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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In previous RAN1 and RAN2 meetings, further agreements on power saving signal procedure were achieved. RAN1 also agreed higher layer parameters for UE Power Saving in NR [1]. In this document, we analyze some issues related to stage-3 impacts (RRC) brought by PDCCH-WUS, including impact on RRC procedures, impact on inter-node messages, and impact on ASN.1 extension. 
Discussion
The list of higher layer parameters related to PDCCH-WUS is extracted below from [1]:
	Parameter Name
	RAN1 specification / section
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	RAN2 specification

	PS-RNTI
	38.213
	RNTI-value
	new
	Per UE
	dedicated
	Power saving RNTI used for CRC scrambling of PDCCH based power saving signal/channel
	38.331

	PS_offset
	38.213
	[1-x  slots]
	new
	Per CG
	dedicated
	The starting searching time of DCI format 3_0 with CRC scrambled by PS-RNTI  relative to the start of DRX ON 
	38.331

	PS_WakeUpOrNot
	38.213
	0,1
	
	Per UE
	dedicated
	When DCI format 3_0 outside active time is not detected, this parameter indicates whether UE wakes up or UE does not wake up. Default is not wake up.
	38.331, 38.321

	dci-Format3-0
	38.212, 38.213
	
	Extension of Rel-15
	Per search space
	dedicated
	DCI format for the power saving indication in the search space  Configuration 
	38.331


In the following sub-sections, we will discuss three parts, including impact on RRC procedures, impact on inter-node messages, and impact on RRC IE extension.
1.1. Impact on RRC procedures
In order to configure PDCCH-WUS to a UE, it is straightforward to introduce higher layer parameters of PDCCH-WUS in RRC Reconfiguration procedures, i.e. configuring PDCCH-WUS configurations in RRC reconfiguration message. Then the network can configure/reconfigure PDCCH-WUS configurations in any time during RRC connected.
In order to fast resume a suspended RRC connection from RRC inactive mode, the network can contain MCG configurations in RRC resume message during RRC resume procedure. And in DC and CA enhancement WI, it was also agreed that the network can contain SCG configurations in RRC resume message. Then we think it is also beneficial and straightforward to allow the network to configure PDCCH-WUS in RRC resume message. For example: When a UE enters RRC connected mode from RRC inactive mode, the network can configure an SCG with PDCCH-WUS to the UE via RRC resume message if there is no much data transmitted via SCG and power saving is required.
[bookmark: _Toc24033994]Proposal 1: Configuring PDCCH-WUS in RRC reconfiguration message is supported.
[bookmark: _Toc24033995]Proposal 2: Configuring PDCCH-WUS in RRC resume message is supported.
1.2. Impact on inter-node messages
1) Background for DRX coordination in MR-DC
In MR-DC scenarios, separate DRX configurations are supported by MN and SN. In MR-DC scenario, MN and SN may share the same RF chain. If the DRX active time of MN is aligned with that of SN as much as possible, UE power consumption can be reduced. Hence, in order to align DRX configurations between MN and SN, the following coordination for DRX configurations were agreed:
· The MN provides the MCG DRX configurations to the SN via inter-node message (i.e. CG-Configinfo).
· The SN provides the SCG DRX configurations to the MN via inter-node message (i.e. CG-Config).
· Whether to align the SCG DRX configuration with the MCG DRX configuration is left up to SN implementation.
· Whether to align the MCG DRX configuration with the SCG DRX configuration is left up to MN implementation.
[bookmark: _Toc24026387]Observation 1: In order to align DRX configurations between MN and SN for reducing UE power consumption, DRX configurations are exchanged between inter-nodes via inter-node message.
2) Coordination for PDCCH-WUS in MR-DC
It was agreed that PDCCH-WUS can be configured on the PCell on MCG and PSCell on SCG in MR-DC scenario. Similar as coordination for DRX configurations, UE power consumption can be reduced if configurations for PDCCH-WUS can exchanged between MN and SN.
For example: 
-	PS_offset is introduced to define the starting searching time of DCI format 3_0 with CRC scrambled by PS-RNTI relative to the start of DRX ON. If the parameter is exchanged between MN and SN, the starting searching time of DCI format 3_0 with CRC scrambled by PS-RNTI between MN and SN can be aligned. Then the UE can wake up to monitor PDCCH-WUSs sent by MN and SN at the same time.
-	PS_WakeUpOrNot is introduced to indicate whether UE wakes up or UE does not wake up if it does not detect PDCCH-WUS. If the parameter is exchanged between MN and SN, the same consistent behavior in that case can be achieved in both CGs of MR-DC.
Hence, in order to align configurations for PDCCH-WUS between MN and SN, parameters for PDCCH-WUS need to be exchanged between MN and SN. Whether to align configurations of PDCCH-WUS with the other node and which parameters to align are left up to RAN node implementation.
For simplify, the whole parameters for DRX configuration were exchanged between inter-nodes. We also can reuse the similar principle to coordination for PDCCH-WUS. However, it is still open on the RRC extension for PDCCH-WUS. We can discuss further which parameters for PDCCH-WUS needs to be exchanged via inter-node message after RRC extensions for PDCCH-WUS were roughly achieved.
[bookmark: _Toc24033996]Proposal 3: In order to align configurations of PDCCH-WUS between MN and SN:
-	The MN provides related parameters of PDCCH-WUS in MN to the SN via inter-node RRC message;
-	The SN provides related parameters of PDCCH-WUS in MN to the MN via inter-node RRC message.
1.3. Impact on RRC IE extension
1) PS-RNTI
This first parameter in the above RAN1 list of PDCCH-WUS higher layer parameters was agreed in RAN1#97 meeting [2]:
	Agreements:
A new RNTI (e.g., PS-RNTI) is introduced for the PDCCH-based power saving signal/channel decoding at least outside Active Time, UE-specifically configured
· FFS how to use the PS-RNTI for scrambling of the PDCCH-based power saving signal/channel


It shows that one new RNTI will be introduced in power saving. In NR, RNTIs are all signalled in IE PhysicalCellGroupConfig. The same principle can also be applied in PS-RNTI. The corresponding TP is provided in Annex 5.1.
[bookmark: _Toc16521464][bookmark: _Toc24033997]Proposal 4: Specify PS-RNTI in IE PhysicalCellGroupConfig.
2) PS_offset
This second parameter in the above RAN1 list of PDCCH-WUS higher layer parameters determines when to start to monitor the PDCCH-WUS occasions. It was agreed in RAN1#98bis meeting [3]:
	Agreements:
UE starts monitoring the PDCCH with CRC scrambled by PS-RNTI at the configured PS_offset before the start of DRX ON until the end of the configured range of monitoring.   
· The “PS_offset” is a new higher layer parameter  
· (Working assumption) the range of monitoring is derived based on existing parameters, e.g., duration and  monitoringSymbolsWithinSlot, in SearchSpace IE without any change 
· Note: the value of “range” is smaller than that of PS_offset, e.g., to ensure UE with sufficient time for preparing for PDCCH monitoring at the DRX ON


In the email discussion [5] to this meeting on MAC running CR, a majority of companies supported that the MAC entity indicates the start of PDCCH-WUS monitoring based on the PS_offset, which means it is visible in MAC. Then, it is straightforward to specify this parameter in MAC. Considering it is per CG configured [1], it should be defined in the IE MAC-CellGroupConfig (where DRX parameters are also configured). The corresponding TP is provided in Annex 5.2.
[bookmark: _Toc24033998]Proposal 5: Specify PS-offset in IE MAC-CellGroupConfig.
3) PS_WakeupOrNot
This third parameter in the above RAN1 list of PDCCH-WUS higher layer parameters was agreed in RAN1#98bis meeting:
	Agreements:
If a DCI format 3_0 outside Active Time is not detected by a UE, “UE wakeup or not” is configured by the higher layer signalling to address this case
· The default is “not wake up”


Whether the UE wakes up or not when it does not detect PDCCH-WUS outside Active Time depends on RRC configuration of this parameter PS_WakeUpOrNot. It is per UE configured. But since PDCCH-WUS is only configured on SpCell, it makes sense that this parameter is also configured per CG. Upon notification from lower layers that PDCCH-WUS was received or not, MAC will use this parameters to decide if it starts or not the drx-onDurationTimer. Hence it needs to be visible to MAC and, similar to PS_offset it should be defined in the IE MAC-CellGroupConfig. The corresponding TP is provided in Annex 5.2.
[bookmark: _Toc24033999]Proposal 6: Specify PS_WakeUpOrNot in IE MAC-CellGroupConfig .
4) DCI format 3-0
This fourth parameter in the above RAN1 list of PDCCH-WUS higher layer parameters is for the DCI format which is used for PDCCH-WUS, and agreements were achieved in RAN1#98bis meeting as copied in following. It is one kind of signalling extension of current search space. Then, it makes sense to be defined in the SearchSpace IE. Taking into account the RAN1 agreements, i.e. the new DCI is monitored at least in CSS, DCI format 3-0 can be configured in the common search space. However, there is no extension field for common in SearchSpace. Therefore, it is suggested that dci-Format3-0 is specified in IE PDCCH-Config. The corresponding TP can be found in Annex 5.3.
RAN1#98 meeting [4]:
	Agreements:
· The new DCI format for power saving signal/channel is configured to be monitored at least in CSS.  
· FFS for UESS



RAN1#98bis meeting [3]:
	Agreements:
A new DCI format 3_0 is introduced for providing the indication of power saving information used outside Active Time in Rel-16



[bookmark: _Toc24034000]Proposal 7: Specify dci-Format3-0 in IE PDCCH-Config.
Finally, it is proposed that:
[bookmark: _Toc24034001]Proposal 8: Capture the TPs in the Annexes into the running RRC CR.
Conclusion
This contribution discusses the PDCCH-WUS parameters exchange in inter-node message and ASN.1 impacts on RRC. And we provide observation and proposals below:
Observation 1: In order to align DRX configurations between MN and SN for reducing UE power consumption, DRX configurations are exchanged between inter-nodes via inter-node message.
Proposal 1: Configuring PDCCH-WUS in RRC reconfiguration message is supported.
Proposal 2: Configuring PDCCH-WUS in RRC resume message is supported.
Proposal 3: In order to align configurations of PDCCH-WUS between MN and SN:
- The MN provides related parameters of PDCCH-WUS in MN to the SN via inter-node RRC message;
- The SN provides related parameters of PDCCH-WUS in MN to the MN via inter-node RRC message.
Proposal 4: Specify PS-RNTI in IE PhysicalCellGroupConfig.
Proposal 5: Specify PS-offset in IE MAC-CellGroupConfig.
Proposal 6: Specify PS_WakeUpOrNot in IE MAC-CellGroupConfig .
Proposal 7: Specify dci-Format3-0 in IE PDCCH-Config.
Proposal 8: Capture the TPs in the Annexes into the running RRC CR.
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Annex
1.4. PS-RNTI

[bookmark: _Toc12718334]–	PhysicalCellGroupConfig
The IE PhysicalCellGroupConfig is used to configure cell-group specific L1 parameters.
PhysicalCellGroupConfig information element
-- ASN1START
-- TAG-PHYSICALCELLGROUPCONFIG-START

[bookmark: _Hlk515947660]PhysicalCellGroupConfig ::=         SEQUENCE {
    harq-ACK-SpatialBundlingPUCCH       ENUMERATED {true}                                               OPTIONAL,   -- Need S
    harq-ACK-SpatialBundlingPUSCH       ENUMERATED {true}                                               OPTIONAL,   -- Need S
    p-NR-FR1                            P-Max                                                           OPTIONAL,   -- Need R
    pdsch-HARQ-ACK-Codebook             ENUMERATED {semiStatic, dynamic},
    tpc-SRS-RNTI                        RNTI-Value                                                      OPTIONAL,   -- Need R
    tpc-PUCCH-RNTI                      RNTI-Value                                                      OPTIONAL,   -- Need R
    tpc-PUSCH-RNTI                      RNTI-Value                                                      OPTIONAL,   -- Need R
    sp-CSI-RNTI                         RNTI-Value                                                      OPTIONAL,   -- Need R
    cs-RNTI                             SetupRelease { RNTI-Value }                                     OPTIONAL,   -- Need M
    ...,
    [[
    mcs-C-RNTI                          RNTI-Value                                                      OPTIONAL,   -- Need R
    p-UE-FR1                            P-Max                                                           OPTIONAL    -- Cond MCG-Only
    ]],
    [[
    xScale                              ENUMERATED {dB0, dB6, spare2, spare1}                           OPTIONAL    -- Cond SCG-Only
    ]],
    [[
    pdcch-BlindDetection                SetupRelease { PDCCH-BlindDetection }                           OPTIONAL    -- Need M
    ]],
    [[
    ps-RNTI                             RNTI-Value                                                      OPTIONAL,   -- Need R
    ]]
}

PDCCH-BlindDetection ::=                INTEGER (1..15)

-- TAG-PHYSICALCELLGROUPCONFIG-STOP
-- ASN1STOP
	PhysicalCellGroupConfig field descriptions

	cs-RNTI
RNTI value for downlink SPS (see SPS-Config) and uplink configured grant (see ConfiguredGrantConfig).

	harq-ACK-SpatialBundlingPUCCH
Enables spatial bundling of HARQ ACKs. It is configured per cell group (i.e. for all the cells within the cell group) for PUCCH reporting of HARQ-ACK. It is only applicable when more than 4 layers are possible to schedule. When the field is absent, the spatial bundling is disabled (see TS 38.213 [13], clause 9.1.2.1).

	harq-ACK-SpatialBundlingPUSCH
Enables spatial bundling of HARQ ACKs. It is configured per cell group (i.e. for all the cells within the cell group) for PUSCH reporting of HARQ-ACK. It is only applicable when more than 4 layers are possible to schedule. When the field is absent, the spatial bundling is disabled (see TS 38.213 [13], clauses 9.1.2.2 and 9.1.3.2). 

	[bookmark: _Hlk12640679]mcs-C-RNTI
RNTI to indicate use of qam64LowSE for grant-based transmissions. When the MCS-C-RNTI is configured, RNTI scrambling of DCI CRC is used to choose the corresponding MCS table.

	pdcch-BlindDetection
Indicates the reference number of cells for PDCCH blind detection for the CG. Network configures the field for each CG when the UE is in NR DC and sets the value in accordance with the constraints specified in TS 38.213 [13]. The network configures pdcch-BlindDetection only if the UE is in NR-DC.

	p-NR-FR1
The maximum total transmit power to be used by the UE in this NR cell group across all serving cells in frequency range 1 (FR1). The maximum transmit power that the UE may use may be additionally limited by p-Max (configured in FrequencyInfoUL) and by p-UE-FR1 (configured total for all serving cells operating on FR1).

	p-UE-FR1
The maximum total transmit power to be used by the UE across all serving cells in frequency range 1 (FR1) across all cell groups. The maximum transmit power that the UE may use may be additionally limited by p-Max (configured in FrequencyInfoUL) and by p-NR-FR1 (configured for the cell group).

	pdsch-HARQ-ACK-Codebook
The PDSCH HARQ-ACK codebook is either semi-static or dynamic. This is applicable to both CA and none CA operation (see TS 38.213 [13], clauses 9.1.2 and 9.1.3).

	ps-RNTI
RNTI for power saving (see TS 38.213, clause x). The UE monitors DCI with CRC scrambled by PS-RNTI to detect whether to start drx-onDurationTimer (see 38.321, clause 5.7).

	[bookmark: _Hlk515565132]sp-CSI-RNTI
RNTI for Semi-Persistent CSI reporting on PUSCH (see CSI-ReportConfig) (see TS 38.214 [19], clause 5.2.1.5.2). Network always configures the UE with a value for this field when at least one CSI-ReportConfig with reportConfigType set to semiPersistentOnPUSCH is configured.

	tpc-PUCCH-RNTI
RNTI used for PUCCH TPC commands on DCI (see TS 38.213 [13], clause 10.1).

	tpc-PUSCH-RNTI
RNTI used for PUSCH TPC commands on DCI (see TS 38.213 [13], clause 10.1).

	tpc-SRS-RNTI
RNTI used for SRS TPC commands on DCI (see TS 38.213 [13], clause 10.1).

	xScale
The UE is allowed to drop NR only if the power scaling applied to NR results in a difference between scaled and unscaled NR UL of more than xScale dB (see TS 38.101-3 [34]). If the value is not configured for dynamic power sharing, the UE assumes default value of 6 dB. This field is only used in EN-DC.



	[bookmark: _Hlk515565141]Conditional Presence
	Explanation

	MCG-Only
	This field is optionally present, Need R, in the PhysicalCellGroupConfig of the MCG. It is absent otherwise. 

	SCG-Only
	This field is optionally present, Need S, in the PhysicalCellGroupConfig of the SCG in EN-DC as defined in TS 38.101-3 [34]. It is absent otherwise.



1.5. PS_offset, PS_WakeUpOrNot
[bookmark: _Toc20425999]-	MAC-CellGroupConfig
The IE MAC-CellGroupConfig is used to configure MAC parameters for a cell group, including DRX.
MAC-CellGroupConfig information element
-- ASN1START
-- TAG-MAC-CELLGROUPCONFIG-START

MAC-CellGroupConfig ::=             SEQUENCE {
    drx-Config                          SetupRelease { DRX-Config }                                     OPTIONAL,   -- Need M
    schedulingRequestConfig             SchedulingRequestConfig                                         OPTIONAL,   -- Need M
    bsr-Config                          BSR-Config                                                      OPTIONAL,   -- Need M
    tag-Config                          TAG-Config                                                      OPTIONAL,   -- Need M
    phr-Config                          SetupRelease { PHR-Config }                                     OPTIONAL,   -- Need M
    skipUplinkTxDynamic                 BOOLEAN,
    ...,
    [[
    csi-Mask                                BOOLEAN                                                     OPTIONAL,   -- Need M
    dataInactivityTimer                     SetupRelease { DataInactivityTimer }                        OPTIONAL    -- Cond MCG-Only
    ]],
    [[
    ps_offset                               SetupRelease { PS_Offset }                                              -- Cond DCP
    ps-WakeUpOrNot                          BOOLEAN                                                     OPTIONAL    -- Cond DCP
    ]]

}

DataInactivityTimer ::=         ENUMERATED {s1, s2, s3, s5, s7, s10, s15, s20, s40, s50, s60, s80, s100, s120, s150, s180}
PS_Offset ::=                   ENUMERATED {s1, s2, …sx}

-- TAG-MAC-CELLGROUPCONFIG-STOP
-- ASN1STOP

	MAC-CellGroupConfig field descriptions

	csi-Mask
If set to true, the UE limits CSI reports to the on-duration period of the DRX cycle, see TS 38.321 [3].

	dataInactivityTimer
Releases the RRC connection upon data inactivity as specified in clause 5.3.8.5 and in TS 38.321 [3]. Value s1 corresponds to 1 second, value s2 corresponds to 2 seconds, and so on.

	drx-Config
Used to configure DRX as specified in TS 38.321 [3].

	ps_offset
Used to configure the offset between start of WUS monitoring occasion(s) and the start of drx-OnDurationTimer as specified in TS 38.321 [3].

	ps-WakeUpOrNot
When PDCCH-WUS outside active time is not detected, this indicates whether UE wakes up or UE does not wake up. Value True indicates the UE wakes up and value False indicates the UE not to wake up. Default is False.

	skipUplinkTxDynamic
If set to true, the UE skips UL transmissions as described in TS 38.321 [3].


[bookmark: _GoBack]
	Conditional Presence
	Explanation

	MCG-Only
	This field is optionally present, Need M, for the MAC-CellGroupConfig of the MCG. It is absent otherwise.

	DCP
	The field is optionally present, Need R, when a search space is configured for monitoring DCI format 3-0 with CRC scrambled by PS-RNTI in any of the BWPs of the SpCell. It is absent otherwise.



1.6. DCI format 3-0
[bookmark: _Toc20426032]–	PDCCH-Config
The IE PDCCH-Config is used to configure UE specific PDCCH parameters such as control resource sets (CORESET), search spaces and additional parameters for acquiring the PDCCH. If this IE is used for the scheduled cell in case of cross carrier scheduling, the fields other than searchSpacesToAddModList and searchSpaceToReleaseList are absent.
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-v16xy      SEQUENCE(SIZE (1..10)) OF SearchSpace-v16xy                 OPTIONAL    -- Need N
    ]]
}

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

	PDCCH-Config field descriptions

	controlResourceSetToAddModList
List of UE specifically configured Control Resource Sets (CORESETs) to be used by the UE. The network configures at most 3 CORESETs per BWP per cell (including UE-specific and common CORESETs). In case network reconfigures control resource set with the same ControlResourceSetId as used for commonControlResourceSet configured via PDCCH-ConfigCommon, the configuration from PDCCH-Config always takes precedence and should not be updated by the UE based on servingCellConfigCommon.

	downlinkPreemption
Configuration of downlink preemption indications to be monitored in this cell (see TS 38.213 [13], clause 11.2).

	searchSpacesToAddModList
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). The field searchSpacesToAddModList-v16xy is only used for the monitoring of DCI with CRC scrambled by PS-RNTI and can only be configured on the SpCell.

	tpc-PUCCH
Enable and configure reception of group TPC commands for PUCCH.

	tpc-PUSCH
Enable and configure reception of group TPC commands for PUSCH.

	tpc-SRS
Enable and configure reception of group TPC commands for SRS.




-- 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
}


SearchSpace-v16xy ::=                         SEQUENCE {
    searchSpaceId                           SearchSpaceId,
    searchSpaceType-v16xy                   CHOICE {
        common-v16xy                            SEQUENCE {
            dci-Format3-0-v16xy                     SEQUENCE {
                ...
            }                                                                                           OPTIONAL   -- Need R
    }                                                                                                   OPTIONAL    -- Cond Setup
}

-- TAG-SEARCHSPACE-STOP
-- ASN1STOP

-- 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 according to TS 38.213 [13], clause 10.1.

	dci-Format2-0
If configured, UE monitors the DCI format 2_0 according to TS 38.213 [13], clause 10.1, 11.1.1.

	dci-Format2-1
If configured, UE monitors the DCI format 2_1 according to TS 38.213 [13], clause 10.1, 11.2.

	dci-Format2-2
If configured, UE monitors the DCI format 2_2 according to TS 38.213 [13], clause 10.1, 11.3.

	dci-Format2-3
If configured, UE monitors the DCI format 2_3 according to TS 38.213 [13], clause 10.1, 11.4

	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, except for DCI format 2_0. The UE ignores this field for DCI format 2_0. The maximum valid duration is periodicity-1 (periodicity as given in the monitoringSlotPeriodicityAndOffset).

	monitoringSlotPeriodicityAndOffset
Slots for PDCCH Monitoring configured as periodicity and offset. If the UE is configured to monitor DCI format 2_1, only the values 'sl1', 'sl2' or 'sl4' are applicable.  If the UE is configured to monitor DCI format 2_0, only the values ′sl1′, ′sl2′, ′sl4′, ′sl5′, ′sl8′, ′sl10′, ′sl16′, and ′sl20′ are applicable (see TS 38.213 [13], clause 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, and the second most significant (left) bit represents the second OFDM symbol in a slot and so on. The bit(s) set to one identify the first OFDM symbol(s) of the control resource set within a slot. If the cyclic prefix of the BWP is set to extended CP, the last two bits within the bit string shall be ignored by the UE .
For DCI format 2_0, the first one symbol applies if the duration of CORESET (in the IE ControlResourceSet) identified by controlResourceSetId indicates 3 symbols, the first two symbols apply if the duration of CORESET identified by controlResourceSetId indicates 2 symbols, and the first three symbols apply if the duration of CORESET identified by controlResourceSetId indicates 1 symbol.
See TS 38.213 [13], clause 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 (see TS 38.213 [13], clause 11.1.1).

	nrofCandidates
Number of PDCCH candidates per aggregation level. 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). If configured in the SearchSpace of a cross carrier scheduled cell, this field determines the number of candidates and aggregation levels to be used on the linked scheduling cell (see TS 38.213 [13], clause 10).

	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. In case of cross carrier scheduling, search spaces with the same searchSpaceId in scheduled cell and scheduling cell are linked to each other. The UE applies the search space for the scheduled cell only if the DL BWPs in which the linked search spaces are configured in scheduling cell and scheduled cell are both active.

	searchSpaceType
Indicates whether this is a common search space (present) or a UE specific search space as well as DCI formats to monitor for. In case searchSpaceType-v16xy is signalled,  the UE ignores the seachSpaceType with the same search space id in this field.

	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)
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	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, Need M, otherwise.




