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Introduction

In RAN1#107-e meeting, the following agreements on PDCCH monitoring enhancements had been achieved: [1]
	Agreement
For Group (1) SS: Type 1 CSS with dedicated RRC configuration and type 3 CSS, UE specific SS
A SS is monitored within Y consecutive slots within a slot group of X slots

The Y consecutive slots can be located anywhere within the slot group of X slots

Note: There is no requirement to align the Y consecutive slots across UEs or with slot n0

The location of the Y consecutive slots within the slot group of X slots is maintained across different slot groups

BD attempts for all Group (1) SSs are restricted to fall within the same Y consecutive slots

For Group (2) SS: Type 1 CSS without dedicated RRC configuration and type 0, 0A, and 2 CSS
SS monitoring locations can be anywhere within a slot group of X slots, with the following exception

BD attempts for Type0-CSS for SSB/CORESET 0 multiplexing pattern 1, and additionally for Type0A/2-CSS if searchSpaceId = 0, occur in slots with index n0 and n0+X0, where n0 is as in Rel-15, X0=4 for 480 kHz SCS and X0=8 for 960 kHz SCS.

Supported combinations of (X,Y)

A UE capable of multi-slot monitoring mandatorily supports

For SCS 480 kHz: (X,Y) = (4,1)

For SCS 960 kHz: (X,Y) = (8,1)

A UE capable of multi-slot monitoring optionally supports

For SCS 480 kHz: (X,Y) = (4,2)

For SCS 960 kHz: (X,Y) = (8,4), (4,2), (4,1)

Working assumption: BD/CCE budget for (4,2), (4,1) is half that of X=8

A UE capable of multi-slot monitoring mandatorily supports the following PDCCH monitoring within Y slots

For Y>1: FG3-1 (monitoring Group (1) SSs in the first 3 OFDM symbols of each of the Y slots)

For 960 kHz SCS For Y=1: FG3-5b with set1 = (7, 3)

[FL Note: The first number is the minimum gap in symbols between the start of two spans, the second number is the span duration in symbols (cf. TS 38.822)]

For 480 kHz SCS For Y=1: FG3-5b with set2 = (4, 3) and (7, 3) with a modification with maximum two monitoring spans in a slot

[FL Note: The first number is the minimum gap in symbols between the start of two spans, the second number is the span duration in symbols (cf. TS 38.822)]

The following supersedes FG3-5b and FG3-1 definition:

Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot group of X slots per scheduled CC for FDD

Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot group of X slots per scheduled CC for TDD

Working assumption
The following values are adopted as minimum value of [image: image2.png]


 for 120/480/960 kHz

Support only search space set group switching processing capability 1 with the following values
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Agreement
SS set overbooking can be allowed with multi-slot PDCCH monitoring capability same as the current specification but applied per slot group, i.e., SS set overbooking is allowed for USS in PCell and PSCell, and UE expects no overbooking for CSS in PCell and PSCell and no overbooking in SCell.

The dropping rule for multi-slot PDCCH monitoring capability is the same as the current specification but evaluated per slot group, i.e., a UE drops UE specific search space set(s) in a slot group with higher index when SS sets are overbooked.

Additional dropping rules are not precluded


In this contribution, we focus on the remaining issues of 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.
Discussion
Multi-slot PDCCH monitoring capability definition
In the revised WID [2], 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. In RAN1#107-e meeting, the joint way forward of the multi-slot PDCCH monitoring capability and search space configuration was defined. However, there are still some issues such as the BD/CCE budget for combination (4, 1) (4, 2), and the back-to-back issue due to the changes of the monitoring occasion of  the Group (2) SS that have not been resolved. In the following sections, these issues will be discussed.

BD/CCE budget for combination of (X, Y)
In RAN1#107-e meeting, it was agreed that the value of X could be 4 and (4, 8) for 480kHz SCS and 960kHz SCS respectively. 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=4 for 960kHz SCS, the maximum number of monitored PDCCH candidates and non-overlapped CCEs can be scaled down to half. 
Table 1. Maximum number [image: image6.png]


 of monitored PDCCH candidates per X slots for a DL BWP with SCS configuration 
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	Maximum number of monitored PDCCH candidates per X slots and per serving cell [image: image9.png]




	
	X=4
	X=8

	5
	20
	-

	6
	10
	20


Table 2. Maximum number [image: image10.png]


 of non-overlapped CCEs per X slots for a DL BWP with SCS configuration 
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	Maximum number of non-overlapped CCEs per X slots and per serving cell [image: image13.png]




	
	X=4
	X=8

	5
	32
	-

	6
	16
	32


Proposal 1: Confirm the working assumption that the maximum number of PDCCH candidates and the maximum number of non-overlapped CCEs should be 10 and 16 for combination (4, 2), (4, 1).

Additional dropping rules
In the current specification, slot-group based PDCCH monitoring capability has been specified and the overbooking rule is performed on slot group basis. With these methods, UE can handle the slot-group based PDCCH detection very well. However, when the PDCCH monitoring occasions change, the UE may need to perform PDCCH detection on consecutive slots belonging to different slot groups, which may result in the UE being unable to perform blind detection in time. For example, for SS/PBCH block and CORESET#0 multiplexing pattern 1, the PDCCH monitoring occasions are located within two consecutive slot groups 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 changed based on the slot index of n0. In a special case, for the Type0 CSS or Type0A/Type 2 CSS if “searchSpaceId=0”, the PDCCH monitoring occasions may be changed to the end of the slot group. If the PDCCH monitoring occasions of the Group (1) SS are located in the first slot of an adjacent slot group, then the requirement for the PDCCH detection capability of the UE is almost doubled, which may exceed the BD/CCE limit of the UE. Considering that it is difficult for gNB to avoid this back-to-back issue, it is better to drop the USS in these adjacent slot groups to ensure that the UE’s PDCCH detection budget does not exceed its BD/CCE limit.
Proposal 2: Drop the USS with the higher index in these adjacent slot groups, when back-to-back issue happens.
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 3: For multi-slot PDCCH monitoring, the search space configuration should be in units of  slot group.
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.

Regarding the parameter [image: image14.png]Poieon



, in NR-U the value of [image: image15.png]Poieon



 is based on SPS release timeline. For 120kHz SCS, the value of  SPS release timeline is 25 symbols. Considering the implementation margin, 40 symbols is reasonable for 120kHz SCS. Then, the values for 480/960kHz SCS can be directly scaled by a factor of 4/8.
Furthermore, when SSSG switching operates on a slot group basis, it is also necessary to determine to which slot the switching operation applies. When reusing the Rel 16 rule, if the first slot after the time of [image: image16.png]Poieon



 symbols is in the middle of the slot group, some potential issues may arise. Considering the SS set configuration can be switched in a slot group, the UE may be required to monitor two search space set groups during a slot group, in that case the BD/CCE budget may exceed the the limitation of the UE. As a result, unnecessary search space dropping occurs. Therefore, SSSG switching mechanism should take the slot group as the unit. 
Proposal 4: Confirm the working assumption that the value of [image: image17.png]) S



 should be 40, 160, 320 respectively for 120/480/960 kHz SCS.
Proposal 5: SSSG switching mechanism should take the slot group as the unit.
Conclusion

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: Confirm the working assumption that the maximum number of PDCCH candidates and the maximum number of non-overlapped CCEs should be 10 and 16 for combination (4, 2), (4, 1).

Proposal 2: Drop the USS with the highest index in these adjacent slot groups, when back-to-back issue happens.
Proposal 3: For multi-slot PDCCH monitoring, the search space configuration should be in units of  slot group.
Proposal 4: Confirm the working assumption that the value of [image: image18.png]) S



 should be 40, 160, 320 respectively for 120/480/960 kHz SCS.
Proposal 5: SSSG switching mechanism should take the slot group as the unit.
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