to multiple slots in order to increase the number of monitored PDCCH candidates.   .

Table 1: Maximum number  of monitored PDCCH candidates per time span for a DL BWP with SCS configuration  for a single serving cell based on that in Clause 10.1 of TS38.213
	
	Maximum number of monitored PDCCH candidates per time spant and per serving cell 
	Slot number of a time span

	0
	44
	1

	1
	36
	1

	2
	22
	1

	3
	20
	1




Table 2: Maximum number  of non-overlapped CCEs per slot for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32



For a given PDCCH monitoring capability which UE reported, the network needs to configure the search space and DCI formats according to the limitation of the reported UE capability. The maximum number of monitored PDCCH candidates specified in the extended time interval will determine the required constraint of the search space configuration and DCI formats associated with the selected subset of aggregation levels. The time interval for the specified UE capability in maximum monitored PDCCH candidates and the distribution of the PDCCH MOs distributed within multi-slot interval would provide different levels of flexibility for gNB scheduling and UE power consumption. 
In RAN1#104-e, three alternatives for defining the multi-slot PDCCH monitoring capability are discussed.  
Alt 1: Use a fixed pattern of N slots as the baseline to define the new capability.
· Alt 1-1: MOs can only be distributed in the first few symbols of the pattern.
· Alt 1-2: MOs can be distributed at any symbols within the pattern.


[bookmark: _Ref67683938]Figure 1: MOs distribution limitation within the fixed pattern
As shown in Figure 1, the main difference between Alt 1-1 and Alt 1-2 is the configured CORESET resource allocation as PDCCH MOs. When Alt 1-1 is supported,  gNB can only schedule the UE in the first 3 symbols of slots with the fixed pattern of CORESET allocation within the multi-slot interval. The number of CCEs would be distributed to those slots configured with CORESETs.  UE will search the PDCCH candidates from the distributed CCE allocation among slots configured with CORESETs. Alt 1-2 can allocate the CORESET at any symbols within the multi-slot interval without the limitation on the first 3 symbols of slot. The CCEs could be distributed to any symbols within the multi-slot interval. This would give the gNB full flexibility in scheduling any PDSCH/PUSCH at any symbol within the multi-slot interval. However, this would also require large signaling overhead in the pattern of search space configuration within the multi-slot interval. Since the slot interval is very short for 480 kHz and 960 kHz SCS, the latency and flexibility of gNB scheduling with limiting the CORESET at the first 3 symbols of the slot would not be significant. Alt 1-2 does not provide much benefit in latency and scheduling flexibility over that of Alt 1-1.      

Proposal 1:  The CORESET can be limited to first 3 symbols of first slot within the multi-slot interval for a fixed pattern.  

Alt 2: Use (X, Y) span as baseline to define the new capability. 
A span is the time interval for the gNB scheduling. The span starts with the first symbol where PDCCH monitoring occasion starts. The X is minimum time separation between two consecutive spans. Y is the number of consecutive symbols configured for CORESET in a span where UE is configured for PDCCH monitoring. In Rel-16, NR supports (2, 2), (4, 3) or (7, 3) span for 15 kHz and 30 kHz SCS for URLLC mini-slot scheduling. The X value of 2, 4, 7 symbols are the supported mini-slot structure in NR. For 480 kHz and 960 kHz SCS, the value of X could be extended to support 14 symbols/1 slot, 28 symbols/2 slots, 56symbols/ 4 slots and 112 symbols/8 slots as the scheduling interval for UE multi-slot PDCCH monitoring capability. Since the maximum system bandwidth increases in proportion to the increase for larger SCS, e.g., 1600 MHz for 480 kHz SCS, the number of CCEs in the first 3 symbols of slot would be the similar to that of lower SCS based on 275 PRBs constraint of the system BW. In order to make a trade-off between schedule flexibility and UE capability, X value should be defined with different granularity (56, 28, 14) or (112, 56, 28) symbols which could be defined for 480kHz and 960kHz SCS respectively. 
Regarding the value of Y, 2 symbols and 3 symbols are supported in Rel-16 where the value of X is always smaller than 1 slot. The UE for operation in 52.6GHz-71GHz should at least support X=4 slots for 480 kHz and X=8 slots for 960 kHz. When the value of X is extended to a value greater than 1 slot, the scheduling interval is increased and the scheduling flexibility is decreased. In order to enhance the scheduling flexibility, the value of Y greater than 3 symbols should be further studied.
Proposal 2: The value of X can be defined with different granularity (112, 56, 28, 14) symbols for (X, Y) span.
Proposal 3: The value of Y greater than 3 symbols should be further studied for (X, Y) span.

Alt 3: Use a sliding window of  N slot to define the new capability.


[bookmark: _Ref67870726]Figure 2: Example for sliding window
[bookmark: _Hlk68263071]The length of the sliding window could be 4 slots and 8 slots for 480 kHz and 960 kHz respectively, and the sliding unit of sliding window is 1 slot, as shown in Figure 2. The sliding window can define UE PDCCH monitoring capability within any consecutive slots of N.  If PDCCH monitored capability is defined within multi-slot window, the number of PDCCH candidates for UE to monitor should remain the same under the maximum number of monitored PDCCH candidate.  For example, the total number of PDCCH candidates in sliding windows 1 and 2 should be the same since the number of PDCCH candidates in slot 5 should be the same as that in slot 1 regardless this is 4-slot fixed pattern (Alt 1) or time span (Alt 2). If overbooking of PDCCH candidates is allowed, UE requires to iterative accounting of the number of PDCCH blind decoding within the sliding window and may have the results of discarding decoding of some PDCCH candidates due to over the limit of maximum number of monitored PDCCH candidate. There is no distinct advantage of sliding window for PDCCH monitoring but apparent drawback in UE complexity in iterative calculating the total number of PDCCH monitoring within the window.   

Observation 2: PDCCH monitoring capability by sliding window of N-slot has no distinct advantage of increasing the number of monitored PDCCH candidate or scheduling flexibility. When overbooking calculation is involved, the sliding window of N-slot for PDCCH monitoring has the apparent drawback of extra complexity associated with each sliding window.   

[bookmark: _Hlk68263744]Proposal 4: Alt1 fixed pattern of N slot or Alt 2 (X, Y) span can be used to define the new UE capability for multi-slot PDCCH monitoring candidate.

2.2. Search space configuration
In NR, a UE monitors a set of PDCCH candidate in one or more CORESET according to corresponding search space configuration. The monitoring occasion can be configured by the following RRC parameters.
· monitoringSlotPeriodicityAndOffset: Used to configure the periodicity and offset for PDCCH monitoring, the unit of configuration is slot
· duration: Used to configure the number of consecutive slots that a SearchSpace lasts in every occasion.
· monitoringSymbolsWithinSlot: Used to configure the first symbol for each PDCCH MO within the slot. The size of this parameter is 14 bit and each bit represents a symbol in a slot. If the value of one bit is 1, the OFDM symbol corresponding to this bit is a PDCCH monitoring occasion.
For Rel-15/16, the unit of search space configuration is one slot. The parameter duration indicates the number of consecutive slots where MOs are located. The parameter monitoringSymbolsWithinSlot indicates the distribution of MOs within one slot. When the schedule interval is extended to multi-slot, it will be problematic to configure MOs for UE with parameter of searchspace defined in Rel-16. For example, the periodicity of search space configuration is 12 slots, the MOs is configured at slot #1, slot#5 and slot#9 with the 4 slots schedule interval as shown in Figure 3. The parameter of searchspace defined in Rel-16 cannot indicate the distribution case of MO#1 and MO#2 for UE. Thus, the parameter of searchspace should be redefine based on the new UE capability.


[bookmark: _Ref67922454][bookmark: _Ref68631385]Figure 3: Example for MO configuration (T_periodicity=12 slots, k_offset=0)
When the scheduling interval is N slots, the parameter of searchspace can be redefined as following:
· duration: The duration represents  the number of consecutive multi-slots where MOs are located.
· monitoringSymbolsWithinSlot: The bitmap represents the MOs distribution within the multi-slots.
Proposal 5：The parameter of searchspace should be redefine based on the new UE capability.

Conclusion 
This contribution discussed the PDCCH enhancements for the support of NR operation up to 71 GHz. We have the following proposals,

Observation 1:  PDCCH blocking probability would not be significantly impacted for 480 kHz and 960 kHz SCS when the maximum number of the monitored PDCCH candidates is reduced.  
Observation 2: PDCCH monitoring capability by sliding window of N-slot has no distinct advantage of increasing the number of monitored PDCCH candidate or scheduling flexibility. When overbooking calculation is involved, the sliding window of N-slot for PDCCH monitoring has the apparent drawback of extra complexity associated with each sliding window.   

Proposal 1:  The CORESET can be limited to first 3 symbols of first slot within the multi-slot interval for a fixed pattern.  
Proposal 2: The value of X can be defined with different granularity (112, 56, 28, 14) symbols for (X, Y) span.
Proposal 3: The value of Y greater than 3 symbols can be further studied for (X, Y) span.
Proposal 4: Alt1 fixed pattern of N slot or Alt 2 (X, Y) span can be used to define the new UE capability for multi-slot PDCCH monitoring candidate.
[bookmark: _GoBack]Proposal 5: The parameter of searchspace should be redefine based on the new UE capability.
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