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1	Introduction
In this contribution, we discuss the higher layer parameters for the agreed TEI-18 for single DCI scheduling multiple PUSCHs with non-consecutive allocations in FR1.
[bookmark: _Ref178064866]2	Discussion
In Rel-16, the feature multi-PUSCH scheduling was introduced whereby a single DCI 0_1 can schedule up to 8 PUSCHs. The feature is agnostic to subcarrier spacing, frequency range, and whether or not shared spectrum access is required for the frequency band. The only restriction in Rel-16 specifications is that the multiple scheduled PUSCHs occur in contiguous slots. The corresponding Rel-16 UE feature parameter is as follows (see [1])
	multiPUSCH-UL-grant-r16
Indicates whether the UE supports scheduling up to 8 PUSCH with a single DCI 0_1. This capability is also applicable to a frequency band that does not require shared spectrum access.
	Band
	No
	N/A
	N/A



In Rel-17, multi-PUSCH scheduling was extended to support non-contiguous slots in addition to contiguous slots. In contrast this feature is not agnostic to frequency range; it is limited to FR2 which includes sub-ranges FR2-1 (up to 52.6 GHz) and the newly introduced FR2-2 (up to 71 GHz). For FR2-1 the UE feature is limited to 120 kHz only. The corresponding Rel-17 UE feature parameter for FR2-1 is given is as follows (see [2]):
	multiPUSCH-SingleDCI-FR2-1-SCS-120kHz-r17
Indicates whether the UE supports multi-PUSCH scheduling by single DCI for the operation with 120kHz SCS in FR2-1 with non-contiguous allocation.
	Band
	No
	N/A
	N/A



During last meeting the following was agreed that extend the Rel-17 feature to FR1.
Agreement
Introduce UE feature(s) for multi-PUSCH scheduling with single DCI 0_1 for non-contiguous slots in FR1 for all defined SCSs
· Note: there is no RAN1 impact
The extension in Rel-17 to non-contiguous slots was enabled by RRC parameter extendedK2 as shown below (see[3])
	-- ASN1START
-- TAG-PUSCH-TIMEDOMAINRESOURCEALLOCATIONLIST-START

PUSCH-TimeDomainResourceAllocationList ::=  SEQUENCE (SIZE(1..maxNrofUL-Allocations)) OF PUSCH-TimeDomainResourceAllocation

PUSCH-TimeDomainResourceAllocation ::=  SEQUENCE {
    k2                                      INTEGER(0..32)                                  OPTIONAL,   -- Need S
    mappingType                             ENUMERATED {typeA, typeB},
    startSymbolAndLength                    INTEGER (0..127)
}

PUSCH-TimeDomainResourceAllocationList-r16 ::=  SEQUENCE (SIZE(1..maxNrofUL-Allocations-r16)) OF PUSCH-TimeDomainResourceAllocation-r16

PUSCH-TimeDomainResourceAllocation-r16 ::=  SEQUENCE {
    k2-r16                                     INTEGER(0..32)          OPTIONAL,   -- Need S
    puschAllocationList-r16                    SEQUENCE (SIZE(1..maxNrofMultiplePUSCHs-r16)) OF PUSCH-Allocation-r16,
...
}

PUSCH-Allocation-r16 ::=  SEQUENCE {
    mappingType-r16                           ENUMERATED {typeA, typeB}                     OPTIONAL,   -- Cond NotFormat01-02-Or-TypeA
    startSymbolAndLength-r16                  INTEGER (0..127)                              OPTIONAL,   -- Cond NotFormat01-02-Or-TypeA
    startSymbol-r16                           INTEGER (0..13)                               OPTIONAL,   -- Cond RepTypeB
    length-r16                                INTEGER (1..14)                               OPTIONAL,   -- Cond RepTypeB
    numberOfRepetitions-r16                   ENUMERATED {n1, n2, n3, n4, n7, n8, n12, n16} OPTIONAL,   -- Cond Format01-02
    ...,
    [[
    numberOfRepetitionsExt-r17                ENUMERATED {n1, n2, n3, n4, n7, n8, n12, n16, n20, n24, n28, n32, spare4, spare3, spare2,
                                                          spare1}                           OPTIONAL,   -- Cond Format01-02-For-TypeA
    numberOfSlotsTBoMS-r17                   ENUMERATED {n1, n2, n4, n8, spare4, spare3, spare2, spare1}   OPTIONAL,   -- Need R
    extendedK2-r17                            INTEGER (0..128)                              OPTIONAL    -- Cond MultiPUSCH
    ]]
}

-- TAG-PUSCH-TIMEDOMAINRESOURCEALLOCATIONLIST-STOP
-- ASN1STOP


	extendedK2
Corresponds to L1 parameter 'K2' (see TS 38.214 [19], clause 6.1.2.1) configurable per PUSCH allocation. Only values {0..32} are applicable for PUSCH SCS of 120 kHz.
When the field is absent for the first PUSCH if multiple PUSCH are configured per PDCCH, or when the field is absent and only one PUSCH is configured per PDCCH, the UE applies the value 1 when PUSCH SCS is 15/30 kHz; the value 2 when PUSCH SCS is 60 kHz, the value 3 when PUSCH SCS is 120 kHz, the value 11 when PUSCH SCS is 480 kHz, and the value 21 when PUSCH SCS is 960 kHz.



We provide the information to RAN2 to make necessary changes such that this parameter can be applied for Rel-18 for operation in FR1. Please note that the maximum range value is suggested to be reduced for FR1. 
Note that the attached Excel Sheet is provided for convenience, as well.
Therefore, we propose the following:
[bookmark: _Toc134725082]Endorse the higher layer parameter in Table 1 (or equivalently in the attached Excel sheet) for enabling in FR1 scheduling multiple PUSCHs on non-consecutive slots by a single DCI format 0_1.
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[bookmark: _Ref131432784]Table 1: Proposed RRC parameter for single DCI scheduling multiple PUSCHs on non-consecutive slots in FR1
	WI code
	Sub-feature group
	RAN1 specification
	Section
	RAN2 Parent IE
	RAN2 ASN.1 name
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	Required for initial access or IDL/INACTIVE
	Specification
	Comment

	 TEI18
	 Multiple PUSCHs scheduling by single DCI for non-consecutive slots in FR1
	 38.214
	 
	 PUSCH-TimeDomainResourceAllocationList
	 
	 extendedK2
	 Up to RAN2
	 
	 The field description of 
	 {0, .., 32}
	 
	 Per UE
	 
	 38.331
	Multiple PUSCHs scheduled by a single DCI format 0_1 in Rel-17 is enabled on non-consecutive slots by extendedK2-r17. However, the applicability to non-consecutive slots is permitted in Rel-17 only in FR2-1/FR2-2.
Based on the Rel-18 TEI agreement below , this feature is addiitonally enabled this for FR1 in Rel-18.
It is up to RAN2 how to implement the agreement below.
Please note that this row suggests a smaller range value, i.e. {0, ... . 32} for extendedK2 for FR1 as compared to Rel-17.
Agreement
Introduce UE feature(s) for multi-PUSCH scheduling with single DCI 0_1 for non-contiguous slots in FR1 for all defined SCSs
· Note: there is no RAN1 impact




3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Endorse the higher layer parameter in Table 1 (or equivalently in the attached Excel sheet) for enabling in FR1 scheduling multiple PUSCHs on non-consecutive slots by a single DCI format 0_1.
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[bookmark: _Ref174151459][bookmark: _Ref189809556][bookmark: _Toc101615139]References
[bookmark: _Ref100327277][bookmark: _Ref127477506][bookmark: _Ref131679177][bookmark: _Ref60753713][bookmark: _Hlk75780486]3GPP TS 38.306, “User Equipment (UE) radio access capabilities (Release 16),” v.16.12.0.
[bookmark: _Ref127477834]3GPP TS 38.306, “User Equipment (UE) radio access capabilities (Release 17),” v.17.4.0.
[bookmark: _Ref134723536]3GPP TS 38.331, “Radio Resource Control (RRC) protocol specification (Release 17),” v.17.4.0.

