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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN # 90 the extensions to WI [1] for NR operation up to 71GHz were approved. According to [1] RAN1 should define:
“Physical layer procedure(s) including [RAN1]:
· [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.
RAN1#106bis-e Agreements
[bookmark: _Hlk69545768]For beyond 52.6GHz to 71GHz band and higher SCS (480/960 kHz), the RAN1 agreed to reduce power consumption by increasing the span of PDCCH monitoring to a larger duration than the slot.
During RAN1#106bis-e [5], the following refinement of the alternatives has been agreed:
	[bookmark: _Hlk80806434]Agreement:
· Multi-slot PDCCH monitoring is based on slots within a slot group
· Each slot group consists of X consecutive slots
· Slot groups are consecutive and non-overlapping
· The start of the first slot group in a subframe is aligned with the subframe boundary
· The start of each slot group is aligned with a slot boundary
· Reporting the BD/CCE budget for X=4/8 slots (for 480/960 kHz resp.) is mandatory (if UE supports the corresponding SCS), and is optional for X=[2]/4 slots (for 480/960 kHz resp.)
· There is a common BD budget for all search spaces
· FFS: Search space configuration
· For Group (1) SS
· A SS is configured to be within YGroup1 consecutive slots within a slot group of X slots
· The location of the YGroup1 consecutive slots within a slot group of X slots is based on a time offset within the slot group based on slot index n0 determined for Group (2) monitoring such that the YGroup1 slots overlap the YGroup2 slots
· The location of the YGroup1 consecutive slots within a slot group of X slots is maintained across different slot groups (unless n0 changes)
· BD attempts for all Group (1) SSs are restricted to fall within the same YGroup1 consecutive slots
· For Group (2) SS
· A SS is configured to be within YGroup2 consecutive slots within a slot group of X slots
· The location of the YGroup2 consecutive slots within a slot group of X slots is maintained across different slot groups (unless n0 changes)
· The reported capability indicates the BD/CCE budget within Y=max(YGroup1, 2) slots per slot group
· [bookmark: _Hlk86328191]Support the following values of YGroup1 and YGroup2
· For X=8: (YGroup1,YGroup2) = (4,2), (2,2), (1,[1 or 2])
· For X=4: (YGroup1,YGroup2) = (2,2), (1,[1 or 2])
· For X=2: (YGroup1,YGroup2) = (1,[1 or 2])
Group (1) SS: Type 1 CSS with dedicated RRC configuration and type 3 CSS, UE specific SS
Group (2) SS: Type 1 CSS without dedicated RRC configuration and type 0, 0A, and 2 CSS




Discussion
We would first note in the agreement above that the UE reports its capability for BD budget per X slot duration, which means that there is no restriction, at least from the budget reporting point of view, for monitoring locations of the spans for Group (1) (YGroup1) and respectively for Group (2) (YGroup2).
Group (2) contains Type 1 CSS w/o dedicated RRC configuration, and type 0,0A and 2 CSS. 
The PDCCH monitoring occasions for Group (2) in existing specs for FR2-1 and FR1 for the SS/PBCH block and CORESET multiplexing pattern 1 are in two consecutive slots started with slot index n0 as specified in TS 38.213, Clause 13. The slot index n0 is determined from the SSB index i, the offset O, the parameter M, [image: ], where the SSB index i is provided by the most recent MAC CE activation command indicating a TCI state of the active BWP that includes a CORESET with index 0, or a contention-free random-access procedure. [image: ] and [image: ] are provided by Tables 13-11 and 13-12, which also provide the index of the first CORESET symbol in slots index n0 and n0+1. Group (2) monitoring occasions 
Group (1) contains Type 1 CSS with dedicated RRC, and type 3CSS and UE specific SS, with the monitoring occasions confined in the first three symbols of the slot.
The PDCCH monitoring occasions for Group (2) in the existing specs can be any OFDM in a slot within a single span of three consecutive OFDM symbols in the slot. 
The BD budget is defined for all search spaces per slot basis.
Related to the above agreement, we note that PDCCH monitoring is based on basic group of X slots that repeats.  The BD budget is defined for all search spaces contained in X. The main design decision is  how to scale up the existing PDCCH monitoring occasions from a single slot (or span) to multi-slot group X.
The main controversy during the meeting was around the specific search locations for Group (1) SS and Group (2) SS. 
Should Group (2) monitoring occasions be in any slot (symbol) of the slot group X?
If we just scale up the existing solution the answer is yes. However, if the monitoring opportunities extend for the duration of X slots the power saving advantage may be lots. Therefore, the monitoring opportunities would better be confined in a span of successive slots in X, named in the above agreement YGroup2. Where the span YGroup2 may start in any slot of X, and YGroup2 < X. Another controversial point during RAN1 discussions was the size of YGroup2. A size of 2 is compatible with existing implementation where the monitoring happens in n0 and n0+1. It also offers more flexibility. An argument against the size of 2slots was the possibility of having back-to-back allocations in two consecutive groups X that will be larger than the BD budget. One way to avoid it is to keep the YGroup2 span location the same in different groups X. However, this is not possible when the UE moves from one cell to another. Another possibility to avoid the over-budget situation is to allow YGroup2 smaller size of 1 slot, which can limit the total CSS monitoring occasions. This is a good choice especially for X=2.  
Proposal 1: Support the following values of YGroup1 and YGroup2
· For X=8: (YGroup1, YGroup2) = (4,2), (2,2), (1,2)
· For X=4: (YGroup1, YGroup2) = (2,2), (1,2)
· For X=2: (YGroup1, YGroup2) = (1,2)
Should be any relation between the location of monitoring occasions spans for Group (1) and Group (2)?
It was argued that when UE changes the location, the UE may change beams. It also was noticed that YGroup2 may be much less frequent (20ms), therefore may be even missing during a COT, which is limited to 5ms duration. Therefore, during a COT, because of the location change, a UE may need to start monitoring new locations for YGroup2 while monitoring the old locations for YGroup1. Preserving an offset between these two spans would allow UE to start monitoring new YGroup1 span without additional RRC configuration. YGroup1 may be different for different UEs and be staggered in time during the X slots pattern.
Proposal 2: For the same size of group pattern X, the offset between the start of YGroup1 and YGroup2 should be maintained constant in the same cell in the absence of RRC configuration.
Proposal 3: The reported BD capabilities is done per X slots group as in the agreement. In other words, remove from the FFS part of the agreement:
· The reported capability indicates the BD/CCE budget within Y = max(YGroup1, 2) slots per slot group

Based on these arguments, we address the FFS part from the agreement above (RAN1# 106bis-e) and propose the following text based on the agreement, which basically remove the FFS and proposes the YGroup1 and YGroup2 values.
Proposal 4: Multi-slot PDCCH monitoring is based on slots within a slot group where:
· Each slot group consists of X consecutive slots
· Slot groups are consecutive and non-overlapping
· The start of the first slot group in a subframe is aligned with the subframe boundary
· The start of each slot group is aligned with a slot boundary
· Reporting the BD/CCE budget for X = 4/8 slots (for 480/960 kHz resp.) is mandatory (if UE supports the corresponding SCS), and is optional for X = [2]/4 slots (for 480/960 kHz resp.)
· There is a common BD budget for all search spaces
· For Group (1) SS
· A SS is configured to be within YGroup1 consecutive slots within a slot group of X slots
· The location of the YGroup1 consecutive slots within a slot group of X slots is based on a time offset within the slot group based on slot index n0 determined for Group (2) monitoring such that the YGroup1 slots overlap the YGroup2 slots
· The location of the YGroup1 consecutive slots within a slot group of X slots is maintained across different slot groups (unless n0 changes)
· BD attempts for all Group (1) SSs are restricted to fall within the same YGroup1 consecutive slots
· For Group (2) SS
· A SS is configured to be within YGroup2 consecutive slots within a slot group of X slots
· The location of the YGroup2 consecutive slots within a slot group of X slots is maintained across different slot groups (unless n0 changes)
· Support the following values of YGroup1 and YGroup2
· For X=8: (YGroup1, YGroup2) = (4,2), (2,2), (1,2)
· For X=4: (YGroup1, YGroup2) = (2,2), (1,2)
· For X=2: (YGroup1, YGroup2) = (1,2)

Group (1) SS: Type 1 CSS with dedicated RRC configuration and type 3 CSS, UE specific SS
Group (2) SS: Type 1 CSS without dedicated RRC configuration and type 0, 0A, and 2 CSS

Observation 1: The above proposal implies that BD attempts for all SS sets for (1) are restricted to fall within the YGroup1 slots, BD attempts for all SS sets for (2) are restricted to fall within the YGroup2 slots.

Overbooking
A gNB can configure the UE with several PDCCH candidates/CCEs per slot that exceeds the UE capability, which is referred to as overbooking. As specified in TS 38.213 “A UE does not expect to be configured CSS sets that result to corresponding total, or per scheduled cell, numbers of monitored PDCCH candidates and non-overlapped CCEs per slot or per span that exceed the corresponding maximum numbers per slot or per span, respectively.”  In Rel 15 the monitoring capability is defined per slot, in Rel 16 the monitoring capability per span is added, where the span length ls shorter than a slot. The monitoring capability is defined by monitoringCapabilityConfig for a serving cell.
For multi-slot PDCCH monitoring it is expected that UE maps the PDCCH candidates using the Y span, where the span may be larger than one slot. Reusing the existing approach for overbooking rules is a natural choice. In the last RAN1-106bis e-meeting, most companies supported the dropping of the entire slot group when the BD/CCE capability is exceeded. In other words, a UE drops UE specific search space set(s) with higher index when SS sets are overbooked and expects there is no overbooking for CSS sets. In addition, if USS set is configured across multiple slots in a slot group, USS set should be checked and dropped as a whole.
Proposal 5: Reuse the Rel-15/16 overbooking rules with extension to slot group dropping when PDCCH candidates/CCEs exceeds either of the UE processing limits per span.
The following FL proposal in the RAN1-106bis captured the majority support. Therefore, we propose to adopt it as an agreement.
Proposal 6: The following limits apply for multi-slot monitoring within X slots
· The maximum number of monitored PDCCH candidates per X = 4 slots for a DL BWP with 480 kHz SCS configuration for a single serving cell is 20.
· The maximum number of monitored PDCCH candidates per X = 8 slots for a DL BWP with 960 kHz SCS configuration for a single serving cell is 20.
· The maximum number of non-overlapped CCEs per X = 4 slots for a DL BWP with 480 kHz SCS configuration for a single serving cell is 32.
· The maximum number of non-overlapped CCEs per X = 8 slots for a DL BWP with 960 kHz SCS configuration for a single serving cell is 32.

Search Space configuration
The time pattern for monitoring PDCCH is configured to a UE by means of search space (SS) sets: common SS (CSS), and UE specific SS (USS). A UE can be configured up to 10 SS sets for each up to four BWPs in a serving cell. The SS set configuration indicates SS type, DCI format(s), monitoring occasions and the number of PDCCH candidates for each aggregation level (AL) in the SS set. A search space is associated with only one CORESET. A control-resource set consists of  resource blocks in the frequency domain and  symbols in the time domain. A UE monitors a set of PDCCH candidates in one or more CORESETs on the active DL BWP. 
The UE determines what slots to monitor based on the duration, periodicity and offset provided by higher layers. TS 38.331 defines the SearchSpace IE.
· duration is the number of consecutive slots that a SearchSpace lasts in every occasion, i.e., upon every period as given in the SlotPeriodicityAndOffset.
· monitoringSlotPeriodicityAndOffset: number of slots for PDCCH Monitoring configured as periodicity and offset.
With Rel 17, the basic pattern is extended to multiple slots, therefore the specified duration is a repetition of the basic pattern and should be a multiple of the basic pattern length. The basic pattern duration in multi-slot PDCCH monitoring corresponds to X value above. The basic pattern duration for multi-slot PDCCH monitoring consists of an active search period (span) and a period where UE can microsleep (X-Y for instance).
With multi-slot PDCCH monitoring new variables are necessary to describe the extended basic monitoring pattern within a search space duration.
· spanDuration, represents the number of slots of span duration where PDCCH may be localized 
· patternDuration, which correspond to X value duration 
We note that the existing elements (variables) for search space configuration should keep their definition as the extended basic monitor pattern is repeated for “duration” slots, (duration >X), with periodicity and offset configured as presented in Figure 4.  
[image: ]
Figure 4, Search Space timing
 
In a multi-slot monitoring span UE may be provided with bitmap that indicates the monitoring symbols in each span. We note that this information is already provided in the Rel-15/16 IE by the variable   monitoringSymbolsWithinSlot, which is the first symbol(s) for PDCCH monitoring in the slots configured for PDCCH monitoring. For instance, UE will monitor just the first 3 symbols in each slot of the multi-slot span X=1. Moreover, the PDCCH schedule and monitoring can be further simplified if the CSS and USS are grouped and scheduled at different time either in the same slot or different slots of the span.
We note that is possible to select between two PDCCH different monitoring behaviors (e.g. per slot vs per multi-slot or per 2 slots vs 4 slots monitoring) through search space set group (SSSG) switching.
As presented in the Figure 4, a particular case for minimum configurable periodicity of the USS and Type3-PDCCH CSS may be the smallest value X that a UE supports. Therefore, we support the following proposal from [4]:
Proposal 7: For each SCS 480 kHz and 960 kHz, the minimum configurable periodicity of the USS and Type3-PDCCH CSS is the smallest value X that a UE supports when reporting its multi-slot PDCCH monitoring capabilities for the corresponding SCS.
Multi Beam PDCCH monitoring
In 60 GHz bands due to higher pathloss corresponding to high frequency it is expected that the transmitters use directional beams. In TS 38.213 Clause 10.1, the ControlResourceSet variables are defined. The antenna port quasi co-location is provided by TCI-State indicating the quasi co-location of the DM-RS antenna port for PDCCH reception in the respective CORESET. If the UE is not provided with a configuration of TCI state(s)the UE assumes that the DM-RS antenna port associated with PDCCH receptions is quasi co-located with SS/PBCH the UE identified during the initial access procedure.
[bookmark: _Ref129681832]Proposal 8: Use the existing mechanism for beam configuration and activation for multi-slot PDCCH monitoring.

Conclusion
Proposal 1: Support the following values of YGroup1 and YGroup2
· For X=8: (YGroup1, YGroup2) = (4,2), (2,2), (1,2)
· For X=4: (YGroup1, YGroup2) = (2,2), (1,2)
· For X=2: (YGroup1, YGroup2) = (1,2)
Proposal 2: For the same size of group pattern X, the offset between the start of YGroup1 and YGroup2 should be maintained constant in the same cell in the absence of RRC configuration.
Proposal 3: The reported BD capabilities is done per X slots group as in the agreement. In other words, remove from the FFS part of the agreement:
· The reported capability indicates the BD/CCE budget within Y = max(YGroup1, 2) slots per slot group

Proposal 4: Multi-slot PDCCH monitoring is based on slots within a slot group where:
· Each slot group consists of X consecutive slots
· Slot groups are consecutive and non-overlapping
· The start of the first slot group in a subframe is aligned with the subframe boundary
· The start of each slot group is aligned with a slot boundary
· Reporting the BD/CCE budget for X = 4/8 slots (for 480/960 kHz resp.) is mandatory (if UE supports the corresponding SCS), and is optional for X = [2]/4 slots (for 480/960 kHz resp.)
· There is a common BD budget for all search spaces
· For Group (1) SS
· A SS is configured to be within YGroup1 consecutive slots within a slot group of X slots
· The location of the YGroup1 consecutive slots within a slot group of X slots is based on a time offset within the slot group based on slot index n0 determined for Group (2) monitoring such that the YGroup1 slots overlap the YGroup2 slots
· The location of the YGroup1 consecutive slots within a slot group of X slots is maintained across different slot groups (unless n0 changes)
· BD attempts for all Group (1) SSs are restricted to fall within the same YGroup1 consecutive slots
· For Group (2) SS
· A SS is configured to be within YGroup2 consecutive slots within a slot group of X slots
· The location of the YGroup2 consecutive slots within a slot group of X slots is maintained across different slot groups (unless n0 changes)
· Support the following values of YGroup1 and YGroup2
· For X=8: (YGroup1, YGroup2) = (4,2), (2,2), (1,2)
· For X=4: (YGroup1, YGroup2) = (2,2), (1,2)
· For X=2: (YGroup1, YGroup2) = (1,2)

Group (1) SS: Type 1 CSS with dedicated RRC configuration and type 3 CSS, UE specific SS
Group (2) SS: Type 1 CSS without dedicated RRC configuration and type 0, 0A, and 2 CSS

Observation 1: The above proposal implies that BD attempts for all SS sets for (1) are restricted to fall within the YGroup1 slots, BD attempts for all SS sets for (2) are restricted to fall within the YGroup2 slots.

Proposal 5: Reuse the Rel-15/16 overbooking rules with extension to slot group dropping when PDCCH candidates/CCEs exceeds either of the UE processing limits per span.
Proposal 6: The following limits apply for multi-slot monitoring within X slots
· The maximum number of monitored PDCCH candidates per X = 4 slots for a DL BWP with 480 kHz SCS configuration for a single serving cell is 20.
· The maximum number of monitored PDCCH candidates per X = 8 slots for a DL BWP with 960 kHz SCS configuration for a single serving cell is 20.
· The maximum number of non-overlapped CCEs per X = 4 slots for a DL BWP with 480 kHz SCS configuration for a single serving cell is 32.
· The maximum number of non-overlapped CCEs per X = 8 slots for a DL BWP with 960 kHz SCS configuration for a single serving cell is 32.

Proposal 7: For each SCS 480 kHz and 960 kHz, the minimum configurable periodicity of the USS and Type3-PDCCH CSS is the smallest value X that a UE supports when reporting its multi-slot PDCCH monitoring capabilities for the corresponding SCS.
Proposal 8: Use the existing mechanism for beam configuration and activation for multi-slot PDCCH monitoring.
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