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[bookmark: _Toc67653037]1	Introduction
A revised WID [1] was approved in RAN #90 to extends NR operation up to 71GHz considering, both, licensed and unlicensed operation. Among other items, the WID "Extending current NR operation to 71 GHz" includes the following RAN1 objective:
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.
With respect to PDCCH monitoring capability enhancements, it was agreed in RAN1 #106-e
Agreement:
For reporting the multi-slot PDCCH monitoring capability, at least the following values are supported:
· X=4 slots for SCS 480 kHz
· X=8 slots for SCS 960 kHz
Agreement:
· A UE supporting 480 kHz SCS supports multi-slot PDCCH monitoring for 480 kHz SCS.
· A UE supporting 960 kHz SCS supports multi-slot PDCCH monitoring for 960 kHz SCS.
· FFS: whether to apply multi-slot PDCCH monitoring at all times and for all search spaces.
It was also agreed in RAN1 #104b-e and #106-e
Agreement:
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 slots in each slot group 
· The location of the Y slots within the X slots is maintained across different slot groups
· Further discuss down-selection of Y within 1<=Y<=X/2 (both in units of slot) when X>1
· FFS: Further definition of capabilities
· FFS: The following issues for the search space configuration discussion
· Whether a slot group is aligned with a slot boundary
· Restrictions on location of the Y slots within a slot group, e.g. whether to restrict the location of a SS to be within the first Y slots within a slot group
· FFS: What the UE capability defines for monitoring within the Y slots
· 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 this contribution, we first discuss the UE PDCCH processing capabilities for new SCS. We then explore the solutions to support multi-slot PDCCH monitoring.
[bookmark: _Toc67653038]2	Discussion
2.1	Applicability of per-slot and multi-slot PDCCH monitoring
2.1.1	Clarification of multi-slot PDCCH monitoring capability budget and monitoring occasion restrictions 
In the Rel-15 mandatory PDCCH monitoring capability for UEs (FG 3-1) [4], a clear distinction is made between SS with RRC configuration and those without:
· For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot.
· [bookmark: _Hlk83913279]For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of a slot, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, Types 0, 0A, and 2 CSS configurations within any single span of three consecutive OFDM symbols within a slot.
That is, the basic slot-based PDCCH monitoring capability for Rel-15 UEs within the first 3 OS are defined for operating in the CONNECTED mode. For UEs in initial access and in the IDLE mode, it is necessary for the UEs to support more flexible monitoring occasions in order for the overall NR system operation efficiency.
On a Rel-15 PCell/PSCell, the BD/CCE budget for a slot is appropriated for monitoring CSS located within the slot, with the remaining budget utilized for monitoring USS according to ascending USS index. That is, in order to receive CSS within a slot, some or all USS of the same slot may be dropped. However, the presence of a CSS within a slot, regardless of where such a CSS locates within the slot (particularly for type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS), has no impact on the BD/CCE budget for the next slot.
[bookmark: _Toc83990420]For Rel-15 slot-based PDCCH monitoring, the BD/CCE budget for a slot is allocated for monitoring CSS located within the slot, with the remaining budget utilized for monitoring USS according to ascending USS index. 
The presence of type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS within a slot, regardless of where such a CSS locates within the slot, has no impact on the BD/CCE budget for the next slot.

For Rel-17 support of 480/960 kHz SCS, RAN1 company inputs have indicated that UE PDCCH processing capabilities per slot present challenges to maintain the same scheduling framework and flexibility as Rel-15 NR. In response, companies have proposed pooling the PDCCH processing capabilities over X slots to achieve good PDCCH monitoring capability sufficient for efficient NR system operations at such large SCS. 
Several companies have proposed that multi-slot PDCCH monitoring should be the “default” capability and can be assumed even during the idle/inactive mode operation and initial access procedure operations with 480/960 kHz SCS. However, we believe further clarification regarding the following two aspects associated with multi-slot PDCCH monitoring is necessary to converge on a reliable and efficient/feasible design of a default mode of multi-slot PDCCH monitoring operations for 480/960 kHz SCS:
1. The pooled BD/CCE budget per X-slot window
2. The restriction of monitoring occasions within Y slots/symbols per X-slot window
That is, the discussion in RAN1 using the (X, Y) terminology so far has not made clear distinction to 
1. Whether the pooled BD/CCE budget per X-slot window is applicable to (1) type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS; or (2) type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS; or (3) both?
2. Whether the restriction of monitoring occasions within Y slots/symbols per X-slot window is applicable to (1) type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS; or (2) type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS; or (3) both?

In the Rel-15 slot-based PDCCH monitoring capability, the BD/CCE budget is shared between (1) type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS; and (2) type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS as discussed in the above. To address the processing capability challenges of Rel-17 support for 480/960 kHz SCS, we agree that the pooled BD/CCE budget per X-slot window is the default PDCCH monitoring budget per X slots for UE operating with 480/960 kHz SCS to monitor both types of SS.
[bookmark: _Toc83990560]The BD/CCE budget per X-slot window is the default PDCCH monitoring budget per X=4 slots for a UE operating with 480 kHz SCS and per X=8 slots for a UE operating with 960 kHz SCS.
That is, the PDCCH monitoring budget per X slots is the shared resource for monitoring both (1) type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS; and (2) type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS.

For UEs operating in CONNECTED mode on a serving cell with 480/960 kHz SCS, multi-slot PDCCH monitoring has been discussed in Rel-17 for reducing UE processing complexity and power efficiency. It is proposed
[bookmark: _Toc83990561]For operation with 480/960 kHz SCS, the restriction of monitoring occasions within Y slots/symbols per X-slot window is applicable to type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS.

Regarding the restriction of monitoring occasions for type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, two options can be considered.
Option 1
One option is that the restriction of monitoring occasions within Y slots/symbols per X-slot window is also applicable to UEs in initial access or in IDLE mode. This view leads to the claims that the existing initial access procedures and IDLE mode operations are not compatible with multi-slot PDCCH monitoring. For instance, the Type0-PDCCH monitoring occasions are tied to the corresponding SSB/PBCH block index. Per TS 38.213, the UE monitors the Type0-PDCCH in two consecutive slots, slot  and slot . Furthermore, depending on the Type0-PDCCH monitoring configuration signalled by MIB, the monitoring occasion(s) within a slot can be either near the beginning or near the middle of the slot dependent on the SSB index. Some sources proposed to extensively modify the initial access operations:
· It is proposed that Type0-PDCCH should be monitored in slot  and slot . 
· Furthermore, if UEs’ multi-slot windows are floating and not aligned as in Alt 2 multi-slot PDCCH monitoring, the Type0-PDCCH (and associated PDSCH carrying SIB1) will need to be repeated in all slots between slot  and slot . That is, to support 64 SSB beams, it becomes necessary for the gNB to transmit the Type0-PDCCH and PDSCH carrying SIB1 64x4=256 times for the 480 kHz SCS instead of 64 times for the 120 kHz SCS.
· A new concept of CSS zone, in addition to the floating multi-slot windows for Alt 2 multi-slot PDCCH monitoring, is also proposed which further complicates the SS prioritization and dropping procedures [5]. The proposed CSS zone consists of a pre-CSS and a post-CSS windows of different sizes, which are dependent of UE capabilities. The coordination of exactly which of the repeated CSS is actually monitored by the UE needs further additional procedure and protocol changes.
Both types of proposed changes deviate substantially from the system design principles embodied in Rel-15 NR. In our view, such significant and wide-ranging changes to the fundamental NR design for initial access is not justified. In particular, the full extent of these changes’ impacts to other procedures and system operation efficiency have not been discussed/clarified to any sufficient degrees.
[bookmark: _Toc83990421]For operation with 480/960 kHz SCS, multi-slot PDCCH monitoring Alt 2 requires significant and wide-ranging changes to the fundamental NR design for initial access.

Option 2
For Rel-17 operation in the FR2-2 range, maintaining the same initial access procedures and IDLE mode operations is beneficial to reducing implementation complexity and shortening time to market. Hence, the same NR system design principle that the Rel-15 UEs are required to support more flexible monitoring occasions in initial access and in the IDLE mode should be followed for a more streamlined Rel-17 specs. Therefore, we propose
[bookmark: _Toc83990562]For operation with 480/960 kHz SCS, the restriction of monitoring occasions within Y slots/symbols per X-slot window is not applicable to type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS.
That is, for type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be within any single span of three consecutive OFDM symbols within any slot (same as Rel-15 FG 3-1).

This Rel-15 system operation approach can easily be integrated with multi-slot PDCCH monitoring Alt 1 with fixed windows. Note that, as discussed Section 2.2, the windows are aligned with radio frames and hence fixed even during initial access.
· With fixed X-slot windows, the BD/CCE budget for an X-slot window is appropriated for monitoring CSS located within the X-slots, with the remaining budget utilized for monitoring USS according to ascending USS index. The presence of type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS within an X-slot window, regardless of where such a CSS locates within the X-slot window, has no impact on the BD/CCE budget for the next X-slot window
Therefore, we propose
[bookmark: _Toc83990563]For the fixed window multi-slot PDCCH monitoring Alt 1 with 480/960 kHz SCS, the BD/CCE budget for an X-slot window is allocated for monitoring CSS located within the X slots, with the remaining budget utilized for monitoring USS according to ascending USS index. 
The presence of type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS within an X-slot window, regardless of where such a CSS locates within the X-slot window, has no impact on the BD/CCE budget for the next X-slot window.

2.1.2	Rel-17 support for per-slot and multi-slot PDCCH monitoring 
Since the beginning of the WI, progress in the multi-slot PDCCH monitoring designs has been slow. It was only agreed in the last RAN1 meeting that a UE supporting 480/960 SCS also supports multi-slot PDCCH monitoring for at least
· X=4 slots for SCS 480 kHz
· X=8 slots for SCS 960 kHz
However, further details of operating these two cases are still largely missing.
· First of all, the three Alternatives identified for multi-slot PDCCH monitoring capability definition since the beginning of the WI has yet to converge on a single design. We provide further discussion in Section 2.3 below.
· In designing the Rel-17 multi-slot PDCCH monitoring solutions, both aspects of
· In which slot(s) of a multi-slot span shall PDCCH be monitored?
· In which OFDM symbols of a monitored slot shall PDCCH be monitored?
need to be addressed jointly. 
For example, if a solution is adopted whereby all monitoring is concentrated within a single slot of an X-slot window (not our preference), then there needs to be flexibility to configure USS and CSS in different spans within the slot. For such a solution PDCCH monitoring case 1-1 would be far too restrictive and case 1-2 or case 2 would be necessary. On the other hand, if there is network flexibility to configure a UE to monitor in different slots of an X-slot window (e.g., CSS and USS in different slots), then PDCCH monitoring case 1-1 or case 1-2 would be sufficient.
Therefore, we believe it is important for RAN1 to prioritize finalizing these design details:
· Minimum supported values of Y for the respective X?
· What symbols within the Y slots for PDCCH monitoring?
· The BD/CCE budget for the X-slot window has not seen any progress in RAN1. With the end of the WI approaching, more discussion is urgently needed in this area. We provide our analysis in Section 2.4.
In addition to the support of X=4 for 480 kHz SCS and X=8 for 960 kHz SCS, several companies proposed the support of per-slot PDCCH monitoring as well as multi-slot PDCCH monitoring other than these two cases as optional UE capabilities. In our view, this distracts and slows down RAN1 from finalizing the core multi-slot PDCCH monitoring designs. Therefore, we propose
[bookmark: _Toc83990564]For operation with 480/960 kHz SCS, multi-slot PDCCH monitoring other than X=4 for 480 kHz SCS and X=8 for 960 kHz SCS is deferred until RAN1 completes the details of multi-slot PDCCH monitoring with X=4 for 480 kHz SCS and X=8 for 960 kHz SCS including at least
(1) A decision on Alt-1 vs. Alt-2 multi-slot PDCCH monitoring?
(2) The minimum supported values of Y for the respective X values?
(3) What symbols within the Y slots for PDCCH monitoring?
(4) The BD/CCE budget requirement for the X-slot window?

During the RAN1 #106e email discussion, several companies pointed out that, for per-slot PDCCH monitoring, only two aspects out of the above list need to be clarified and defined:
· What symbols within a slot for PDCCH monitoring?
· The BD/CCE budget requirement for a slot?
Companies thus proposed that per-slot PDCCH monitoring can be discussed in parallel to the above two multi-slot PDCCH monitoring cases. 
Intra-slot PDCCH monitoring case 2 capability was introduced to support mini slots (Type B PDSCH mapping) for the existing FR1/FR2 bands. However, as the following table shows, the slot duration for 480/960 kHz SCS is very short to start with. The 480/960 kHz SCS slot duration is in fact comparable to or even shorter than the duration of a 3-symbol mini-slot in 120 kHz SCS. Therefore, it is our view that there is no need to have such flexible monitoring within a slot.
	SCS [kHz]
	120
	480
	960

	Slot duration [μs]
	125
	31.25
	15.63

	Duration of 3 symbols [μs]
	26.8
	
	



The central issue for per-slot PDCCH monitoring is hence the BD/CCE budget for a slot, which as we pointed out in the above has not seen any progress in RAN1. Therefore, we propose that if per-slot PDCCH monitoring is discussed the discussion must start with the BD/CCE budget. Furthermore, we observe that in Rel-15, the CCE budget is 32 for 120 kHz, which is enough to cover (with a small margin) the requirements for monitoring Type0-PDCCH CSS (7 BDs / 28 CCEs). Hence, if optional per-slot monitoring is supported for 480/960 kHz, the BD/CCE budget can be no less than the 120 kHz value. Note further that companies motivated the introduction of the optional per-slot PDCCH monitoring on the basis of URLLC applications requiring very low latency. UEs supporting such URLCC applications should be expected to be equipped with enhanced and accelerated processing capabilities.
[bookmark: _Toc83990565]For operation with 480/960 kHz SCS, if the optional per-slot PDCCH monitoring is discussed, the discussion in RAN1 should start with defining the BD/CCE budget for a slot while ensuring that Rel-15 Type0-PDCCH monitoring requirements can be met.

In our view, the following three PDCCH monitoring cases are sufficient for operation with 480/960 kHz SCS:
· X=4 for 480 kHz SCS
· X=8 for 960 kHz SCS
· Optional per-slot monitoring for 480/960 kHz SCS
The same scheduling frequency and granularity as a 120 kHz SCS cell can be achieved with X>1 multi-slot PDCCH monitoring for 480/960 kHz SCS. For applications with low latency requirements, per-slot PDCCH monitoring with 480/960 kHz SCS can meet the same low latency achievable with mini-slots on a 120 kHz SCS cell. Furthermore, RAN1 has only agreed processing latency requirements on N1/N2/N3/Z1/Z2/Z3 for 480/960 kHz SCS that are multiples of the processing latency requirements for 120 kHz SCS. There has been no evidence or evaluation results to indicate the additional benefits of introducing other window sizes other than the above three PDCCH monitoring cases for 480/960 kHz SCS. Therefore, we propose
[bookmark: _Toc83990566]Multi-slot PDCCH monitoring window sizes X>1 other than X=4 for 480 kHz SCS and X=8 for 960 kHz SCS are not supported for Rel-17.

2.2	TDD UL/DL configuration for FR2-2 and alignment with UE multi-slot PDCCH monitoring capability windows
In Rel-16, TDD UL/DL configuration is based on a reference SCS, , and one or two UL/DL patterns (pattern1 and pattern2):
referenceSubcarrierSpacing	SubcarrierSpacing, 
pattern1	TDD-UL-DL-Pattern, 
pattern2	TDD-UL-DL-Pattern	OPTIONAL, -- Need R
Furthermore,
A UE expects that the reference SCS configuration  is smaller than or equal to a SCS configuration  for any configured DL BWP or UL BWP.
Therefore, each slot provided by pattern1 or pattern2 is applicable to  consecutive slots in the active DL BWP or the active UL BWP where the first slot starts at a same time as a first slot for the reference SCS configuration  and each downlink or flexible or uplink symbol for the reference SCS configuration  corresponds to  consecutive downlink or flexible or uplink symbols for the SCS configuration .
For FR2, the reference SCS, , is 60 or 120 kHz. Since it has been agreed to support 120, 480 or 960 kHz SCS for NR operation in 52.6 – 71 GHz, the existing FR2 TDD UL/DL configuration using either 60 or 120 kHz as the reference SCS can be reused. Under such framework, there is no issue of whether there can be misaligned UL/DL directions within the duration of a 120 kHz SCS symbol.
[bookmark: _Toc83990422]The existing TDD UL/DL configuration mechanism for FR2 (using 60 or 120 kHz reference SCS) can support the TDD UL/DL configuration for NR operation in 52.6 – 71 GHz.

For the three UE multi-slot PDCCH processing capability definitions to be discussed below, there is a need to clearly define the locations of the monitoring windows. 
In the TDD UL/DL configuration, if only one pattern is configured, the periodicity of pattern1 shall divide 20 ms evenly. If two patterns are configured, the sum of the periodicities of both patterns shall divide 20 ms evenly. As a result, the first symbol of every  period when only one pattern is configured or every  period when two patterns are configured is a first symbol in an even frame. 
Therefore, this first symbol in an even frame can be used as the start of the first PDCCH processing capability window. All subsequent monitoring windows are defined with the specific window advancing offsets in the three respective UE multi-slot PDCCH processing capability definitions. For Alt 1, the window advancing offset is fixed for a cell. If X=4 for a 480 kHz SCS cell or if X=8 for a 960 kHz SCS cell, the multi-slot PDCCH processing capability windows for Alt 1 are aligned with the slots of a 120 kHz SCS cell.
[bookmark: _Ref77592662][bookmark: _Toc83990567]The PDCCH processing capability window for Alt 1 starts from the first symbol in an even frame to align with the TDD UL/DL configuration.
[bookmark: _Toc83990423]For X=4 with 480 kHz SCS and X=8 with 960 kHz SCS, the multi-slot PDCCH processing capability windows for Alt 1 are aligned with the slots of a 120 kHz SCS cell.

[bookmark: _Toc67653039]2.3	Multi-slot PDCCH monitoring designs
In the current specs for every-slot PDCCH monitoring, 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
· PDCCH monitoring in any span of Y consecutive OFDM symbols (including crossing a slot boundary) as long as the span satisfies the (X,Y) capability of the UE, where X = number of symbols between starting OFDM symbol of two consecutive spans.
In designing the Rel-17 multi-slot PDCCH monitoring solutions, both aspects shall hence be addressed jointly:
· In which slot(s) of a multi-slot span shall PDCCH be monitored?
· In which OFDM symbols of a monitored slot shall PDCCH be monitored?
It should be emphasized these two aspects need to be addressed jointly for a prospective solution. For example, if a solution is adopted whereby all monitoring is concentrated within a single slot of an X-slot window (not our preference), then there needs to be flexibility to configure USS and CSS in different spans within the slot. For such a solution Case 1-1 would be far too restrictive. On the other hand, if there is network flexibility to configure a UE to monitor in different slots of an X-slot window (e.g., CSS and USS in different slots), then case 1-1 and/or 1-2 would probably be sufficient.
[bookmark: _Toc83990568]In defining a solution for Rel-17 multi-slot PDCCH monitoring, both intra- and inter-slot monitoring aspects shall be addressed jointly:
· [bookmark: _Toc83990569]In which slot(s) of a multi-slot span shall PDCCH be monitored?
· [bookmark: _Toc83990570]In which OFDM symbols of a monitored slot shall PDCCH be monitored?

From the per-slot PDCCH processing capability discussion, it becomes clear that reducing the periodicity of PDCCH monitoring at the UE side can allow more time for the UE to process the PDCCH candidates. PDCCH monitoring per multiple slots is in fact supported in Rel-15 specs already. In the configuration of SearchSpace, the monitoring periodicity and the offset within the periodicity can be configured using the parameter which allows the periodicity to be configured as 1, 2, 4, 5, 8, 10, … slots up to a maximum of 12560 slots.
However, it is important to simultaneously consider both UE capability and gNB/network scheduling flexibility. What is needed from a gNB point of view is to be able to stagger USSs for different UEs in different slots, recognizing that a slot containing CSS is common for all users. In this sense, a multi-slot BD/CCE budget should be able to be spread across the slots of the multi-slot span. This is illustrated in Figure 2.
In summary, the flexibility on the network level to distribute the multi-slot PDCCH processing capabilities of a UE over multiple slots allows the network to optimize the various requirements from different UEs and network in terms of capabilities, latency requirements and PDCCH resource capacities.
Based on the above discussion, we propose
[bookmark: _Toc83990571]Solutions to support multi-slot PDCCH monitoring for Rel-17 NR should consider the benefits and impacts to both UEs and gNBs. The solutions shall allow the network to distribute the multi-slot PDCCH monitoring/processing loads for different types of UEs flexibly across the multiple slots.

2.3.1	Selection of Y values for multi-slot PDCCH monitoring Alt 1 and Alt 2
Case of Y ≤ 1 slot
If PDCCH monitoring is restricted to one slot within each X-slot window, it becomes necessary to utilize more OFDM symbols in the slot to multiplex different UEs on CORESETs with different time locations as illustrated in Figure 1 below. A UE will need to be able to monitor CSS in one CORESET and USS in a different CORESET that are not necessarily contiguous in time, either. That is, intra-slot Case 2 monitoring capability support will be mandatory if Y ≤ 1 slot. This is because the UE may also need to monitor the CSS and USS in the same slot and the SS may be separated by more than three OS span allowed in intra-slot Case 1-2.

[bookmark: _Toc83990572]For multi-slot PDCCH monitoring with 480/960 kHz SCS and X>1, it is mandatory for the UE to support intra-slot PDCCH monitoring capability Case 2 if Y ≤ 1 slot.
 [image: ]
[bookmark: _Ref83989126]Figure 1: Multi-slot PDCCH monitoring according to Y ≤ 1 slot, assuming Case 2 monitoring within a slot.
Case of Y > 1 slot
If more than one slot within each X-slot window is available for the network to distribute the USS for different UEs across different slots, PDCCH load congestion can be avoided while accounting for the latency requirements of the UEs. This is illustrated in Figure 2. Furthermore, with additional PDCCH resource across multiple slots, intra-slot monitoring capability Case 1-1 or Case 1-2 can be set as the minimum requirement.

[bookmark: _Toc83990573]For multi-slot PDCCH monitoring with 480/960 kHz SCS and X>1, intra-slot PDCCH monitoring capability Case 1-1 or Case 1-2 can be considered as the minimum UE requirement if Y > 1 slot.
 [image: ]
[bookmark: _Ref83980619]Figure 2: Multi-slot PDCCH monitoring according to Y > 1 slot, assuming Case 1-2 monitoring within a slot.

[bookmark: _Toc67653041]2.3.2	Alt 1: A fixed pattern of X-slot groups
In this proposed solution, a fixed pattern of non-overlapping slot groups (X slots per group) is considered. The organization of these X-slot groups likely needs to align with the radio frame boundaries such as one illustrated below.
[image: ]
Based on the analysis and discussion presented in Section 2.1.1, we propose to further clarify the following bullet regarding the operation of multi-slot PDCCH monitoring Alt 1:
· The capability indicates the BD/CCE budget within Y consecutive slots in each slot group 
· The location of the Y slots within the X slots is maintained across different slot groups
That is, we proposed the following clarification for multi-slot PDCCH monitoring Alt 1:

[bookmark: _Toc83990574]For multi-slot PDCCH monitoring Alt 1 with 480/960 kHz SCS, the BD/CCE budget for slot group is clarified as follows:
· [bookmark: _Toc83990575]The capability indicates the BD/CCE budget within Y consecutive slots in each X-slot group for monitoring
· [bookmark: _Toc83990576]Type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS within Y consecutive slots 
· [bookmark: _Toc83990577]The location of the Y slots within the X slots is maintained across different slot groups
· [bookmark: _Toc83990578]Type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS in any 3 consecutive symbols of a slot (as in Rel-15 FG 3-1) 

Incorporating the above proposed clarification, the Alt 1 operation is described as follows:
· 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 slots in each X-slot group for monitoring
· Type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS within Y consecutive slots
· The location of the Y slots within the X slots is maintained across different slot groups
· Type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS in any 3 consecutive symbols of a slot (as in Rel-15 FG 3-1)
· Further discuss down-selection of Y within 1<=Y<=X/2 (both in units of slot) when X>1
· FFS: Further definition of capabilities
· FFS: The following issues for the search space configuration discussion
· Whether a slot group is aligned with a slot boundary
· Restrictions on location of the Y slots within a slot group, e.g. whether to restrict the location of a SS to be within the first Y slots within a slot group
· FFS: What the UE capability defines for monitoring within the Y slots

In the last RAN1 meeting, the operation of multi-slot PDCCH monitoring Alt 1 has been clarified that the location of the Y slots within the X slots is maintained across different slot groups. Several companies provided views during the RAN1 #106e email discussion regarding the following FFS:
· Restrictions on location of the Y slots within a slot group, e.g., whether to restrict the location of a SS to be within the first Y slots within a slot group
Note that, as long as Y≤X/2 is fixed within the X-slot windows, back-to-back PDCCH processing overloading is avoided. Hence, several companies expressed the view that, as long as the Y-slot location within each X-slot window is maintained, there is no particular necessary conditions favoring, e.g., the first Y slots within each X-slot window vs the last Y slots. We agree with this analysis in general.
However, the equivalence between the possible locations of Y slots may further offer system configuration and operation complexity reduction benefits. That is, e.g., fixing the Y slots to be always at the beginning of each X-slot windows may allow simpler configuration parameters and protocols. In our view, restricting Y to be the first slots of the X-slot group and be the same for all UEs is no worse in terms of network flexibility than for the mandatory monitoring capability defined in Rel-15/16 for 120 kHz SCS. Observing that RAN1 has only agreed to processing latency requirements (in terms of μs) for 480/960 kHz SCS on the same level as for 120 kHz SCS, there is no evidence or evaluation result to indicate the necessity or utility of much more SS configuration flexibility alone.

[bookmark: _Toc83990579]For multi-slot PDCCH monitoring Alt 1 with 480/960 kHz SCS, RAN1 to consider restricting Y slots to be at the beginning of each X-slot windows for type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS as an approach to simplify multi-slot PDCCH monitoring configuration parameters and protocols as well as to reduce implementation complexity.

[bookmark: _Toc67653042]2.3.3	Alt 2: Extension of pdcch-Monitoring-r16, (X, Y) span
Alt 2 is based on PDCCH monitoring per-span as described in 38.213 Section 10 for the case that the UE is configured with monitoringCapabilityConfig = r16monitoringcapability. With per-span monitoring in Rel-16, several (X,Y) combinations are supported, specifically (2,2) (4,3) (7,3). All PDCCH monitoring occasions shall be located within Y consecutive symbols defined as the span. For Alt-2, the same framework is proposed, but with values of X and Y that can take values greater than 14 OS to cover several slots. Whether (X,Y) is measured in symbols or slots is still an open question.
The main difference between Alt 2 and Alt 1 is that the time duration X is floating/sliding such that Alt 2 may support PDCCH monitoring in more flexible slot locations. However, such flexibility offered by the floating spans can induce several system operation and complexity issues.
1. Difficulty of handling existing NR initial access / IDLE mode operations without extensive specifications and implementation changes to both UE and gNB.
2. The complexity of PDCCH monitoring load checking using the floating spans on a single cell.
3. The complexity of PDCCH monitoring load checking using the floating spans across multiple cells.
Details of issue #1 has been analyzed in Section 2.1.1. We further discuss issues #2 and #3 below.

The complexity of PDCCH monitoring load checking using the floating spans on a single cell
It has been emphasized by proponent companies of Alt 2 that X is the minimum separation between the start of two consecutive spans. However, there is not a fixed rule on where this “first monitoring occasion” of a group of monitoring occasions is located. 
For example, the PDCCH monitoring configuration for UE5 shown below in Figure 3 seems to be forbidden under Alt 2 (X=56, Y=28) OS according to the delineation of monitoring occasion groups also shown in the figure.
[image: ]
[bookmark: _Ref83989174]Figure 3: Is this type of multi-slot PDCCH monitoring configuration NOT supported according to Alt 2 for (X=56, Y=28) OS?
However, the same PDCCH monitoring configuration becomes allowed under Alt 2 (X=56, Y=28) OS when viewed according to the alternative delineation of monitoring occasion groups shown in Figure 4.
[image: ]
[bookmark: _Ref83989186]Figure 4: Is this type of multi-slot PDCCH monitoring configuration supported according to Alt 2 for (X=56, Y=28) OS?
In summary, whether a particular PDCCH monitoring configuration is allowed under Alt 2 requires PDCCH processing load checking according to several different delineations of monitoring occasion groups. The questions are then 
· What is the complexity of searching through all these possible delineations?
· How different is this searching through all possible delineations of monitoring occasion groups than the sliding windows originally proposed in Alt 3?
The monitoring occasion group delineation question is important to clarify because it affects the range of possible PDCCH monitoring configurations. The principle of determining why a certain configuration is or is not allowed should also be clarified in RAN1.

[bookmark: _Toc83990424]For PDCCH monitoring load checking using the floating spans under Alt 2, there are multiple possible “first monitoring occasions” of groups of monitoring occasions or, equivalently, multiple delineations of monitoring occasion groups that can give opposite answers to whether a particular PDCCH monitoring configuration is allowed or not. It is necessary to check several different delineations of monitoring occasion groups under Alt 2 which brings about complexity and similarity to the originally proposed Alt 3 based on a sliding window. The multiple possible delineations also raise issues on how exactly to handle PDCCH overbooking/dropping under Alt 2.

Another way to analyze the above raised checking issue is the slot bitmap needed for PDCCH monitoring load checking. This issue has so far not be discussed/clarified to any sufficient degree in RAN1. Similar to the symbol bitmap to determine whether the Rel-15 (X,Y) spans are satisfied, a slot bitmap of length M will need to be computed to support Alt 2 in general (see, e.g., [6]). As a starter, M is a multiple of X and needs to large enough to accommodate the longest configured SS periodicity as well as the common multipliers of all configured SS periodicities. Given some companies are considering very flexible SS periodicities (Z > X and Z is not an integer multiple of X), how large this bitmap needs to be should be discussed/clarified. For example, should M be set to two radio frames to handle all possible configuration possibilities (i.e., M=640 slots for 480 kHz SCS and M=1280 slots for 960 kHz SCS)? Note that this bitmap is also used to determine how and which SS should be dropped.
In contrast, Alt 1 with fixed Y locations leads independent X-slot groups. The PDCCH monitoring load of one X-slot group has no impact on the preceding or subsequent X-slot groups. In other words, for Alt 1 with fixed Y locations, the monitoring checking bitmap length M is exactly X slots.

[bookmark: _Toc83990425]For PDCCH monitoring load checking using the floating spans under Alt 2, a large slot bitmap needs to be computed, particularly when the SS periodicity configuration is fully flexible (e.g., coprime with the span size X).

The complexity of PDCCH monitoring load checking using the floating spans across multiple cells
The floating span flexibility may also cause additional PDCCH monitoring capability misalignment/overburden issues when multiple serving cells are active [3]. That is, 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. 
[image: ]
Figure 5: Example of non-aligned spans across CCs in Alt 2 [3].
On the other hand, Alt 1 duration X is fixed and aligned with the radio frames as discussed in Proposal 8 for all CCs.
[image: ]
Figure 6: Example of aligned spans across CCs in Alt 1 [3].

[bookmark: _Toc83990426]Compared to Alt 1, the float monitoring capability spans of Alt 2 introduce additional monitoring capability misalignment/overburden issues when multiple serving cells are active. As a result, additional PDCCH processing load restriction/checking will need to be defined for Alt 2 to handles these cases.

[bookmark: _Toc67653044]2.4	Capability scaling for per-slot and multi-slot PDCCH monitoring for MBB applications
In this section, we first provide estimate of UE per-slot PDCCH processing capabilities for 480 and 960 kHz SCS for MBB applications. We then discuss the PDCCH processing capabilities for multiple slots. The discussion is applicable to both alternatives for defining UE multi-slot PDCCH processing capabilities discussed in Section 2.3.
[bookmark: _Toc67653045]2.4.1	Per-slot PDCCH processing capabilities for 480/960 kHz SCS MBB applications
With short OFDM symbol durations associated with large SCSs, the amount of time for UE and gNB to perform several critical operations can become quite challenging. Consider the UE PDCCH processing capabilities specified in Section 10.1 of TS 38.213 in terms of number of blind decodes in Table 10.1-2 and number of CCEs in Table 10.1-3. For both sets of PDCCH processing capabilities, the quantities shrink exponentially with SCS (value of µ). 
Table 10.1-2: Maximum number [image: ] of monitored PDCCH candidates per slot for a DL BWP with SCS configuration [image: ] for a single serving cell
	[image: ]
	Maximum number of monitored PDCCH candidates per slot and per serving cell [image: ]

	0
	44

	1
	36

	2
	22

	3
	20



Table 10.1-3: Maximum number [image: ] of non-overlapped CCEs per slot for a DL BWP with SCS configuration [image: ] for a single serving cell
	[image: ]
	Maximum number of non-overlapped CCEs per slot and per serving cell [image: ]

	0
	56

	1
	56

	2
	48

	3
	32



As a first step to start the processing timeline discussion, we fit simple formulae to the Rel-15 processing capabilities as the benchmarks for NR operation in 52.6 to 71 GHz. The Rel-15 PDCCH processing capabilities per slot can be fitted to simple formulae to obtain initial benchmarks for further discussion. Using the minimum mean absolute deviation fitting, the fitted PDCCH processing capabilities per slot are shown as follows:

[bookmark: _Hlk61353668]The formula was optimized to minimize the mean absolute deviation from the Rel-15 values. The fitted formulae clearly exhibit exponential reduction in UE PDCCH processing capabilities with higher numerologies as can be further observed in Figure 7. Since  for  and  are identical, the fitting uses a nominal  to pair with  as input.
[image: ]
[bookmark: _Ref60921413][bookmark: _Hlk61354178]Figure 7: Extrapolated  and  values per slot for MBB applications
The extrapolated UE PDCCH processing capabilities in Figure 7 are tabulated in  Table 1 as a function of SCS. The numbers indicate there may be doubts on whether the UE operating with a SCS such as 960 kHz SCS can support even one AL-16 PDCCH considering the need to configure a number of common and UE specific search spaces with various aggregation levels.
[bookmark: _Ref60824877] Table 1: Extrapolated  and  values per slot for MBB applications
	SCS [kHz]
	15
	30
	60
	120
	480
	960

	
	44
	36
	22
	20
	
	

	BD Estimate
	44
	34
	26
	20
	12
	9

	
	
	
	
	
	
	

	SCS [kHz]
	15*20.5 (Nominal, used for fitting)
	60
	120
	480
	960

	
	56
	48
	32
	
	

	CCE Estimate
	56
	40
	32
	20
	16



[bookmark: _Toc67653046]2.4.2	Multi-slot PDCCH processing capabilities for 480/960 kHz SCS for MBB applications
In this section, we discuss two possible solutions to define bundled UE PDCCH processing capabilities when PDCCH monitoring per multiple slots is deployed.
The potential reduction of UE PDCCH processing capabilities per slot shown previously presents difficulties to maintain the same scheduling framework and flexibility as Rel-15 NR. It would impose substantial negative impacts to Rel-17 NR operation in 52.6 – 71 GHz if the UE PDCCH processing capabilities per multi-slot monitoring period remain as restrictive when the UE is configured to monitor the PDCCH every  slots. Therefore, it will be beneficial for NR operation in 52.6 – 71 GHz to scale UE PDCCH processing capabilities per -slots with the window size :



[bookmark: _Toc83990427]A first approach to define the UE PDCCH processing capabilities when PDCCH monitoring per multiple slots is deployed for larger SCS is to scale the UE PDCCH processing capabilities per  slots with the window size . That is, the bundled UE PDCCH processing capabilities are  and .

With this first capability scaling solution, it is in principle possible to support any window size. However, it may be difficult or impractical for UE implementation to optimize the hardware and software timelines to support various required UE processing capabilities associated with arbitrary flexible window sizes. It will be beneficial for RAN1 to narrow down the window size values to those beneficial to system operations such that the specs and implementation are not over-burdened.
Toward narrowing down the supported PDCCH monitoring window values, a second possible solution is to maintain the same scheduling framework and capacity as a 120 kHz SCS system for larger SCS with PDCCH monitoring per multiple slots. For instance, PDCCH monitoring every  slots can be deployed for 480 kHz SCS. The UE PDCCH processing capabilities per 4-slot monitoring window can then be defined as


Similarly, the UE PDCCH processing capabilities per 8-slot monitoring window for 960 kHz SCS can then be defined as


In other words, the UE capability for BD/CCE per X-slot window for a larger SCS (480 or 960 kHz) with the same duration as a slot with 120 kHz SCS is the same as the per-slot capability for 120 kHz SCS.

[bookmark: _Toc83990428]A second approach to define the bundled UE PDCCH processing capabilities when PDCCH monitoring per multiple slots is deployed for larger SCS with a PDCCH monitoring frequency equal to that of 120 kHz SCS is to maintain the same UE processing capabilities per-slot as in a 120 kHz SCS system. That is, the bundled UE PDCCH processing capabilities are , and .

Figure 8 shows the BD and CCE budgets per B slots for Capability Scaling Solutions 1 and 2 assuming X = 4 for 480 kHz and X = 8 for 960 kHz. It can be further discussed what values to define within the range provided by these two solutions.
[bookmark: _Hlk83807501][image: Chart, line chart

Description automatically generated]
[bookmark: _Ref68084604]Figure 8: BD and CCE budgets per slot and scaled values per B-slots (B = 4 for 480 kHz and B = 8 for 960 kHz). 

With Rel-17 work approaching closing, RAN1 should strive to progress in the multi-slot PDCCH processing capabilities for 480/960 kHz SCS. Toward this end, we propose the following starting exemplary lower and upper bounds as the starting point for RAN1 discussion:
· 480 kHz SCS with window size of X=4
· 
· 
· 960 kHz SCS with window size of X=8
· 
· 
Note that the capabilities of a UE supporting 960 kHz SCS can be higher than those for supporting only 480 kHz SCS since the former is equipped with higher processing powers to address larger bandwidths with shorter OFDM symbol and slot times.

[bookmark: _Toc83990580][bookmark: _Ref79163691]RAN1 agrees to the following multi-slot PDCCH processing capability ranges for 480/960 kHz SCS as the starting point to progress the Rel-17 specification effort:
· [bookmark: _Toc83990581]480 kHz SCS with window size of X=4:  and .
· [bookmark: _Toc83990582]960 kHz SCS with window size of X=8:  and .
[bookmark: _Toc67653048]Conclusion
In this paper we made the following observations: 
Observation 1	For Rel-15 slot-based PDCCH monitoring, the BD/CCE budget for a slot is allocated for monitoring CSS located within the slot, with the remaining budget utilized for monitoring USS according to ascending USS index.
The presence of type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS within a slot, regardless of where such a CSS locates within the slot, has no impact on the BD/CCE budget for the next slot.
Observation 2	For operation with 480/960 kHz SCS, multi-slot PDCCH monitoring Alt 2 requires significant and wide-ranging changes to the fundamental NR design for initial access.
Observation 3	The existing TDD UL/DL configuration mechanism for FR2 (using 60 or 120 kHz reference SCS) can support the TDD UL/DL configuration for NR operation in 52.6 – 71 GHz.
Observation 4	For X=4 with 480 kHz SCS and X=8 with 960 kHz SCS, the multi-slot PDCCH processing capability windows for Alt 1 are aligned with the slots of a 120 kHz SCS cell.
Observation 5	For PDCCH monitoring load checking using the floating spans under Alt 2, there are multiple possible “first monitoring occasions” of groups of monitoring occasions or, equivalently, multiple delineations of monitoring occasion groups that can give opposite answers to whether a particular PDCCH monitoring configuration is allowed or not. It is necessary to check several different delineations of monitoring occasion groups under Alt 2 which brings about complexity and similarity to the originally proposed Alt 3 based on a sliding window. The multiple possible delineations also raise issues on how exactly to handle PDCCH overbooking/dropping under Alt 2.
Observation 6	For PDCCH monitoring load checking using the floating spans under Alt 2, a large slot bitmap needs to be computed, particularly when the SS periodicity configuration is fully flexible (e.g., coprime with the span size X).
Observation 7	Compared to Alt 1, the float monitoring capability spans of Alt 2 introduce additional monitoring capability misalignment/overburden issues when multiple serving cells are active. As a result, additional PDCCH processing load restriction/checking will need to be defined for Alt 2 to handles these cases.
Observation 8	A first approach to define the UE PDCCH processing capabilities when PDCCH monitoring per multiple slots is deployed for larger SCS is to scale the UE PDCCH processing capabilities per  slots with the window size . That is, the bundled UE PDCCH processing capabilities are  and .
Observation 9	A second approach to define the bundled UE PDCCH processing capabilities when PDCCH monitoring per multiple slots is deployed for larger SCS with a PDCCH monitoring frequency equal to that of 120 kHz SCS is to maintain the same UE processing capabilitiesper-slot as in a 120 kHz SCS system. That is, the bundled UE PDCCH processing capabilities are , and .
Based on the discussion in the previous sections we propose the following:
Proposal 1	The BD/CCE budget per X-slot window is the default PDCCH monitoring budget per X=4 slots for a UE operating with 480 kHz SCS and per X=8 slots for a UE operating with 960 kHz SCS. 
That is, the PDCCH monitoring budget per X slots is the shared resource for monitoring both (1) type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS; and (2) type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS.
Proposal 2	For operation with 480/960 kHz SCS, the restriction of monitoring occasions within Y slots/symbols per X-slot window is applicable to type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS.
Proposal 3	For operation with 480/960 kHz SCS, the restriction of monitoring occasions within Y slots/symbols per X-slot window is not applicable to type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS. 
That is, for type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be within any single span of three consecutive OFDM symbols within any slot (same as Rel-15 FG 3-1).
Proposal 4	For the fixed window multi-slot PDCCH monitoring Alt 1 with 480/960 kHz SCS, the BD/CCE budget for an X-slot window is allocated for monitoring CSS located within the X slots, with the remaining budget utilized for monitoring USS according to ascending USS index.  
The presence of type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS within an X-slot window, regardless of where such a CSS locates within the X-slot window, has no impact on the BD/CCE budget for the next X-slot window.
Proposal 5	For operation with 480/960 kHz SCS, multi-slot PDCCH monitoring other than X=4 for 480 kHz SCS and X=8 for 960 kHz SCS is deferred until RAN1 completes the details of multi-slot PDCCH monitoring with X=4 for 480 kHz SCS and X=8 for 960 kHz SCS including at least 
(1) A decision on Alt-1 vs. Alt-2 multi-slot PDCCH monitoring? 
(2) The minimum supported values of Y for the respective X values? 
(3) What symbols within the Y slots for PDCCH monitoring? 
(4) The BD/CCE budget requirement for the X-slot window?
Proposal 6	For operation with 480/960 kHz SCS, if the optional per-slot PDCCH monitoring is discussed, the discussion in RAN1 should start with defining the BD/CCE budget for a slot while ensuring that Rel-15 Type0-PDCCH monitoring requirements can be met.
Proposal 7	Multi-slot PDCCH monitoring window sizes X>1 other than X=4 for 480 kHz SCS and X=8 for 960 kHz SCS are not supported for Rel-17.
Proposal 8	The PDCCH processing capability window for Alt 1 starts from the first symbol in an even frame to align with the TDD UL/DL configuration.
Proposal 9	In defining a solution for Rel-17 multi-slot PDCCH monitoring, both intra- and inter-slot monitoring aspects shall be addressed jointly:
	In which slot(s) of a multi-slot span shall PDCCH be monitored?
	In which OFDM symbols of a monitored slot shall PDCCH be monitored?
Proposal 10	Solutions to support multi-slot PDCCH monitoring for Rel-17 NR should consider the benefits and impacts to both UEs and gNBs. The solutions shall allow the network to distribute the multi-slot PDCCH monitoring/processing loads for different types of UEs flexibly across the multiple slots.
Proposal 11	For multi-slot PDCCH monitoring with 480/960 kHz SCS and X>1, it is mandatory for the UE to support intra-slot PDCCH monitoring capability Case 2 if Y ≤ 1 slot.
Proposal 12	For multi-slot PDCCH monitoring with 480/960 kHz SCS and X>1, intra-slot PDCCH monitoring capability Case 1-1 or Case 1-2 can be considered as the minimum UE requirement if Y > 1 slot.
Proposal 13	For multi-slot PDCCH monitoring Alt 1 with 480/960 kHz SCS, the BD/CCE budget for slot group is clarified as follows:
	The capability indicates the BD/CCE budget within Y consecutive slots in each X-slot group for monitoring
	Type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS within Y consecutive slots
	The location of the Y slots within the X slots is maintained across different slot groups
	Type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS in any 3 consecutive symbols of a slot (as in Rel-15 FG 3-1)
Proposal 14	For multi-slot PDCCH monitoring Alt 1 with 480/960 kHz SCS, RAN1 to consider restricting Y slots to be at the beginning of each X-slot windows for type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS as an approach to simplify multi-slot PDCCH monitoring configuration parameters and protocols as well as to reduce implementation complexity.
Proposal 15	RAN1 agrees to the following multi-slot PDCCH processing capability ranges for 480/960 kHz SCS as the starting point to progress the Rel-17 specification effort:
	480 kHz SCS with window size of X=4:  and 
	960 kHz SCS with window size of X=8:  and 
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