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1 Introduction

In RAN1#96bis meeting [1], there was an agreement:
Agreements:

· For PDCCH-based power saving signal/channel, 

· The set of AL(s) is configured 

· The number of PDCCH candidate(s) for each AL is configured

This paper aims to discuss the search space configuration for DCP.
2 Discussion
In current TS 38.331, although the aggregation level and the number of PDCCH candidate(s) can be configured for SearchSpace. However, it is shared by all the DCI formats configured for this search space.
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

    nrofCandidates                          SEQUENCE {

        aggregationLevel1                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},

        aggregationLevel2                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},

        aggregationLevel4                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},

        aggregationLevel8                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},

        aggregationLevel16                      ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}

    }                                                                                                   OPTIONAL,   -- Cond Setup

The aggregation level and the number of PDCCH candidate(s) are not configurable dedicated for DCP (dci-Format2-6).
SearchSpace-v16xy ::=                   SEQUENCE {

    searchSpaceId                           SearchSpaceId,

    controlResourceSetId-r16                ControlResourceSetId-r16                                    OPTIONAL,   -- Cond SetupOnly

    searchSpaceType-r16                     CHOICE {

        common-r16                              SEQUENCE {

            dci-Format2-4-r16                       SEQUENCE {

                nrofCandidates-CI-r16                   SEQUENCE {

                    aggregationLevel1                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R

                    aggregationLevel2                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R

                    aggregationLevel4                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R

                    aggregationLevel8                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R

                    aggregationLevel16                      ENUMERATED {n1, n2}                         OPTIONAL    -- Need R

                },

                ...

            },

            dci-Format2-5-v16xy                     SEQUENCE {

                nrofCandidates-IAB-r16                  SEQUENCE {

                    aggregationLevel1-r16                   ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R

                    aggregationLevel2-r16                   ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R

                    aggregationLevel4-r16                   ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R

                    aggregationLevel8-r16                   ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R

                    aggregationLevel16-r16                  ENUMERATED {n1, n2}                         OPTIONAL    -- Need R

                },

                ...

            },

            dci-Format2-6-r16                       SEQUENCE {

                ...

            }                                                                                           OPTIONAL,   -- Need R

            ...

        },

To align with RAN1 agreement, the aggregation level and the number of PDCCH candidate(s) should be configurable for DCP (DCI Format 2-6). 
Proposal 1: RAN2 to confirm that the aggregation level and the number of PDCCH candidate(s) should be configurable for DCP (DCI Format 2-6).
However, there was no agreement in RAN1 on the valid values that can be signalled for the number of PDCCH candidate(s) of each aggregation level. To simplify the discussion, it seems sufficient to follow the design for DCI Format 2-0 as the baseline, and the candidate values can be discussed further. The technical reasons are shown as following:

1) The design for DCI Format 2-0 covers all the defined aggregation levels in NR, i.e., AL1, AL2, AL4, AL8 and AL16, which gives the gNB enough flexibility to configure proper aggregation level for DCP for any scenario.

2) n1 and n2 is sufficient to reduce the number of PDCCH candidate(s) for power saving purpose. And for the perspective of flexibility, some large value can also be considered, e.g n4, n8.
SearchSpace-v16xy ::=                   SEQUENCE {

    searchSpaceId                           SearchSpaceId,

    controlResourceSetId-r16                ControlResourceSetId-r16                                    OPTIONAL,   -- Cond SetupOnly

    searchSpaceType-r16                     CHOICE {

        common-r16                              SEQUENCE {

            dci-Format2-4-r16                       SEQUENCE {

                nrofCandidates-CI-r16                   SEQUENCE {

                    aggregationLevel1                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R

                    aggregationLevel2                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R

                    aggregationLevel4                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R

                    aggregationLevel8                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R

                    aggregationLevel16                      ENUMERATED {n1, n2}                         OPTIONAL    -- Need R

                },

                ...

            },

            dci-Format2-5-v16xy                     SEQUENCE {

                nrofCandidates-IAB-r16                  SEQUENCE {

                    aggregationLevel1-r16                   ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R

                    aggregationLevel2-r16                   ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R

                    aggregationLevel4-r16                   ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R

                    aggregationLevel8-r16                   ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R

                    aggregationLevel16-r16                  ENUMERATED {n1, n2}                         OPTIONAL    -- Need R

                },

                ...

            },

            dci-Format2-6-r16                       SEQUENCE {

                nrofCandidates-DCP-r16                  SEQUENCE {

                    aggregationLevel1-r16                   ENUMERATED {n1, n2, [n4, n8]}                         OPTIONAL,   -- Need R

                    aggregationLevel2-r16                   ENUMERATED {n1, n2, [n4, n8]}                         OPTIONAL,   -- Need R

                    aggregationLevel4-r16                   ENUMERATED {n1, n2, [n4, n8]}                         OPTIONAL,   -- Need R

                    aggregationLevel8-r16                   ENUMERATED {n1, n2, [n4, n8]}                         OPTIONAL,   -- Need R

                    aggregationLevel16-r16                  ENUMERATED {n1, n2, [n4, n8]}                         OPTIONAL    -- Need R

                },

                ...

            }                                                                                           OPTIONAL,   -- Need R

            ...

        },
Proposal 2: If Proposal 1 is agreed, the design for DCI Format 2-0 can be the baseline, the candidate values for the number of PDCCH candidate(s) of each aggregation level can be discussed further.
3 Conclusion and Proposals
In this contribution, the search space configuration for DCP is discussed with the following proposals:
Proposal 1: RAN2 to confirm that the aggregation level and the number of PDCCH candidate(s) should be configurable for DCP (DCI Format 2-6).

Proposal 2: If Proposal 1 is agreed, the design for DCI Format 2-0 can be the baseline, the candidate values for the number of PDCCH candidate(s) of each aggregation level can be discussed further.
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