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1. Introduction
In the last RAN2 meeting, the following agreement about LCP enhancements for mapping between LCHs and CG configurations has been made [1]:
	· A single LCH can be map to multiple CG configurations.
· Multiple LCHs can be map to a single CG configuration.


In order to implement the above mapping restrictions, several options can be considered. In this contribution, we will analyse and compare three different implementation options, and provide our proposals.
2. Discussion
In the current NR specs, for each logical channel, several LCP mapping restrictions can be configured, i.e. allowedSCS-List, maxPUSCH-Duration, configuredGrantType1Allowed, and allowedServingCells. When a new transmission is performed, the MAC entity shall firstly select the logical channels whose traffic is allowed to be transmitted on the UL grant, according to the LCP mapping restrictions and the attributes of the UL grant. The detailed selection of logical channels is excerpted as follows from TS 38.321 [2]:
	The MAC entity shall, when a new transmission is performed:

1>
select the logical channels for each UL grant that satisfy all the following conditions:

2>
the set of allowed Subcarrier Spacing index values in allowedSCS-List, if configured, includes the Subcarrier Spacing index associated to the UL grant; and

2>
maxPUSCH-Duration, if configured, is larger than or equal to the PUSCH transmission duration associated to the UL grant; and

2>
configuredGrantType1Allowed, if configured, is set to true in case the UL grant is a Configured Grant Type 1; and

2>
allowedServingCells, if configured, includes the Cell information associated to the UL grant. Does not apply to logical channels associated with a DRB configured with PDCP duplication within the same MAC entity (i.e. CA duplication) for which PDCP duplication is deactivated.


Based on the above selection procedure, a logical channel can be selected if all the configured LCP restrictions match the UL grant. 
In the current LCP mapping restrictions, configuredGrantType1Allowed restricts whether a CG type 1 can be used by the logical channel. In the last RAN2 meeting, new mapping restrictions between LCHs and CG configurations were agreed. Based on the agreement, multiple CG configurations are allowed to be used by a single LCH, if configured by RRC. In addition, a single CG configuration is also allowed to be used by multiple LCHs. In order to implement the new mapping restrictions, the following three options can be considered.
Option-1: In LogicalChannelConfig IE, an allowedCG-List is introduced.

This option mainly follows the NR R15 principle. In LogicalChannelConfig IE, an allowedCG-List is configured. Since configured grant is per serving cell per BWP configured in NR, in each element of allowedCG-List, serving cell index, BWP index, as well as CG index should be indicated. This logical channel can be mapped to the CG configurations indicated by allowedCG-List. One example of RRC configuration is as follows (just an example, ConfiguredGrantIndex has not been introduced yet): 
	LogicalChannelConfig ::=            SEQUENCE {

    ul-SpecificParameters               SEQUENCE {

        priority                            INTEGER (1..16),

        prioritisedBitRate                  ENUMERATED {kBps0, kBps8, kBps16, kBps32, kBps64, kBps128, kBps256, kBps512,

                                            kBps1024, kBps2048, kBps4096, kBps8192, kBps16384, kBps32768, kBps65536, infinity},

        bucketSizeDuration                  ENUMERATED {ms5, ms10, ms20, ms50, ms100, ms150, ms300, ms500, ms1000,

                                                            spare7, spare6, spare5, spare4, spare3,spare2, spare1},

        allowedServingCells                 SEQUENCE (SIZE (1..maxNrofServingCells-1)) OF ServCellIndex

                                                                                                    OPTIONAL,   -- PDCP-CADuplication

        allowedSCS-List                     SEQUENCE (SIZE (1..maxSCSs)) OF SubcarrierSpacing       OPTIONAL,   -- Need R

        maxPUSCH-Duration                   ENUMERATED {ms0p02, ms0p04, ms0p0625, ms0p125, ms0p25, ms0p5, spare2, spare1}

                                                                                                    OPTIONAL,   -- Need R

        configuredGrantType1Allowed         ENUMERATED {true}                                       OPTIONAL,   -- Need R
        allowedCG-List                      SEQUENCE (SIZE (1..maxNrofCGs)) OF ConfiguredGrant      OPTIONAL,   -- Need R
        logicalChannelGroup                 INTEGER (0..maxLCG-ID)                                  OPTIONAL,   -- Need R

        schedulingRequestID                 SchedulingRequestId                                     OPTIONAL,   -- Need R

        logicalChannelSR-Mask               BOOLEAN,

        logicalChannelSR-DelayTimerApplied  BOOLEAN,

        ...,

        bitRateQueryProhibitTimer       ENUMERATED { s0, s0dot4, s0dot8, s1dot6, s3, s6, s12,s30}   OPTIONAL    -- Need R

    }                                                                                               OPTIONAL,   -- Cond UL

    ...

}
ConfiguredGrant ::= SEQUENCE {

        ServCellIndex,

        BWP-Id,

        ConfiguredGrantIndex,
}


Then for the selection of logical channels, an additional condition about allowedCG-List needs to be added. An example is as follows:

	The MAC entity shall, when a new transmission is performed:

1>
select the logical channels for each UL grant that satisfy all the following conditions:

2>
the set of allowed Subcarrier Spacing index values in allowedSCS-List, if configured, includes the Subcarrier Spacing index associated to the UL grant; and

2>
maxPUSCH-Duration, if configured, is larger than or equal to the PUSCH transmission duration associated to the UL grant; and

2>
configuredGrantType1Allowed, if configured, is set to true in case the UL grant is a Configured Grant Type 1; and

2>
allowedServingCells, if configured, includes the Cell information associated to the UL grant. Does not apply to logical channels associated with a DRB configured with PDCP duplication within the same MAC entity (i.e. CA duplication) for which PDCP duplication is deactivated; and
2>
allowedCG-List, if configured, includes the ConfiguredGrantIndex associated to the UL grant, in case the UL grant is a Configured Grant.


For a CG, the logical channels whose legacy LCP restrictions match the CG, as well as the allowedCG-List of this logical channel includes the CG index of this CG can be selected. Thus, in this option, when a CG configuration is mapped to a LCH, the RRC configuration should guarantee that the legacy LCP mapping restrictions should also match with the attributes of the CG. In other words, the SCS configured for this CG should be included in the allowedSCS-List of the LCH, and the PUSCH-Duration configured for this CG should be less than or equal to the maxPUSCH-Duration of the LCH. Besides, if the CG is CG type 1, the configuredGrantType1Allowed should be configured for the LCH and should be set to true.
Further, CG configurations may be coupled with logical channel configurations. Each time when a CG is reconfigured, the configurations of logical channels may need to be updated accordingly. For example, when a CG configuration is released by RRC, all logical channels need to remove the ConfiguredGrantIndex from its allowedCG-List, if included before.
Option-2: In ConfiguredGrantConfig IE, an allowedLCH-List is introduced.

In this option, an additional allowedLCH-List can be configured in ConfiguredGrantConfig IE. The logical channels indicated by allowedLCH-list can be mapped to this CG configuration. One example of RRC configuration is as follows:
	ConfiguredGrantConfig ::=           SEQUENCE {
    allowedLCH-List                     SEQUENCE(SIZE (1..maxLC-ID)) OF LogicalChannelIdentify                  OPTIONAL,   -- Need R
    frequencyHopping                    ENUMERATED {intraSlot, interSlot}                                       OPTIONAL,   -- Need S

    cg-DMRS-Configuration               DMRS-UplinkConfig,

    mcs-Table                           ENUMERATED {qam256, qam64LowSE}                                         OPTIONAL,   -- Need S

    mcs-TableTransformPrecoder          ENUMERATED {qam256, qam64LowSE}                                         OPTIONAL,   -- Need S

    uci-OnPUSCH                         SetupRelease { CG-UCI-OnPUSCH }                                         OPTIONAL,   -- Need M

    resourceAllocation                  ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch },

    rbg-Size                            ENUMERATED {config2}                                                    OPTIONAL,   -- Need S

    powerControlLoopToUse               ENUMERATED {n0, n1},

    p0-PUSCH-Alpha                      P0-PUSCH-AlphaSetId,

    transformPrecoder                   ENUMERATED {enabled, disabled}                                          OPTIONAL,   -- Need S

    nrofHARQ-Processes                  INTEGER(1..16),

    repK                                ENUMERATED {n1, n2, n4, n8},

    repK-RV                             ENUMERATED {s1-0231, s2-0303, s3-0000}                                  OPTIONAL,   -- Need R

    periodicity                         ENUMERATED {

                                                sym2, sym7, sym1x14, sym2x14, sym4x14, sym5x14, sym8x14, sym10x14, sym16x14, sym20x14,

                                                sym32x14, sym40x14, sym64x14, sym80x14, sym128x14, sym160x14, sym256x14, sym320x14, sym512x14,

                                                sym640x14, sym1024x14, sym1280x14, sym2560x14, sym5120x14,

                                                sym6, sym1x12, sym2x12, sym4x12, sym5x12, sym8x12, sym10x12, sym16x12, sym20x12, sym32x12,

                                                sym40x12, sym64x12, sym80x12, sym128x12, sym160x12, sym256x12, sym320x12, sym512x12, sym640x12,

                                                sym1280x12, sym2560x12

    },

    configuredGrantTimer                    INTEGER (1..64)                                                     OPTIONAL,   -- Need R

    rrc-ConfiguredUplinkGrant               SEQUENCE {

        timeDomainOffset                        INTEGER (0..5119),

        timeDomainAllocation                    INTEGER  (0..15),

        frequencyDomainAllocation               BIT STRING (SIZE(18)),

        antennaPort                             INTEGER (0..31),

        dmrs-SeqInitialization                  INTEGER (0..1)                                                  OPTIONAL,   -- Need R

        precodingAndNumberOfLayers              INTEGER (0..63),

        srs-ResourceIndicator                   INTEGER (0..15)                                                 OPTIONAL,   -- Need R

        mcsAndTBS                               INTEGER (0..31),

        frequencyHoppingOffset                  INTEGER (1.. maxNrofPhysicalResourceBlocks-1)                   OPTIONAL,   -- Need R

        pathlossReferenceIndex                  INTEGER (0..maxNrofPUSCH-PathlossReferenceRSs-1),

        ...

    }                                                                                                           OPTIONAL,   -- Need R

    ...

}


When a new transmission is performed on a dynamic grant or on a CG grant for which allowedLCH-List is not configured, the legacy procedure in NR Rel-15 can be used for selection of logical channels. However, when a new transmission is to be performed on a CG grant for which allowedLCH-List is configured, the logical channels indicated by the configured allowedLCH-list will be selected. An example is as follows:
	The MAC entity shall, when a new transmission is performed on a dynamic grant or on a Configured Grant for which allowedLCH-List is not configured:

1>
select the logical channels for each UL grant that satisfy all the following conditions:

2>
the set of allowed Subcarrier Spacing index values in allowedSCS-List, if configured, includes the Subcarrier Spacing index associated to the UL grant; and

2>
maxPUSCH-Duration, if configured, is larger than or equal to the PUSCH transmission duration associated to the UL grant; and

2>
configuredGrantType1Allowed, if configured, is set to true in case the UL grant is a Configured Grant Type 1; and

2>
allowedServingCells, if configured, includes the Cell information associated to the UL grant. Does not apply to logical channels associated with a DRB configured with PDCP duplication within the same MAC entity (i.e. CA duplication) for which PDCP duplication is deactivated.
The MAC entity shall, when a new transmission is performed on a Configured Grant for which allowedLCH-List is configured:

1>
select the logical channels indicated by the configured allowedLCH-list:


But the above logical channel selection procedure for a CG configured with allowedLCH-List may have some drawbacks. For a DRB configured with CA duplication, when PDCP duplication is activated, each logical channel associated with this DRB is only allowed to be transmitted on the serving cells indicated by the allowedServingCells for the logical channel. Thus, for one logical channel mapped to the CG configured with allowedLCH-List, if this logical channel is associated with a DRB configured with CA duplication and duplication has been activated, this logical channel shall not be selected for the CG always. Instead, this logical channel can be selected only if the CG is configured on one of the serving cells indicated by the allowedServingCells of such logical channel. Thus, the logical channel selection procedure for a CG configured with allowedLCH-List is better as follows (as an example):
	The MAC entity shall, when a new transmission is performed on a dynamic grant or on a Configured Grant for which allowedLCH-List is not configured:

1>
select the logical channels for each UL grant that satisfy all the following conditions:

2>
the set of allowed Subcarrier Spacing index values in allowedSCS-List, if configured, includes the Subcarrier Spacing index associated to the UL grant; and

2>
maxPUSCH-Duration, if configured, is larger than or equal to the PUSCH transmission duration associated to the UL grant; and

2>
configuredGrantType1Allowed, if configured, is set to true in case the UL grant is a Configured Grant Type 1; and

2>
allowedServingCells, if configured, includes the Cell information associated to the UL grant. Does not apply to logical channels associated with a DRB configured with PDCP duplication within the same MAC entity (i.e. CA duplication) for which PDCP duplication is deactivated.
The MAC entity shall, when a new transmission is performed on a Configured Grant for which allowedLCH-List is configured:

1>
select the logical channels for the Configured Grant that satisfy the following conditions:
2>
the LogicalChannelIdentity of the logical channel is included in the allowedLCH-List; and

2>
allowedServingCells, if configured, includes the Cell information associated to the Configured Grant. Does not apply to logical channels associated with a DRB configured with PDCP duplication within the same MAC entity (i.e. CA duplication) for which PDCP duplication is deactivated.


In this option, the whole logical channel selection procedure seems quite complex. Besides, logical channel configurations also couple with CG configurations.
Option-3: In LogicalChannelConfig IE, an allowed parameter list is introduced. The parameter can be periodicity of CG configurations, etc.
This option is somewhat similar to option-1. The difference is that in LogicalChannelConfig IE, some parameter restrictions instead of the allowedCG-List is configured, e.g. allowedPeriodicity-List. In this way, the logical channel can be mapped to the CG configuration whose periodicity is included in the allowedPeriodicity-List. One example of RRC configuration is as follows:
	LogicalChannelConfig ::=            SEQUENCE {

    ul-SpecificParameters               SEQUENCE {

        priority                            INTEGER (1..16),

        prioritisedBitRate                  ENUMERATED {kBps0, kBps8, kBps16, kBps32, kBps64, kBps128, kBps256, kBps512,

                                            kBps1024, kBps2048, kBps4096, kBps8192, kBps16384, kBps32768, kBps65536, infinity},

        bucketSizeDuration                  ENUMERATED {ms5, ms10, ms20, ms50, ms100, ms150, ms300, ms500, ms1000,

                                                            spare7, spare6, spare5, spare4, spare3,spare2, spare1},

        allowedServingCells                 SEQUENCE (SIZE (1..maxNrofServingCells-1)) OF ServCellIndex

                                                                                                    OPTIONAL,   -- PDCP-CADuplication

        allowedSCS-List                     SEQUENCE (SIZE (1..maxSCSs)) OF SubcarrierSpacing       OPTIONAL,   -- Need R

        maxPUSCH-Duration                   ENUMERATED {ms0p02, ms0p04, ms0p0625, ms0p125, ms0p25, ms0p5, spare2, spare1}

                                                                                                    OPTIONAL,   -- Need R

        configuredGrantType1Allowed         ENUMERATED {true}                                       OPTIONAL,   -- Need R
        allowedPeriodicity-List             SEQUENCE (SIZE (1..maxNrofCGs)) OF CG-Periodicity          OPTIONAL,   -- Need R
        logicalChannelGroup                 INTEGER (0..maxLCG-ID)                                  OPTIONAL,   -- Need R

        schedulingRequestID                 SchedulingRequestId                                     OPTIONAL,   -- Need R

        logicalChannelSR-Mask               BOOLEAN,

        logicalChannelSR-DelayTimerApplied  BOOLEAN,

        ...,

        bitRateQueryProhibitTimer       ENUMERATED { s0, s0dot4, s0dot8, s1dot6, s3, s6, s12,s30}   OPTIONAL    -- Need R

    }                                                                                               OPTIONAL,   -- Cond UL

    ...

}
CG-Periodicity                 ENUMERATED {

                                      sym2, sym7, sym1x14, sym2x14, sym4x14, sym5x14, sym8x14, sym10x14, sym16x14, sym20x14,

                                      sym32x14, sym40x14, sym64x14, sym80x14, sym128x14, sym160x14, sym256x14, sym320x14, sym512x14,

                                      sym640x14, sym1024x14, sym1280x14, sym2560x14, sym5120x14,

                                      sym6, sym1x12, sym2x12, sym4x12, sym5x12, sym8x12, sym10x12, sym16x12, sym20x12, sym32x12,

                                      sym40x12, sym64x12, sym80x12, sym128x12, sym160x12, sym256x12, sym320x12, sym512x12, sym640x12,

                                      sym1280x12, sym2560x12

    },




Then for the selection of logical channels, an additional condition about allowedPeriodicity-List needs to be added. An example is as follows:

	The MAC entity shall, when a new transmission is performed:

1>
select the logical channels for each UL grant that satisfy all the following conditions:

2>
the set of allowed Subcarrier Spacing index values in allowedSCS-List, if configured, includes the Subcarrier Spacing index associated to the UL grant; and

2>
maxPUSCH-Duration, if configured, is larger than or equal to the PUSCH transmission duration associated to the UL grant; and

2>
configuredGrantType1Allowed, if configured, is set to true in case the UL grant is a Configured Grant Type 1; and

2>
allowedServingCells, if configured, includes the Cell information associated to the UL grant. Does not apply to logical channels associated with a DRB configured with PDCP duplication within the same MAC entity (i.e. CA duplication) for which PDCP duplication is deactivated; and
2>
allowedPeriodicity-List, if configured, includes the periodicity of the UL grant in case the UL grant is a Configured Grant.


For a CG, the logical channels whose legacy LCP restrictions match the CG, as well as the allowedPeriodicity-List of this logical channel includes the periodicity of this CG can be selected. One advantage of this option is that the logical channel configurations decouples with CG configurations. Reconfiguration about logical channels will not affect CG configurations, and vice versa.
By comparing the above three options, we think option-3 have lowest complexity and should be considered.
Proposal 1: In LogicalChannelConfig IE, an allowed parameter list is introduced. The parameter can be periodicity of CG configurations, etc.
3. Conclusion
In this contribution, we have analysed three implementation options for the new mapping restrictions, and made the following proposal:
Proposal 1: In LogicalChannelConfig IE, an allowed parameter list is introduced. The parameter can be periodicity of CG configurations, etc.
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