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1. Introduction & Background

RAN1 sent an LS to RAN2 [1] saying that the search space configuration for Cross Carrier Schduling (CCS) in currenet RRC does not align with RAN1 intention. In RAN1 spec, the search space configuration (including at least aggreagation level and number of candidates) is expected to be per scheduled cell. However, in RAN2 spec, the space configured in scheduling cell is used across all the scheduled cells. The LS listed two potential options with different impacts to RAN2
· Option1: Without ASN.1 signaling change with possible field description updates, in which the linkage in the same search space ID used in scheduling cell and scheduled cell.
· Option2: With ASN.1 signalling change and the change is very likely to be NBC. To achieve the full functionality of cross carrier scheduling, the search space used for scheduled cell is configured in scheduling cell configuration, because in current RRC a certain cell only has the search space configuration of  its own.
In this contribution, we analyze the functionality we need to achieve, try to compare the options and then give the corresponding CR.
2. Discussion
The main motivation of enabling different search space configurations for each scheduled cell is for UE power saving. There are basically the following cases which may result in diffrent configuration for diffrent scheduled cells:
1. The scells with different coverage requirements and different quantities of users

2. The scells with diffrent numerologies.

We noticed that in RAN#81 that diffrent numerologies for scells are not supported in this release, however, the possibility of different configurations of searh spaces for each scheduled scells can also provide some benefit for the UE as well as give the the network more flexibility. Configuring diffrent aggreagation levels and blind detection numbers for different scells is still applicable in this release, as listed RAN1 agreement in the LS, implying that different schduled scell has its own specific PDCCH candidates number.
	Conclusion:

· It is clarified that Mp,maxL is the maximum of “configured” number of PDCCH candidates for the given aggregation level L across all serving cells scheduled by the search space


2.1. The functionality we need to achieve
Suppose there is a search space set associated to a CORESET with totally 32 CCEs, and there are one scheduling cell and two scheduled scells to be scheduled by the search space set, then the cif indicator is 0,1, and 2, respectively. For a give aggregation level (e.g. 2,4), the scheduled scell candidate numbers are configured as shown in the below table
	Aggregation level
	Scheduling cell 1, cif=0
	Scheduled cell 1, cif=1
	Scheduled cell 2, cif=2

	2
	2
	3
	4

	4
	1
	2
	1


According to RAN1 intention, each scheduled cell has its own PDCCH candidate’s number, among which Mp,maxL is the maximum of “configured” number of PDCCH candidates for the given aggregation level L across all serving cells scheduled by the search space, in this case, when L=2, the Mp,maxL=4, and when L=4, the Mp,maxL=2, for the two scheduled cells. It was depicted as below.
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However, in current RRC specification, there is no means to configure the UE with different numbers of PDCCH candidates in different scheduled cells, neither nor any other parameters in search space configuration. The configuration of search space is used for the scheduling cell itself only. Then we’d better analyse two following approaches, to see which one is more appropriate in current stage of R15.
2.2. Without RRC signalling change
As RAN1 suggested, we can introduce some linkage of search space ID in scheduling cell and scheduled cell. RAN1 suggestion is that we can use the same ID#s, configured on a BWP of a scheduled cell is used to determine the number of PDCCH candidate(s) for each aggregation level monitored in a search space with ID#s of a BWP of the scheduling cell for the BWP of the scheduled cell. That is to say, we can apply the IE nrofCandidates in the search space configuration of scheduled cell to the scheduling cell, only if they have the same search space ID on the concerned BWP. According to the mentioned above, we think at least the following points should be noted

1. RAN1 LS only states about the search space PDCCH candidates, not anything about any other parameters in the search space configuration. Nevertheless, it is useful to carefully check the usage of other search space configurations. For example, considering the space type, {common, UE specific}, it is mandatory present for the set up case. However, according to the RAN1 specification, only UE-specific search space can be configured for the scheduled scells in this case. Besides, for the scheduled cell, only formats0-1-And-1-1 can be configured. Thus it seems that there is no need to configure space type in scheduled cell. We may need to reconsider all other IEs for the conditions.
2. Considering that at least some search space configurations are inapplicable to the scheduled cell, in order to avoid possible re-checking and additional specification complexity, simply it may specify that all other IEs in the scheduled cell search space configuration can be ignored by the UE.
3. Moreover, it is worth noting that although the scheduling cell may have both common and UE specific search spaces, the scheduled cells only have the UE specific search space. It would be much clearer if the linked search spaces in scheduling cell and scheduled cell were only allowed to be the same type, i.e. UE specific search spaces.
4. The linkage of the same ID make a restriction to the network deployment. The requirement of same search space ID for the CCS scheduled and scheduling cells, actually implying that network should configure the serving cells with same number and search spaces with same ID. If not, UE cannot know what the PDCCH candidate’s number is on a certain aggregation level, according to current RAN1 spec.
5. The search space is configured on a BWP. In the case that the network configures the UE to switch to a new BWP on scheduling cell, where the search space of same ID is configured on an inactive BWP of the scheduled cell, the BWP on the scheduled cell needs to be switched as well, otherwise it cannot be scheduled from the new BWP on the scheduling cell. Similar restriction may happen in the opposite case, i.e. a BWP change in scheduled cell(s) may require a BWP change in scheduling cell as well. Thus, the passive BWP change due to the restriction of same search space ID will occur. However, it can be handled by network implementation.
Thus, we have the following observations:

Observation 1: The association of the same search space ID on scheduling cell and scheduled cell makes a restriction to the network deployment, and it may cause passive BWP switch if not all needed search space configured on the active BWP.
Observation 2: From RAN1 LS, only the number of PDCCH candidates in the search space for the cross carrier scheduling is concerned.
Observation 3: To avoid ambiguity, search space ID associated to the CCS in scheduling cell is only allowed to set to type {UE specific} search space.
2.3. With RRC signaling change
Another way RAN1 suggested is to modify the current RRC. We do think to accomplish this functionality, there are several potential approaches to fix this, and all of them would have to add some IEs. 
· SearchSpace： This IE cannot be properly extended.
· crossCarrierSchedulingConfig: it’s possible to add some new IE after the extend mark, in a backward compatible manner. This IE is in ServingCellConfig. It should be noted that many possible changes could be made for the scheduling cell and/or scheduled cell. In this contribution, we only take one following as example.
-- ASN1START

CrossCarrierSchedulingConfig ::=        SEQUENCE {

    schedulingCellInfo                      CHOICE {

        own                                     SEQUENCE {                  -- No cross carrier scheduling

            cif-Presence                            BOOLEAN
        },

        other                                   SEQUENCE {                  -- Cross carrier scheduling

            schedulingCellId                        ServCellIndex,

            cif-InSchedulingCell                    INTEGER (1..7)

        } 

    },

...,
[[
searchSpaceForScheduling           SearchSpaceId      --Search space used in schduling cell, if this cell is scheduled.

OPTIONAL,  --Need N

]]
}
-- ASN1STOP
PDCCH-Config: basically there are two ways to configure the search space for CCS. One is configure each scheduled cell’s search space in scheduling cell, and the other is to configure the search space in scheduled cell and make the rule that this IE applies to the scheduling cell. We take one in scheduling cell as example.
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,   -- Cond PUCCH-CellOnly

    tpc-SRS                             SetupRelease { SRS-TPC-CommandConfig}                               OPTIONAL,   -- Need M

...,
[[

searchSpaceForCcs                   SEQUENCE(SIZE (1..7)) OF SearchSpaceForSchduled

OPTIONAL,   -- Need N
SearchSpaceForSchduled              SEQUENCE{

cif-InSchedulingCell                    INTEGER (1..7),

searchSpaceId                           SearchSpaceId
}

]]
}

Even if we design a signaling similar like above, apparently it is complex and many remaining things should be reconsidered. At this late stage of this release, we think it is better to keep it simple without RRC signaling change.
Observation 4: Introducing extra signalling for the search space of CCS cause remaining issues.
According to the above analysis, we think in current stage, to achieve RAN1 function and release RAN2 pain, we’d better adopt a simple way, i.e. to add some clarification on the association of the search space for scheduling cell and scheduled cells. Thus we have the following and prepare the draft CR in Annex.
Proposal 1: Add clarification on the association of the search space for scheduling cell and scheduled cells, as RAN1 suggested in the RAN1 LS.
Proposal 2: Only the number of PDCCH candidates in the associated search space ID is concerned and apply to scheduling cell, UE ignores all other parameters in the search space configuration for the scheduled cell.
Proposal 3: For cross carrier scheduling, the type of search space used in scheduling cell should be UE-specific.
3. Conclusion

In this contribution, we mainly discuss the search space configuration of CCS and have the following
Observation 1: The association of the same search space ID on scheduling cell and scheduled cell makes a restriction to the network deployment, and it may cause passive BWP switch if not all needed search space configured on the active BWP.
Observation 2: From RAN1 LS, only the number of PDCCH candidates in the search space for the cross carrier scheduling is concerned.
Observation 3: To avoid ambiguity, search space ID associated to the CCS in scheduling cell is only allowed to set to type {UE specific} search space.
Observation 4: Introducing extra signaling for the search space of CCS cause remaining issues.
Proposal 1: Add clarification on the association of the search space for scheduling cell and scheduled cells, as RAN1 suggested in the RAN1 LS.
Proposal 2: Only the number of PDCCH candidates in the associated search space ID is concerned and apply to scheduling cell, UE ignores all other parameters in the search space configuration for the scheduled cell.
Proposal 3: For cross carrier scheduling, the type of search space used in scheduling cell should be UE-specific.
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5. Annex Draft CR
–
SearchSpace
The IE SearchSpace defines how/where to search for PDCCH candidates. Each search space is associated with one ControlResourceSet.

SearchSpace information element

-- ASN1START

-- TAG-SEARCHSPACE-START

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

    searchSpaceType                         CHOICE {

        common                                  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

        },

        ue-Specific                             SEQUENCE {

            dci-Formats                             ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1},

            ...

        }

    }                                                                                                                   OPTIONAL    -- Cond Setup

}

-- TAG-SEARCHSPACE-STOP

-- ASN1STOP

	SearchSpace field descriptions

	common
Configures this search space as common search space (CSS) and DCI formats to monitor.

	controlResourceSetId
The CORESET applicable for this SearchSpace. Value 0 identifies the common CORESET#0 configured in MIB and in ServingCellConfigCommon. Values 1..maxNrofControlResourceSets-1 identify CORESETs configured in System Information or by dedicated signalling. The CORESETs with non-zero controResourceSetId locate in the same BWP as this SearchSpace. 

	dummy1, dummy2

This field is not used in the specification. If received it shall be ignored by the UE.

	dci-Format0-0-AndFormat1-0
If configured, the UE monitors the DCI formats 0_0 and 1_0 with CRC scrambled by C-RNTI, CS-RNTI (if configured), SP-CSI-RNTI (if configured), RA-RNTI, TC-RNTI, P-RNTI, SI-RNTI

	dci-Format2-0
If configured, UE monitors the DCI format 2_0 with CRC scrambled by SFI-RNTI

	dci-Format2-1
If configured, UE monitors the DCI format 2_1 with CRC scrambled by INT-RNTI

	dci-Format2-2
If configured, UE monitors the DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI or TPC-PUCCH-RNTI

	dci-Format2-3
If configured, UE monitors the DCI format 2_3 with CRC scrambled by TPC-SRS-RNTI

	dci-Formats
Indicates whether the UE monitors in this USS for DCI formats 0-0 and 1-0 or for formats 0-1 and 1-1.

	duration
Number of consecutive slots that a SearchSpace lasts in every occasion, i.e., upon every period as given in the periodicityAndOffset. If the field is absent, the UE applies the value 1 slot. The maximum valid duration is periodicity-1 (periodicity as given in the monitoringSlotPeriodicityAndOffset).

	monitoringPeriodicity
Monitoring periodicity of SRS PDCCH in number of slots for DCI format 2-3. Corresponds to L1 parameter 'SRS-monitoring-periodicity' (see 38.212, 38.213, section 7.3.1, 11.3)

	monitoringSlotPeriodicityAndOffset
Slots for PDCCH Monitoring configured as periodicity and offset. If UE is configured to monitor DCI format 2_1, only the values 'sl1', 'sl2' or 'sl4' are applicable. Corresponds to L1 parameters 'Montoring-periodicity-PDCCH-slot' and 'Montoring-offset-PDCCH-slot' (see 38.213, section 10)

	monitoringSymbolsWithinSlot
The first symbol(s) for PDCCH monitoring in the slots configured for PDCCH monitoring (see monitoringSlotPeriodicityAndOffset and duration). The most significant (left) bit represents the first OFDM in a slot. The least significant (right) bit represents the last symbol. The bit(s) set to one identify the first OFDM symbol(s) of the control resource set within a slot. Corresponds to L1 parameter 'Montoring-symbols-PDCCH-within-slot' (see 38.213, section 10)

	nrofCandidates-SFI
The number of PDCCH candidates specifically for format 2-0 for the configured aggregation level. If an aggregation level is absent, the UE does not search for any candidates with that aggregation level. The network configures only one aggregationLevel and the corresponding number of candidates. Corresponds to L1 parameters 'SFI-Num-PDCCH-cand' and 'SFI-Aggregation-Level' (see 38.213, section 11.1.1).

	nrofCandidates
Number of PDCCH candidates per aggregation level. Corresponds to L1 parameter 'Aggregation-level-1' to 'Aggregation-level-8'. The number of candidates and aggregation levels configured here applies to all formats unless a particular value is specified or a format-specific value is provided (see inside searchSpaceType). (see 38.213, section 10). If this search space is configured on a BWP of scheduled cell, only this IE applies to the search space with the same ID configured on a BWP of scheduling cell which schedules this scheduled cell, all other parameters in this search space configuration of scheduled cell are ignored by UE.

	nrofPDCCH-Candidates
The number of PDCCH candidates for DCI format 2-3 for the configured aggregation level. Corresponds to L1 parameter 'SRS-Num-PDCCH-cand' (see 38.212, 38.213, section 7.3.1, 11.3)

	searchSpaceId
Identity of the search space. SearchSpaceId = 0 identifies the searchSpaceZero configured via PBCH (MIB) or ServingCellConfigCommon and may hence not be used in the SearchSpace IE. The searchSpaceId is unique among the BWPs of a Serving Cell. If in cross carrier scheduling, search space configuration configured on a BWP of a scheduled cell is used to determine the number of PDCCH candidate(s) for each aggregation level monitored in a search space of a BWP of the scheduling cell for the BWP of the scheduled cell, and the concerned search spaces have the same ID.

	searchSpaceType
Indicates whether this is a common search space (present) or a UE specific search space as well as DCI formats to monitor for.

	ue-Specific
Configures this search space as UE specific search space (USS). The UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), and SP-CSI-RNTI (if configured). If search space is configured for cross carrier scheduling (either scheduled cell or scheduling cell), it has to be UE-specific.


	Conditional Presence
	Explanation

	Setup
	This field is mandatory present upon creation of a new SearchSpace. It is optionally present, Need M, otherwise.

	SetupOnly
	This field is mandatory present upon creation of a new SearchSpace. It is absent otherwise.
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