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1. Introduction
At RAN #81 meeting, one new WI DC and CA enhancements was approved [1]. This WID lists the following as its objectives:

	The objective of this work item is to investigate enhancements to DC and CA. At least the following topics should be considered in the work:

· Support of asynchronous and synchronous NR-NR Dual Connectivity [RAN1, RAN2, RAN4]

· UE power control [RAN1]

· RRC signalling to support of enhanced NR-NR DC [RAN2]

· Core requirements to support enhanced NR-NR DC [RAN4]

Note: Synchronous DC enhancements in this WID considers only cases not covered in Rel-15 exception sheet for NR WI NR_newRAT-Core. 

· Early Measurement reporting: Early and fast reporting of measurements information availability from neighbor and serving cells to reduce delay setting up MR-DC and/or CA. [RAN2, RAN4]

· This objective applies to MR-DC, NR-NR DC and CA

· The objective should consider measurements in IDLE, INACTIVE mode and CONNECTED mode

· The impacts on UE power consumption should be minimized

· The LTE Rel-15 euCA work should be utilized, when applicable

· Efficient and low latency serving cell configuration/activation/setup: Minimizing signalling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]

· This objective applies to MR-DC, NR-NR DC and CA

· The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode

· Fast recovery: Support fast recovery of MCG link e.g. by utilizing the SCG link and split SRBs for recovery during MCG failure while operating under MR-DC. [RAN2, RAN3]
· This objective applies to MR-DC and NR-NR DC

· Cross-carrier scheduling with different numerologies on the scheduling and scheduled carriers [RAN1, RAN2, RAN4]

· This objective applies to CA only.

· Target completion by RAN#84.

· Study and, if found beneficial over the existing single Tx switched uplink solution, specify enhancements to single Tx switched uplink solution for EN-DC, such as allowing all DL and UL subframes for data transmission for both NR and LTE. [RAN1].

Note: UE in single Tx switched uplink mode is not expected to be scheduled simultaneous transmission on MCG and SCG

The work on objective 2 and 3 should consider UEs in all states (i.e. IDLE, INACTIVE and CONNECTED). 

The work excludes combination of EN-DC and NR-NR DC configured for a UE.

At least scenarios with small cells should be considered, along with scenarios with large amounts of available cell bandwidth. Both FR1 and FR2 frequencies should be considered. The mechanisms already specified for LTE should be used as baseline for the work.


In this contribution, we discuss the signalling overhead for SCell configuration (highlighted above) and possible solutions for signalling overhead reduction.

2. Discussion
The reduced SCell configuration and activation signalling overhead has been studied in the LTE euCA WID. The common SCell configuration was agreed to resolve this problem, and the following agreements was made in RAN2#101 [2]:

Agreements:

1
Adopt the new common parameters structure as proposed in R2-1713491 / R2-1712257.
2
Dedicated Scell configuration can be used to override common parameter configuration.

3
Four common SCell parameter groups are allowed by the RRC signalling.

4
Do not define a new group-based MAC CE.

Observation 1: The common SCell configuration was adopted to reduce SCell configuration and activation signalling overhead in LTE euCA WID.

However, in the NR, there is no SCell configuration enhancement considered in Rel-15. In current release, each cell is configured for the UE according to the CellGroupConfig IE included in the RRC signalling. In the cell group, each SCell is signaled separately via the SCellConfig IE since it has been assumed that the configuration of each SCell is different, even if multiple SCells reside in the same gNB. In such case, the RRC structure for SCells are added or modified one at a time, and all the serving cell configuration parameters for one SCell are separated into their own structures. Therefore, the RRC signalling load for SCell configuration is N*SCellConfig, where N is the number of SCells. In case of DC and CA, there are up to 31 SCells configured for a UE, so the signalling overhead for SCell configuration is large. 

Observation 2: In current Rel-15, the signalling overhead for SCell configuration is large since each SCell is signaled separately for SCell addition/modification.

Additionally, in dual connectivity, the SCell configuration in SCG should be transferred between MN and SN via X2/Xn interface during SN addition/modification procedure, which also increases the X2/Xn signalling load.
Observation 3: The X2/Xn signalling overhead for SCell configuration is also large considering the transfer of SCG configuration between MN and SN.
Therefore, we propose that:

Proposal 1: In NR CA and MR-DC case, the common SCell configuration should be studied to reduce signalling overhead for SCell configuration.
Since the configuration for different SCells may contain the same content, once common parameters are configured for one SCell, they can be sent to the UE just using one copy for other SCells configuration. Thus, unnecessary signaling overhead can be significantly reduced by sharing common configuration parameters with multiple SCells. Furthermore, for those parameters that are specific for each SCell, delta signalling can be used to change current SCell configuration by overriding existing parameters or/and adding new parameters. Based on the common SCell configuration, several solutions are applicable to the signalling overhead reduction, as follows:

· Option A: Include one or several separate common SCell template(s), and configure SCells based on the template and delta configuration to the template.

In option A, there are several alternatives to utilize the common SCell template in SCell configuration:

Alt 1: one or several common SCell template(s) with just the common configuration parts can be defined. And each SCellconfig entry could indicate whether to use the template or not.  This is illustrated in Annex A as option A-1. 

Alt 2: just like the scheme adopted in LTE euCA, construct one or several SCell group(s) to include multiple SCells owning several common parameters. For each SCell group, a common SCell template is added to configure multiple SCells uniformly. Each SCell can be added or removed from the group to utilize these parameters unless the SCell-specific delta configuration has already signalled the same parameter. This is illustrated in Annex A as option A-2.

· Option B: Identify one or several SCell(s) as reference cell(s), and configure new SCells based on the configuration of the referenced cell and delta configuration to the referenced cell.

In option B, each SCellConfig entry could indicate whether to use the reference cell configuration by indicating the reference cell ID. For each SCell, assuming that its baseline configuration is the same as the reference SCell(s) configuration, delta configuration is then used to change the parameters which are different from the reference cell. This is illustrated in Annex A as option B.

Pros and cons of option A and option B are listed in the following table:

	
	Pros
	Cons

	Option A
	Similar scheme has been adopted in LTE euCA and can be directly introduced in NR cell configuration for simplicity. 
	This option has significant impact on the current ASN.1 code in TS 38.331, since new SCell template structure needs to be defined. 

For MR-DC case, SCells belonging to MCG and SCG may be allocated on different frequency band and have very different configuration. It will be difficult for both MCG and SCG to share the common SCell template.

	Option B
	This option has a minor impact on the existing ASN.1 code in TS 38.331.

It provides more flexibility for cell configuration since each SCell can refer to other SCell configuration by just indicating different reference SCell ID.
	This option may introduce unnecessary complexity if the reference cell also has other reference cell ID (e.g. Cell_A with reference Cell_B ID and Cell_B with reference Cell_C ID). In this case, Cell_A could refer to Cell_B configuration after constructing Cell_B configuration by referencing Cell_C configuration.


Proposal 2: Select one option between Option A and Option B provided in this contribution.
3. Conclusion
We have discussed the signalling overhead for SCell configuration, and proposed the following:
Observation 1: The common SCell configuration was adopted to reduce SCell configuration and activation signalling overhead in LTE euCA WID.

Observation 2: In current Rel-15, the signalling overhead for SCell configuration is large since each SCell is signaled separately for SCell addition/modification.

Observation 3: The X2/Xn signalling overhead for SCell configuration is also large considering the transfer of SCG configuration between MN and SN.
Proposal 1: In NR CA and MR-DC case, the common SCell configuration should be studied to reduce signalling overhead for SCell configuration.
Proposal 2: Select one option between Option A and Option B provided in this contribution.

· Option A: Include one or several separate common SCell template(s), and configure SCells based on the template and delta configuration to the template.

· Option B: Identify one or several SCell(s) as reference cell(s), and configure new SCells based on the configuration of the referenced cell and delta configuration to the referenced cell.
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5. Annex A: ASN.1 examples for common signalling

Option A-1: Define separate common parameters structure and each SCellConfig indicates whether to use that:

SCellConfig ::=                     SEQUENCE {

    sCellIndex                          SCellIndex,

    sCellConfigCommon                   ServingCellConfigCommon                                             OPTIONAL,   -- Cond SCellAdd

    sCellConfigDedicated                ServingCellConfig                                                   OPTIONAL,   -- Cond SCellAddMod

    ...,

    [[

    smtc                                SSB-MTC                                                             OPTIONAL    -- Need S

]],

[[


useCommonSCellConfiguration-r16
BOOLEAN


                                                OPTIONAL    -- Need N

]]

}

CommonSCellConfiguration-r16 ::= SEQUENCE {


-- Common parameters for the multiple SCells 

scellconfigCommonParameters-r16

SCellconfigCommonParameters-r16
}

-- TAG-CELL-GROUP-CONFIG-STOP

-- ASN1STOP

	useCommonSCellConfiguration-r16

Indicates whether to use the common SCell configuration.

	CommonSCellConfiguration-r16

Indicates the common SCell configuration.

	scellConfigCommonParameters-r16

Indicates the common configuration parameters.


Option A-2: Define separate common parameters structure and introduce SCell group structure to use that:

CellGroupConfig information element

-- ASN1START

-- TAG-CELL-GROUP-CONFIG-START

-- Configuration of one Cell-Group:

CellGroupConfig ::=                         SEQUENCE {

    cellGroupId                                 CellGroupId,

    rlc-BearerToAddModList                      SEQUENCE (SIZE(1..maxLC-ID)) OF RLC-BearerConfig            OPTIONAL,   -- Need N

    rlc-BearerToReleaseList                     SEQUENCE (SIZE(1..maxLC-ID)) OF LogicalChannelIdentity      OPTIONAL,   -- Need N

    mac-CellGroupConfig                         MAC-CellGroupConfig                                         OPTIONAL,   -- Need M

    physicalCellGroupConfig                     PhysicalCellGroupConfig                                     OPTIONAL,   -- Need M

    spCellConfig                                SpCellConfig                                                OPTIONAL,   -- Need M

    sCellToAddModList                           SEQUENCE (SIZE (1..maxNrofSCells)) OF SCellConfig           OPTIONAL,   -- Need N

sCellToReleaseList                          SEQUENCE (SIZE (1..maxNrofSCells)) OF SCellIndex            OPTIONAL,   -- Need N
sCellGroupToAddModList-r16                  SEQUENCE (SIZE (1..maxSCellGroups-r16)) OF SCellGroupToAddMod-r16   OPTIONAL,   -- Need N

sCellGroupToReleaseList-r16                 SEQUENCE (SIZE (1..maxSCellGroups-r16)) OF SCellGroupIndex-r16      OPTIONAL,   -- Need N

    ...,

    [[

    reportUplinkTxDirectCurrent-v1530           ENUMERATED {true}                                           OPTIONAL    -- Cond BWP-Reconfig

    ]]

}

-- Serving cell specific MAC and PHY parameters for a SpCell:

SpCellConfig ::=                        SEQUENCE {

    servCellIndex                       ServCellIndex                                                       OPTIONAL,   -- Cond SCG

    reconfigurationWithSync             ReconfigurationWithSync                                             OPTIONAL,   -- Cond ReconfWithSync

    rlf-TimersAndConstants              SetupRelease { RLF-TimersAndConstants }                             OPTIONAL,   -- Need M

    rlmInSyncOutOfSyncThreshold         ENUMERATED {n1}                                                     OPTIONAL,   -- Need S

    spCellConfigDedicated               ServingCellConfig                                                   OPTIONAL,   -- Need M

    ...

}

ReconfigurationWithSync ::=         SEQUENCE {

    spCellConfigCommon                  ServingCellConfigCommon                                             OPTIONAL,   -- Need M

    newUE-Identity                      RNTI-Value,

    t304                                ENUMERATED {ms50, ms100, ms150, ms200, ms500, ms1000, ms2000, ms10000},

    rach-ConfigDedicated                CHOICE {

        uplink                              RACH-ConfigDedicated,

        supplementaryUplink                 RACH-ConfigDedicated

    }                                                                                                       OPTIONAL,   -- Need N

    ...,

    [[

    smtc                                SSB-MTC                                                             OPTIONAL    -- Need S

    ]]

}

SCellConfig ::=                     SEQUENCE {

    sCellIndex                          SCellIndex,

    sCellConfigCommon                   ServingCellConfigCommon                                             OPTIONAL,   -- Cond SCellAdd

    sCellConfigDedicated                ServingCellConfig                                                   OPTIONAL,   -- Cond SCellAddMod

    ...,

    [[

    smtc                                SSB-MTC                                                             OPTIONAL    -- Need S

    ]]

}
SCellGroupToAddMod-r16 ::=          SEQUENCE {

sCellGroupIndex-r16                 SCellGroupIndex-r16,                                                    OPTIONAL    -- Need N                             

sCellConfigCommonPara-r16           SCellConfigCommonPara-r16                                               OPTIONAL    -- Need N

sCellToReleaseList-r16              sCellToReleaseList                                                      OPTIONAL    -- Need N

sCellToAddModList-r16               sCellToAddModList                                                       OPTIONAL    -- Need N

}

SCellGroupIndex-r16 ::=                           INTEGER (1..maxSCellGroups-r16)

SCellConfigCommonPara-r16 ::=           SEQUENCE {                           

sCellConfigCommon-r16               sCellConfigCommon                                                       OPTIONAL    -- Need N

sCellConfigDedicated-r16            sCellConfigDedicated                                                    OPTIONAL    -- Need N

}

-- TAG-CELL-GROUP-CONFIG-STOP

-- ASN1STOP

	sCellGroupToAddModList-r16

List of the SCell groups to be added or modified. 

	sCellGroupToReleaseList-r16

List of the SCell groups to be released.

	sCellConfigCommonPara-r16

Indicates the common configuration parameters for the SCell group.

	sCellGroupIndex

Indicates the identity of SCell groups for which a common configuration is provided.

	sCellConfigCommon-r16

Indicates common SCell parameters for a common SCell group. In case provided, each SCell in the group utilizes these parameters unless the Scell-specific configuration has already signalled the same parameter.

	sCellConfigDedicated-r16

Indicates dedicated SCell parameters for a common SCell group. In case provided, each SCell in the group utilizes these parameters unless the Scell-specific configuration has already signalled the same parameter.


Option B: Introduce reference cell ID for each SCellConfig:

SCellConfig ::=                     SEQUENCE {

    sCellIndex                          SCellIndex,

    sCellConfigCommon                   ServingCellConfigCommon                                             OPTIONAL,   -- Cond SCellAdd

    sCellConfigDedicated                ServingCellConfig                                                   OPTIONAL,   -- Cond SCellAddMod

    ...,

    [[

    smtc                                SSB-MTC                                                             OPTIONAL    -- Need S

]],

    [[

useReferenceSCellConfig-r16

BOOLEAN


                                                OPTIONAL    -- Need N
]]
}

ReferenceSCellConfig-r16 ::=            SEQUENCE {

    referenceCellIndex-r16              SCellIndex                                                              
}
-- TAG-CELL-GROUP-CONFIG-STOP

-- ASN1STOP

	useReferenceSCellConfig-r16

Indicates whether to use the reference SCell configuration.

	ReferenceSCellConfig-r16

Indicates the reference SCell configuration.

	referenceCellIndex-r16

Indicates the reference SCell ID.
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