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At RAN plenary meeting #90-e, a work item (WI) to extend the current NR operation to 71GHz was agreed [1]. Enhancements on PDCCH monitoring is one aspect which is captured by the following objective. 
· [bookmark: _Hlk58595024]Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.
In RAN1#104-e meeting, the following agreement was made. However, the further elaboration on the alternatives was discussed but not agreed. 
	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



Therefore, in this contribution, we provide our further views on PDCCH monitoring capability and search space set configuration for the PDCCH monitoring. 
Key issues in PDCCH monitoring
From the discussions in last meeting, there is no common understanding on PDCCH monitoring capability in a group of slots, the applicable symbol positions of PDCCH MOs in a slot, and the RRC signalling for search space set configuration. Therefore, it is preferred to clarify above issues in the discussions. Otherwise, different understandings may exist for the same question. 
Proposal 1: The PDCCH monitoring can be defined from 3 aspects
· Definition of multi-slot PDCCH monitoring capability on maximum numbers of BD/CCE
· Meaning of X and Y (Y may be always equal to X)
· Which slots in the Y slots can carry PDCCH monitoring occasions
· Restriction on symbol position(s) for PDCCH monitoring occasion(s) in a slot
· Search space set configuration 

Multi-slot PDCCH monitoring capability
The following alternatives to define multi-slot PDCCH monitoring capability were proposed in the moderator’s summary document in RAN1#104-e. 
	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: Capability definition within a slot
· 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
· Examples: 
· X = [4] slots for 480 kHz SCS and X = [8] slots for 960 kHz SCS




Alt 1 has a fixed pattern of X-slot groups. Y slots within each group can be configured for PDCCH monitoring. The max number of BDs/CCEs applies to PDCCH monitoring in the Y slots. There are two sub alternatives
· Alt 1-1: Y<X. e.g. Y slots are the beginning Y slots in each group.
· Alt 1-2: Y=X. In this case, Y is not needed at all. Y is introduced just to facilitate discussion. 
Alt 2 tries to extend eURLLC span to a granularity of slot. The distance between spans will be at least X slots. Regarding the definition of a span, there are still two sub alternatives
· Alt 2-1: A span is still up to 3 symbols as in Rel-16. 
· Alt 2-2: A span can be multiple consecutive slots. One or more PDCCH MOs can be configured in span. 
Alt 3 relies on a sliding window of X slots. The max number of BDs/CCEs must be satisfied in each sliding window. To reduce the complexity, the step size for sliding can be increased to more than 1 slot. For example, the candidate step size can be 1, X/2 or others. 
For both Alt 1-1 and Alt 2, Y is smaller than X. Y is typically muchsmaller than X, otherwise it would introduce too much limitation to allocate PDCCH monitoring in every slot or most slots. Therefore, it is expected that a large number of consecutive slots within X slots are not configured for MOs. This is not desired in unlicensed operation for the fast channel access. 
The search space set group (SSSG) switching in NR-U is shown in Figure 1. The frequent PDCCH monitoring is assumed before gNB gets the channel occupation. For example, search space set with mini-slot level PDCCH monitoring can be configured, which is the first search space set group (SSSG). The frequent PDCCH monitoring reduces the delay for gNB to start DL transmission immediately after the LBT is successful. On the other hand, after gNB starts a COT, a second SSSG is configured, which may contain infrequent PDCCH monitoring for power saving. The DL performance for the second SSSG is guaranteed by the configuration of more PDCCH candidates with same or different DCI format in each MO of the second SSSG. 


Figure 1: SSSG switching in NR-U
The two SSSGs have different requirements on the PDCCH monitoring capability. With high SCS and short slot length, the mini-slot level PDCCH monitoring is not necessary for the first SSSG since there is marginal gain from latency point of view. On the other hand, even per-slot PDCCH monitoring capability may not be needed. In fact, per-slot PDCCH monitoring results in strict limitation on the search space set configuration, which is the reason to introduce multi-slot PDCCH monitoring in this WI. If Alt 1-1 or Alt 2 is used, it is expected that both X and Y are small values to still allow frequent MOs in the first SSSG. On the other hand, the second SSSG relies on a large gap between MOs for the power saving. Therefore, if Alt 1-1 or Alt 2 is used, a larger X and a smaller Y is desired. 
Based on the above analysis, if Alt 1-1 or Alt 2 is adopted, it is much likely that UE needs to dynamically change its PDCCH monitoring capability together with SSSG switching. It complicates the PDCCH monitoring in the unlicensed operation. It is desired that a single PDCCH monitoring capability is used by UE and up to gNB to configure the search space sets in the two SSSG under same assumption of maximum numbers of BD/CCE. 
Proposal 2: It is desired that the same PDCCH monitoring capability can be applied to both two SSSG configurations, to avoid frequency switching PDCCH monitoring capabilities.  

For both Alt 1-2 and Alt 3, the capability of maximum numbers of BD/CCE effectively apply to the X-slot group. There is no limitation on which slot(s) can be configured with MOs. Therefore, with a same PDCCH monitoring capability, gNB may distribute the MOs in the X-slot group for the first SSSG and concentrate the MOs in a small number, e.g. one slot in the X-slot group. 
Alt 1-2 is the most simplified solution to define multi-slot PDCCH monitoring capability. However, as discussed in our contribution in last meeting, there is a potential problem if PDCCH MOs are configured back-to-back in adjacent X-slot group. Certain additional solution can be discussed to mitigate the problem. As shown in Figure 2, the group of consecutive slots to apply the maximum number of BDs and the group of consecutive slots to apply the maximum number of CCEs can be staggered in time. Though the back-to-back MOs in adjacent slot groups cannot be handled by checking maximum number of BD, it can still be avoided by checking maximum number of CCE. PDCCH overbooking can be simply handled in the time order of the first slot of the groups. 


Figure 2: Staggered checking maximum BD/CCE

The applicability of Alt 1-2 depends on the exact maximum numbers of BD/CCE and is impacted by the exact pattern for search space set configuration. A cleaner way is to define PDCCH monitoring capability as in Alt 3. As shown in Figure 3, the issue of back-to-back MO configuration can also be solved. 



Figure 3: Sliding window based PDCCH monitoring capability

Proposal 3: It is preferred to define multi-slot PDCCH monitoring capability based on Alt 3
· The step size for sliding can be X/2 slots for complexity reduction
· Up to gNB to configure SS sets in any one or more slots within the X slots, subject to the maximum numbers of BD/CCE
· There is no further limitation on maximum numbers of BDs/CCEs in a slot 

Regarding the size of multi-slot group, i.e. X, we prefer to have a size to align the slot length of SCS 120kHz. Further, additional X values can be considered for the flexibility of gNB configuration. Therefore, we prefer to allow the configurability of 2 or 4 for SCS 480kHz and 4 or 8 for SCS 960kHz. Another discussion point is the applicability of multi-slot PDCCH monitoring capability for SCS 120kHz. We think it is not necessary since per-slot PDCCH monitoring capability is already supported in NR Rel-15/16. It can be just reused for high frequency. 
Proposal 4: 
· X can be 2 or 4 for SCS 480kHz, 4 or 8 for SCS 960kHz
· Multi-slot PDCCH monitoring capability is not supported for SCS 120kHz

In NR Rel-15, according the UE capability on the maximum number of BDs/CCEs in a slot, 
· For PCell or PSCell, it is allowed that the configured number of BDs/CCEs in a slot by the configuration of SS set(s) is larger than the corresponding maximum numbers. Certain dropping rule is defined so that the actual number in the slot doesn’t exceed the corresponding maximum numbers. 
· For a SCell, the gNB should guarantee that the configured numbers of BDs/CCEs in a slot by the configuration of SS set(s) do not exceed the corresponding maximum numbers.
The similar rules could be extended to multi-slot PDCCH monitoring capability, 
· For PCell or PSCell, it is allowed that the configured number of BDs/CCEs in a X-slot group by the configuration of SS set(s) is larger than the corresponding maximum numbers. Certain dropping rule is defined so that the actual number in the X-slot group doesn’t exceed the corresponding maximum numbers. 
· For a SCell, the gNB should guarantee that the configured numbers of BDs/CCEs in a X-slot group by the configuration of SS set(s) do not exceed the corresponding maximum numbers.
Proposal 5: In each group of X slots,
· PDCCH overbooking is supported for PCell or PSCell 
· For a SCell, the configured BDs/CCEs do not exceed the corresponding maximum numbers.

As in Rel-15, it is desired there is no dropping for CSS sets even for PCell/PSCell. Therefore, it is up to gNB to guarantee that CSS sets are properly configured. One thing to note is that multiple slots in a X-slot group may contain MOs for a CSS set subject to gNB configuration. In this case, the total numbers of BDs/CCEs in the multiple slots for the USS set are multiple times of that configured in single slot.  Consequently, the numbers of available BDs/CCEs for USS sets are reduced. The UE capability on maximum numbers of BDs/CCEs needs to consider the increase of BDs/CCEs in the X-slot group for a CSS set. 
Regarding handling USS sets if total number of BDs/CCEs exceed the corresponding maximum numbers, a same principle as in Rel-15 can be reused, i.e. a USS set with high SS set index is dropped. Further, since the PDCCH MOs of the USS set may be configured in multiple slots in the X-slot group, a discussion point is whether the USS set in all the multiple slots is dropped as a whole or dropped slot by slot. The latter option is preferred since it allows more capacity for PDCCH monitoring without exceeding UE capability. 
Proposal 6: To handling USS dropping in PDCCH overbooking 
· A USS set with largest SS set index is dropped
· If the PDCCH MOs of a USS set are configured in multiple slots in the X slots, the USS set in the multiple slots is dropped slot by slot.
PDCCH monitoring occasion(s) in a slot
In NR, a search space (SS) set could be configured for the UE to monitor PDCCH. Up to 10 SS sets can be configured for each DL BWP in a serving cell. The time domain pattern of a SS set is configured by the following RRC parameters
-	a PDCCH monitoring periodicity of  slots and a PDCCH monitoring offset of  slots, by monitoringSlotPeriodicityAndOffset
-	a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the CORESET within a slot for PDCCH monitoring, by monitoringSymbolsWithinSlot 
-	a duration of  slots indicating a number of slots that the search space set  exists by duration
Specifically, 3 cases for SS set configuration within a slot are supported by parameter monitoringSymbolsWithinSlot,
· Case 1: PDCCH monitoring of all SS sets monitored in a slot occurs within 3 consecutive OFDM symbols that have fixed positions in each slot
· Case 1-1: PDCCH monitoring limited to within first three OFDM symbols of a slot
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot
· Case 2: PDCCH monitoring cases other than Case 1
Case 1-1 is the basic PDCCH monitoring occasion(s) in the beginning of a slot, which should be supported for high SCS. Case 2 is to configure more frequent PDCCH MOs within a slot, which is targeted to reduce scheduling latency. This is important especially for low SCS, e.g. 15kHz or 30kHz. On the other hand, it is not necessary for a high SCS, e.g. 480kHz or 960kHz, given that the slot length is quite short, i.e. 1/32ms or 1/64ms. In this case, there is no clear motivation to allow full flexibility on the positions of PDCCH MO(s) in a slot, i.e. Case 2. Therefore, restriction on PDCCH MOs in a slot can simplify UE implementation without performance degradation. 
Proposal 7: On the PDCCH monitoring occasion in a slot
· Case 1-1 is supported for all SCS 120kHz, 480kHz and 960kHz
· Case 2 is supported for SCS 120kHz
· Case 2 is not supported for SCS 480/960kHz

Search space set configuration
The configuration of PDCCH MO in all slots may not be necessary for high SCS in a real deployment. As shown in Figure 4, if the TDD UL/DL configuration is to align with LTE TDD configuration of 5ms switching periodicity, there exists up to 40 DL slots if SCS 120kHz is used. The specification supports gNB to configure MOs in each slot using a single SS set configuration. That is, the periodicity is 5ms with slot offset 0, which can be configured by monitoringSymbolsWithinSlot. Meanwhile, the parameter duration can be set to a value that equals to the number of DL slots in the 5ms period. However, if the SCS is increased to 960kHz, the current specification cannot support the configuration of a SS set with same periodicity and same location of MOs as SCS 120kHz. Note that the necessary number/frequency of MOs in time is mainly determined by the traffic property, e.g. the latency requirement, especially considering that multi-slot PDSCH/PUSCH is also supported. Therefore, it is a big drawback if the MO pattern for SCS 960kHz in Figure 4 cannot be supported.  


Figure 4: Time pattern of MOs with SCS 120kHz and 960kHz
With the existing SS set configuration, up to 40 SS sets need to be configured to achieve the MO pattern in Figure 1. On the other hand, considering different DCI formats (fallback DCI or normal DCI) and different type of SS set (USS, CSS type0/0A/1/2, CSS type3 with different DCI formats), the required number of SS sets must be much higher than 40. The main drawback of the current SS set configuration comes from the parameter ‘duration’ which is defined as a number of consecutive slots. To support the MO pattern for SCS 960kHz in Figure 1, a simple extension is to allocate a MO in every N slot, instead of consecutive slot allocation. The parameter ‘duration’ is still needed but can be reinterpreted as the window that MOs may be allocated, e.g. the DL period in a TDD period. Denote the number of slots that are configured with MOs of the USS set as M, then .
Proposal 8: Within a period of a SS set configuration
· The parameter ‘duration’ is reinterpreted as a window on which MOs may be configured. 
· One slot in every N slots within the window is configured with PDCCH MOs

Cross-carrier scheduling is a quite useful feature for NR. Therefore, it is expected that cross-carrier scheduling between serving cells using SCS 120/480/960kHz can be supported. On the other hand, one more discussion point is the carrier aggregation (CA) between a cell with 52.6-71GHz frequency and a cell in FR2 or even FR1. From specification completeness point of view, such CA scenario could be supported, especially considering a PCell in lower frequency than 52.6-71GHz is more appropriate for coverage/robustness. As discussed in MR-DC in Rel-16, the minimum PDSCH scheduling delay and minimum A-CSI RS triggering offset applicable to SCS 480kHz and 960kHz should be discussed. On the other hand, if such kind of CA is supported and cross-carrier scheduling is considered, an extreme case could be that, a slot with SCS 15kHz is used to schedule up to 64 slots with SCS 960kHz. Without a clear motivation, we prefer to avoid unnecessary optimization. 
Proposal 9: Cross-carrier scheduling of cell with 52.6-71GHz frequency from/to a cell of FR1 and FR2 is allowed by specification
· The minimum PDSCH scheduling delay and the minimum A-CSI RS triggering offset applicable to SCS 480kHz and 960kHz needs to be discussed.
· Additional enhancements are deprioritized unless a clear motivation is identified.
Conclusions
In this contribution, we discussed the potential enhancements on PDCCH monitoring in 52.6-71GHz frequency. The following is a summary of the proposals:
Proposal 1: The PDCCH monitoring can be defined from 3 aspects
· Definition of multi-slot PDCCH monitoring capability on maximum numbers of BD/CCE
· Meaning of X and Y (Y may be always equal to X)
· Which slots in the Y slots can carry PDCCH monitoring occasions
· Restriction on symbol position(s) for PDCCH monitoring occasion(s) in a slot
· Search space set configuration 
Proposal 2: It is desired that the same PDCCH monitoring capability can be applied to both two SSSG configurations, to avoid frequency switching PDCCH monitoring capabilities.  
Proposal 3: It is preferred to define multi-slot PDCCH monitoring capability based on Alt 3
· The step for sliding can be X/2 slots for complexity reduction
· Up to gNB to configure SS sets in any one or more slots within the X slots, subjected to the maximum numbers of BD/CCE
· There is no further limitation on maximum numbers of BDs/CCEs in a slot 
Proposal 4: 
· X can be 2 or 4 for SCS 480kHz, 4 or 8 for SCS 960kHz
· Multi-slot PDCCH monitoring capability is not supported for SCS 120kHz
Proposal 5: In each group of X slots,
· PDCCH overbooking is supported for PCell or PSCell 
· For a SCell, the configured BDs/CCEs do not exceed the corresponding maximum numbers.
Proposal 6: To handling USS dropping in PDCCH overbooking 
· A USS set with largest SS set index is dropped
· If the PDCCH MOs of a USS set are configured in multiple slots in the X slots, the USS set in the multiple slots is dropped slot by slot.
Proposal 7: On the PDCCH monitoring occasion in a slot
· Case 1-1 is supported for all SCS 120kHz, 480kHz and 960kHz
· Case 2 is supported for SCS 120kHz
· Case 2 is not supported for SCS 480/960kHz
Proposal 8: Within a period of a SS set configuration
· The parameter ‘duration’ is reinterpreted as a window on which MOs may be configured. 
· One slot in every N slots within the window is configured with PDCCH MOs
Proposal 9: Cross-carrier scheduling of cell with 52.6-71GHz frequency from/to a cell of FR1 and FR2 is allowed by specification
· The minimum PDSCH scheduling delay and the minimum A-CSI RS triggering offset applicable to SCS 480kHz and 960kHz needs to be discussed.
· Additional enhancements are deprioritized unless a clear motivation is identified.
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