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1. Introduction
DCI format 2_6 has been defined in TS38.211 [1] for notifying the power saving information outside DRX Active Time for one or more UEs. In TS38.213 [2], it has been specified that “A UE monitors PDCCH candidates in one or more of a Type3-PDCCH CSS set configured by SearchSpace in PDCCH-Config with searchSpaceType = common for DCI format 2_6 with CRC scrambled by PS-RNTI.” and “UE is provided with an indication by dci-Format2-6 to monitor PDCCH candidates for DCI format 2_6 by SearchSpace”. To align with change in RAN1 spec, the search space for the DCI format 2_6 with CRC scrambled by PS-RNTI should be introduced in TS38.331.
During the email discussion [3], there has been some discussion on how to introduce the search space for DCI format 2_6. Although an example of ASN.1 structure has been proposed, there are still some concerns. In this paper, three more options are given on the details in introducing the search space for DCI format 2_6.
2. Discussion
The following structure has been proposed during e-mail discussion:
SearchSpace information element
-- ASN1START
-- TAG-SEARCHSPACE-START

SearchSpace ::=                         SEQUENCE {

Partly omitted

}

SearchSpace-v16xy ::=                   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
    searchSpaceType                         SEQUENCE {
        common-r16                              SEQUENCE {
            dci-Format2-6                           SEQUENCE {
                nonCriticalExtension                    SEQUENCE {}                                     OPTIONAL
            }                                                                                           OPTIONAL   -- Need R
        }
    }                                                                                                   OPTIONAL    -- Cond Setup
}

-- TAG-SEARCHSPACE-STOP
-- ASN1STOP
PDCCH-Config information element
-- ASN1START
-- TAG-PDCCH-CONFIG-START

PDCCH-Config ::=                    SEQUENCE {
    controlResourceSetToAddModList      SEQUENCE(SIZE (1..3)) OF ControlResourceSet                 OPTIONAL,   -- Need N
    controlResourceSetToReleaseList     SEQUENCE(SIZE (1..3)) OF ControlResourceSetId               OPTIONAL,   -- Need N
    searchSpacesToAddModList            SEQUENCE(SIZE (1..10)) OF SearchSpace                       OPTIONAL,   -- Need N
    searchSpacesToReleaseList           SEQUENCE(SIZE (1..10)) OF SearchSpaceId                     OPTIONAL,   -- Need N
    downlinkPreemption                  SetupRelease { DownlinkPreemption }                         OPTIONAL,   -- Need M
    tpc-PUSCH                           SetupRelease { PUSCH-TPC-CommandConfig }                    OPTIONAL,   -- Need M
    tpc-PUCCH                           SetupRelease { PUCCH-TPC-CommandConfig }                    OPTIONAL,   -- Need M
    tpc-SRS                             SetupRelease { SRS-TPC-CommandConfig}                       OPTIONAL,   -- Need M
    ...,
    [[
    searchSpacesToAddModList-r16        SEQUENCE(SIZE (1..10)) OF SearchSpace-v16xy                 OPTIONAL    -- Need N
    ]]
}
-- TAG-PDCCH-CONFIG-STOP
-- ASN1STOP

In our understanding, if the UE supports DCP, the new DCI format 2-6 for common search space can be configured together with a legacy DCI format on a common search space or on a separate search space. 
To configure the DCI format2_6 on a separate search space different from a search space in which the legacy DCI format is configured on, a separate SearchSpaceId can be assigned to identify this WUS specific search space.
To configure the DCI format 2_6 and a legacy DCI format on a same search space, a legacy SearchSpace and a SearchSpace-v16xy should be added in which the SearchSpaceId should be set to the same value and all the other parameters except for the searchSpaceType in the legacy SearchSpace and the SearchSpace-v16xy should be set to the same value. In this way, there would be a lot of duplications in configuration.
To avoid the unnecessary duplications, the following three options can be considered:
· Option 1: Introduce a SearchSpace-r16 in which the searchSpaceType-r16 includes all the indications for UE to monitor PDCCH candidates for Rel-15 DCI formats and DCI format 2-6. 
The SearchSpace-r16 is added instead of Rel-15 SearchSapce if UE supports DCP, making it possible to configure DCI format 2_6 with legacy DCI formats on the same search space or configure DCI format 2_6 on a separate search space.
SearchSpace information element
-- ASN1START
-- TAG-SEARCHSPACE-START

SearchSpace ::=                         SEQUENCE {
Partly omitted
}

SearchSpace-r16 ::=                         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
    searchSpaceType-r16                         CHOICE {
        common-r16                                  SEQUENCE {
            dci-Format0-0-AndFormat1-0              SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-0                           SEQUENCE {
                nrofCandidates-SFI                      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
                },
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-1                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-2                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-3                           SEQUENCE {
                dummy1                                  ENUMERATED {sl1, sl2, sl4, sl5, sl8, sl10, sl16, sl20}  OPTIONAL,   -- Cond Setup
                dummy2                                  ENUMERATED {n1, n2},
                ...
            }                                                                                           OPTIONAL    -- Need R
            dci-Format2-6                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
			...
        },
        ue-Specific                                 SEQUENCE {
            dci-Formats                                 ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1},
            ...
        }
    }                                                                                                   OPTIONAL    -- Cond Setup
}

-- TAG-SEARCHSPACE-STOP
-- ASN1STOP
PDCCH-Config information element
-- ASN1START
-- TAG-PDCCH-CONFIG-START

PDCCH-Config ::=                    SEQUENCE {
    controlResourceSetToAddModList      SEQUENCE(SIZE (1..3)) OF ControlResourceSet                 OPTIONAL,   -- Need N
    controlResourceSetToReleaseList     SEQUENCE(SIZE (1..3)) OF ControlResourceSetId               OPTIONAL,   -- Need N
    searchSpacesToAddModList            SEQUENCE(SIZE (1..10)) OF SearchSpace                       OPTIONAL,   -- Need N
    searchSpacesToReleaseList           SEQUENCE(SIZE (1..10)) OF SearchSpaceId                     OPTIONAL,   -- Need N
    downlinkPreemption                  SetupRelease { DownlinkPreemption }                         OPTIONAL,   -- Need M
    tpc-PUSCH                           SetupRelease { PUSCH-TPC-CommandConfig }                    OPTIONAL,   -- Need M
    tpc-PUCCH                           SetupRelease { PUCCH-TPC-CommandConfig }                    OPTIONAL,   -- Need M
    tpc-SRS                             SetupRelease { SRS-TPC-CommandConfig}                       OPTIONAL,   -- Need M
    ...,
	[[
	SearchSpacesToAddModList-r16        SEQUENCE(SIZE (1..10)) OF SearchSpace-r16            			OPTIONAL,   -- Need N
	]]
}

-- TAG-PDCCH-CONFIG-STOP
-- ASN1STOP


· Option 2: Introduce SearchSpaceExt-r16 and searchSpacesToAddModListExt-r16. 
In the SearchSpaceExt-r16, the indication for UE to monitor PDCCH candidates for DCI format 2_6 is included. The DCI format 2_6 can be configured on the same search space together with the legacy DCI formats by configuring searchSpacesToAddModListExt-16 which includes the same number of entries, and listed in the same order, as in searchSpacesToAddModList and the DCI format 2_6 can be configured on any search space in the searchSpacesToAddModList, if needed.
SearchSpaceExt information element
-- ASN1START
-- TAG-SEARCHSPACEEXT-START

SearchSpaceExt-r16 ::=                         SEQUENCE {
    searchSpaceType-r16                         SEQUENCE {
        common-r16                                  SEQUENCE {
            dci-Format2-1                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
			...
        }
    }                                                                                                   OPTIONAL    -- Need R
}

-- TAG-SEARCHSPACEEXT-STOP
-- ASN1STOP
PDCCH-Config information element
-- ASN1START
-- TAG-PDCCH-CONFIG-START

PDCCH-Config ::=                    SEQUENCE {
    controlResourceSetToAddModList      SEQUENCE(SIZE (1..3)) OF ControlResourceSet                 OPTIONAL,   -- Need N
    controlResourceSetToReleaseList     SEQUENCE(SIZE (1..3)) OF ControlResourceSetId               OPTIONAL,   -- Need N
    searchSpacesToAddModList            SEQUENCE(SIZE (1..10)) OF SearchSpace                       OPTIONAL,   -- Need N
    searchSpacesToReleaseList           SEQUENCE(SIZE (1..10)) OF SearchSpaceId                     OPTIONAL,   -- Need N
    downlinkPreemption                  SetupRelease { DownlinkPreemption }                         OPTIONAL,   -- Need M
    tpc-PUSCH                           SetupRelease { PUSCH-TPC-CommandConfig }                    OPTIONAL,   -- Need M
    tpc-PUCCH                           SetupRelease { PUCCH-TPC-CommandConfig }                    OPTIONAL,   -- Need M
    tpc-SRS                             SetupRelease { SRS-TPC-CommandConfig}                       OPTIONAL,   -- Need M
    ...,
    [[
    searchSpacesToAddModListExt-r16        SEQUENCE(SIZE (1..10)) OF SearchSpaceExt-r16             OPTIONAL    -- Need N
    ]]
}
-- TAG-PDCCH-CONFIG-STOP
-- ASN1STOP

	PDCCH-Config field descriptions

	Partly omitted

	searchSpacesToAddModList, searchSpacesToAddModListExt
List of UE specifically configured Search Spaces. The network configures at most 10 Search Spaces per BWP per cell (including UE-specific and common Search Spaces). If the network includes searchSpacesToAddModListExt-r16 it includes the same number of entries, and listed in the same order, as in searchSpacesToAddModList. 



· Option 3: Introduce powersavingSearchSpaceList-r16 in PCCCH-Config.
One or more SearchSpaceId which identify the search spaces configured with legacy DCI formats can be included in the powersavingSearchSpaceList-r16 if network wants to configure DCI format 2_6 together with legacy DCI formats on the same search space.
PDCCH-Config information element
-- ASN1START
-- TAG-PDCCH-CONFIG-START

PDCCH-Config ::=                    SEQUENCE {
    controlResourceSetToAddModList      SEQUENCE(SIZE (1..3)) OF ControlResourceSet                 OPTIONAL,   -- Need N
    controlResourceSetToReleaseList     SEQUENCE(SIZE (1..3)) OF ControlResourceSetId               OPTIONAL,   -- Need N
    searchSpacesToAddModList            SEQUENCE(SIZE (1..10)) OF SearchSpace                       OPTIONAL,   -- Need N
    searchSpacesToReleaseList           SEQUENCE(SIZE (1..10)) OF SearchSpaceId                     OPTIONAL,   -- Need N
    downlinkPreemption                  SetupRelease { DownlinkPreemption }                         OPTIONAL,   -- Need M
    tpc-PUSCH                           SetupRelease { PUSCH-TPC-CommandConfig }                    OPTIONAL,   -- Need M
    tpc-PUCCH                           SetupRelease { PUCCH-TPC-CommandConfig }                    OPTIONAL,   -- Need M
    tpc-SRS                             SetupRelease { SRS-TPC-CommandConfig}                       OPTIONAL,   -- Need M
    ...,
    [[
    powersavingSearchSpaceList-r16     	SEQUENCE(SIZE (1..10)) OF SearchSpaceId             			OPTIONAL    -- Need N
    ]]
}
-- TAG-PDCCH-CONFIG-STOP
-- ASN1STOP

	PDCCH-Config field descriptions

	Partly omitted

	powersavingSearchSpaceList
List of search spaces for UE to monitoring power saving information. The search space in the powersavingSearchSpacelist shall support DCI format 2_6 with searchSpaceType set to common.


If network would like to configure one or more separate search space which is different from any search space on which legacy DCI formats are configured, one or more legacy SearchSpace should be added with searchSpaceType set to common and all the indications for legacy DCI formats (i.e. dci-Format0-0-AndFormat1-0, dci-Format2-0, dci-Format2-1, dci-Format2-2, dci-Format2-3) absent while the corresponding SearchSpaceId for the separate search spaces should be included in powersavingSearchSpaceList. 
Proposal 1: Select one from the following options to introduce DCI format 2_6 in TS38.331.
· Option 1: Introduce a SearchSpace-r16 in which the searchSpaceType-r16 includes all the indications for UE to monitor PDCCH candidates for Rel-15 DCI formats and DCI format 2-6.
· Option 2: Introduce SearchSpaceExt-r16 and searchSpacesToAddModListExt-r16.
· Option 3: Introduce powersavingSearchSpaceList-r16 in PCCCH-Config.
Proposal 2: Agree the corresponding changes in the draft running CR [4].
3. Conclusion and proposals
With the above analysis, we have the following conclusions and proposals:
Proposal 1: Select one from the following options to introduce DCI format 2_6 in TS38.331.
· Option 1: Introduce a SearchSpace-r16 in which the searchSpaceType-r16 includes all the indications for UE to monitor PDCCH candidates for Rel-15 DCI formats and DCI format 2-6.
· Option 2: Introduce SearchSpaceExt-r16 and searchSpacesToAddModListExt-r16.
· Option 3: Introduce powersavingSearchSpaceList-r16 in PCCCH-Config.
Proposal 2: Agree the corresponding changes in the draft running CR [4].
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