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[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _Ref494215420]Introduction
In RAN1#106bis-e meeting, the following agreements on PDCCH monitoring enhancements had been achieved: [1]
	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
· [bookmark: OLE_LINK1]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
· 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




In RAN1#106-e meeting, the following agreements on PDCCH monitoring enhancements had been achieved: [2]
	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



In this contribution, we focus on multi-slot PDCCH monitoring enhancements in the 60GHz band, including the definition of multi-slot PDCCH monitoring capability, search space configuration enhancement and search space set group switching.

[bookmark: OLE_LINK27][bookmark: OLE_LINK26][bookmark: OLE_LINK8]Discussion
Multi-slot PDCCH monitoring capability definition
In the revised WID, in addition to the 120kHz SCS, 480kHz and 960kHz SCS are also introduced for control and data channels. If UE is required to monitor PDCCH in every slot, then it is quite challenge for UE implementation to maintain the same BD/CCE budget as Rel-15 NR, because for 480kHz SCS and 960kHz SCS, the TTI of one slot is reduced to 31.25/15.625 us, which is 1/4 or 1/8 of the TTI for 120kHz SCS. Therefore, in order to relax the per-slot PDCCH monitoring capability, multi-slot PDCCH monitoring capability has been proposed. In RAN1#106bis-e meeting, slot-group based PDCCH monitoring capability had been adopted for defining the multi-slot PDCCH monitoring capability.
However, in RAN1#106bis-e meeting, only the multi-slot PDCCH monitoring capability was defined. There are still some issues such as the value of X, the value of Y, and the monitoring capability of Group (1) SS and Group (2) SS that have not been resolved. In the following sections, these issues will be discussed.

Value of X
In RAN1#106-e meeting, it was agreed that the value of X could be 4 and 8 for 480kHz SCS and 960kHz SCS respectively. Other values of X (e.g. X=[1, 2] for 480kHz SCS and X=[1, 2, 4] for 960kHz SCS) have been proposed and discussed in RAN1#106bis-e meeting, only X=4 for 960kHz SCS is adopted. A smaller value of X is considered to facilitate access to the channel as soon as possible, when gNB passes LBT. However, for X=1, it means single-slot PDCCH monitoring capability, which is against the spirit of multi-slot PDCCH monitoring capability. Furthermore, with single-slot PDCCH monitoring, the BD/CCE budget is small and high aggregation level like AL 16 may not be available for PDCCH monitoring. Hence, X=1 for 480kHz SCS or X=[1, 2] for 960kHz SCS should not be supported for multi-slot PDCCH monitoring.  
The BD/CCE budget is closely related to the values of X in multi-slot PDCCH monitoring. When the value of X can be 4 or 8 for 480kHz SCS or 960kHz SCS respectively, the duration of one slot group is equal to that of one slot with 120kHz SCS. In order to maintain the same PDCCH monitoring complexity as in 120kHz SCS, the same maximum number of monitored PDCCH candidates and non-overlapped CCEs can be applied to multi-slot PDCCH monitoring. Regarding X=2 for 480kHz SCS or X=4 for 960kHz SCS, the maximum number of monitored PDCCH candidates and non-overlapped CCEs can be scaled down to half. 

[bookmark: _Ref78227753]Table 1. Maximum number  of monitored PDCCH candidates per X slots for a DL BWP with SCS configuration  for a single serving cell.
	
	Maximum number of monitored PDCCH candidates per X slots and per serving cell 

	
	X=2
	X=4
	X=8

	5
	10
	20
	-

	6
	-
	10
	20




[bookmark: _Ref78227760]Table 2. Maximum number  of non-overlapped CCEs per X slots for a DL BWP with SCS configuration  for a single serving cell.
	
	Maximum number of non-overlapped CCEs per X slots and per serving cell 

	
	X=2
	X=4
	X=8

	5
	16
	32
	-

	6
	-
	16
	32



Proposal 1: Additional values of X could be 2 for 480kHz SCS and 4 for 960kHz SCS respectively for multi-slot PDCCH monitoring.

Definition of monitoring capability
According to the revised WID [3], in addition to 120kHz SSB, 480kHz SSB for initial access had been introduced with the limitation of supporting only 480kHz CORESET#0/Type0-PDSCH SCS. The following lists the SSB related part in revised WID:
	· In addition to 120kHz, support 480 kHz SSB for initial access with support of CORESET#0/Type0-PDCCH configuration in the MIB with following constraints:
· Limited sync raster entry numbers
· It is assumed that RAN4 supports a channelization design which results in the total number of synchronization raster entries considering both licensed and unlicensed operation in a 52.6 – 71 GHz band no larger than 665 (Note: the total number of synchronization raster entries in FR2 for band n259 + n257 is 599). If the assumption cannot be satisfied, it’s up to RAN4 to decide its applicability to bands in 52.6 – 71 GHz.
· only 480kHz CORESET#0/Type0-PDCCH SCS supported for 480 kHz SSB SCS.
· Prioritize support SSB-CORESET#0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· 960 kHz numerology for the SSB is not supported by the UE for initial access in Rel-17.
· Note: Strive to minimize specification impact by reusing tables for CORESET#0 and type0-PDCCH CSS set configuration defined for FR2 in Rel-15, as much as possible
· Note: 480 kHz is an optional SSB numerology for initial access for the UE. A UE supporting a band in 52.6-71 GHz must at least support 120 kHz SCS (for initial access and after initial access)
· Note: Dependency or lack thereof for a UE supporting 480kHz and/or 960kHz numerology for data and control to also support 480kHz SSB numerology for initial access is to be tackled as part of UE capability discussion.



Furthermore, for ANR and PCI confusion detection, only one CORESET#0/Type0-PDCCH SCS is supported for each SSB SCS, i.e., (120, 120), (480, 480) and (960, 960). 
Based on the above conclusions, the multi-slot PDCCH monitoring capability of Group (2) SS (such as CORESET#0/Type0-PDCCH CSS) needs to be solved. For SS/PBCH block and CORESET#0 multiplexing pattern 1, the PDCCH monitoring occasions are located within two consecutive slots which are associated with the SS/PBCH block. However, when the UE changes SS/PBCH block it tracks due to mobility, the relevant PDCCH monitoring occasions may be outside the YGroup1 consecutive slots, which will affect the monitoring capability of the UE. In order to keep the PDCCH monitoring occasions of Group (1) SS overlapping or adjacent to the PDCCH monitoring occasions of Group (2) SS, the same time offset to the slot group boundary should be used for the PDCCH monitoring occasions of Group (1) SS, when UE changes the monitoring occasions of Group (2) SS based on the slot index of n0. In the current specification, the monitoring occasion of Group (2) SS is switched by the MAC CE activation command to indicate a new TCI state. Therefore, a new procedure should be specified to allow the monitoring occasion of Group (1) SS to shift in the time domain  based on reception of the MAC CE activation command within an slot group. One way to achieve this is to configure a separate time offset for Group (1) SS associated with corresponding TCI state. 
Proposal 2: The monitoring occasions of Group (1) SS should overlap or be adjacent to the monitoring occasions of Group (2) SS within a slot group.
Proposal 3: The monitoring occasions of Group (1) SS should be switched, when the monitoring occasions of Group (2) SS is changed based on the n0 slot index.

Value of Y
	· 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
· 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




[bookmark: OLE_LINK7][bookmark: OLE_LINK9]In RAN1#106bis-e meeting, it was the proposed that the value of Y is determined by the equation Y=max(YGroup1, 2) slots. It can be seen from the equation that the minimum value of Y is 2. Therefore, two slots can be regarded as a minimum unit of BD/CCE budget. However, if the value of 1 is adopted for YGroup2, given that the PDCCH monitoring occasion of Group 1 overlaps with the PDCCH monitoring occasion of Group 2, then only one slot is used to locate the PDCCH within a slot group. In such case, the minimum of Y is meaningless, because only one slot is used for PDCCH monitoring occasion. On the other hand, in order to maintain the same design principles as Rel-15 CORESET#0/Type0-PDCCH CSS monitoring occasion, the value of 2 is suitable for Group 2 SS monitoring occasion.
Proposal 4: The value of YGroup2 should be 2.

Search Space enhancement
In NR, the PDCCH monitoring occasion can be configured by RRC parameter “SearchSpace”, which is listed below. 
SearchSpace ::=                         SEQUENCE {
    searchSpaceId                           SearchSpaceId,
    controlResourceSetId                    ControlResourceSetId             OPTIONAL,   -- Cond SetupOnly
    monitoringSlotPeriodicityAndOffset      CHOICE {
        sl1                                     NULL,
        sl2                                     INTEGER (0..1),
        sl4                                     INTEGER (0..3),
        sl5                                     INTEGER (0..4),
        sl8                                     INTEGER (0..7),
        sl10                                    INTEGER (0..9),
        sl16                                    INTEGER (0..15),
        sl20                                    INTEGER (0..19),
        sl40                                    INTEGER (0..39),
        sl80                                    INTEGER (0..79),
        sl160                                   INTEGER (0..159),
        sl320                                   INTEGER (0..319),
        sl640                                   INTEGER (0..639),
        sl1280                                  INTEGER (0..1279),
        sl2560                                  INTEGER (0..2559)
    }                                                                        OPTIONAL,   -- Cond Setup
    duration                                INTEGER (2..2559)            OPTIONAL,   -- Need R
    monitoringSymbolsWithinSlot             BIT STRING (SIZE (14))           OPTIONAL,   -- Cond Setup

Regarding the parameter of “monitoringSlotPeriodicityAndOffset” in “SearchSpace”, in NR Rel-15 it means the slots for PDCCH monitoring configured as periodicity and the relevant offset. For each slot group, it is better to restrict the PDCCH monitoring occasions within Y slots. Otherwise, the multi-slot PDCCH monitoring capability will be violated. Therefore, the parameter of period in “SearchSpace” should be an integer multiple of X. Meanwhile, to ensure the PDCCH monitoring occasions are located within the Y slots, the offset values in “SearchSpace” should be associated with the position of Y slots within a slot group.  
Regarding the parameter of duration in “SearchSpace”, in NR Rel-15 it refers to the number of consecutive slots that a “SearchSpace” lasts in every period. However, for 480kHz SCS and 960kHz SCS, these consecutive slots within a search space period may be located outside the Y consecutive slots within a slot group, which may violet the definition of multi-slot PDCCH monitoring capability. Therefore, a new interpretation of duration should be defined. Considering the period in “SearchSpace” is defined as the integer multiple of X, it is straight forward to interpret the duration as the number of consecutive slot groups that a “SearchSpace” lasts in every period.   
Proposal 5: The search space configuration should be enhanced to accommodate multi-slot PDCCH monitoring.

Search space set group switching
In unlicensed band, it is beneficial to access the channel as soon as possible, when gNB passes the LBT. For this reason, the PDCCH monitoring occasion needs to occur frequently in the time domain. However, frequent monitoring of PDCCH consumes a plenty of power on the UE side, which is not beneficial for UE. In order to resolve this issue, a mechanism of search space set group switching is introduced to balance the channel access possibility from gNB side and the power consumption on PDCCH monitoring of UE side. For 480kHz SCS and 960KHz SCS, assuming X=2, the duration of a slot group is 62.5/31.25 us, which is similar to the length of two or one OFDM symbol for 30kHz SCS. Thus, sufficient flexibility in channel access can be ensured even with multi-slot PDCCH monitoring. In additional, supporting slot-based PDCCH monitoring means that additional slot-based PDCCH monitoring capability need to be defined, which requires additional standardization efforts. Therefore, it is not necessary to support search space set group switching between slot-based PDCCH monitoring and multi-slot based PDCCH monitoring.  However, the balance between the channel access possibility and the power consumption on PDCCH monitoring is still needed. The periodicity of different search space set groups can be set differently, e.g.  shorter periodicity can be set for out of COT period and longer periodicity can be set for in-COT period.
Proposal 6：It is not necessary to support search space set group switching between slot-based PDCCH monitoring and multi-slot PDCCH monitoring.  
[bookmark: OLE_LINK2]Proposal 7: Search space set group switching between different search space set groups configured with different period should be supported.  

Conclusion
[bookmark: OLE_LINK39][bookmark: OLE_LINK5][bookmark: OLE_LINK4][bookmark: OLE_LINK40][bookmark: OLE_LINK3][bookmark: OLE_LINK6]In this contribution, we have discussed the definition of multi-slot PDCCH monitoring capability, search space configuration enhancement and search space set group switching. Based on the discussion in section 2, we provide the following proposals:
Proposal 1: Additional values of X could be 2 for 480kHz SCS and 4 for 960kHz SCS respectively for multi-slot PDCCH monitoring.
Proposal 2: The monitoring occasions of Group (1) SS should overlap or be adjacent to the monitoring occasions of Group (2) SS within a slot group.
Proposal 3: The monitoring occasions of Group (1) SS should be switched, when the monitoring occasions of Group (2) SS is changed based on the n0 slot index.
[bookmark: _GoBack]Proposal 4: The value of YGroup2 should be 2.
Proposal 5: The search space configuration should be enhanced to accommodate multi-slot PDCCH monitoring.
Proposal 6：It is not necessary to support search space set group switching between slot-based PDCCH monitoring and multi-slot PDCCH monitoring.  
Proposal 7: Search space set group switching between different search space set groups configured with different period should be supported.
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