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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]This contribution discusses potential impact on the RRC parameter that is needed to support the feature "Multiple PUSCHs scheduling by single DCI for non-consecutive slots in FR1" introduced by RAN1 TEI18, and provide corresponding TP to TS 38.331.  
Discussion
The feature "multi-PUSCH scheduling with single DCI 0_1 for non-contiguous slots in FR1" was introduced by RAN1 TEI18 with the following agreement in RAN1 #112 [1]:
	Agreement (proposal #1)
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


Although RAN1 concluded no RAN1 impact by this feature above, in RAN1 RRC parameter list [1], RAN1 left it to RAN2 to decide whether a new RRC parameter is needed or an existing RRC parameter extendedK2 can be relied on to support this RAN1 TEI18 feature, with the following agreements in [2]:
	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 


Based on the above RAN1 conclusion in yellow, this new Rel-18 feature can only be supported with an extendedK2 value no larger than 32. As an example in the figure below, the extendedK2 for each PUSCH resource scheduled in the non-contiguous multiple PUSCHs by a DCI 0_1 in FR1 needs to be within the value range {1, 2, 3, … 32}, meaning that extendedK2 included in each PUSCH-Allocation-r16 ought to be configured with a value no bigger than 32, if multiple non-contiguous PUSCH are configured per PDCCH in FR1. That means that once this new Rel-18 feature is configured with extendedK2 in FR1, network can only configure parameter extendedK2 with a value no larger than 32; otherwise, the feature does not work. [image: ]
Figure 1: An Example of Multiple non-continuous PUSCH scheduling over FR1
[bookmark: _GoBack]Observation 1: RAN1 only supports the feature "multiple PUSCHs scheduling by single DCI for non-consecutive slots" in FR1, with the extendedK2 value for each PUSCH scheduled no larger than 32. That means this feature does not work, if network configures the feature in FR1 but sets an extendedK2 value larger than 32. 
Since this restriction is related to whether a configured feature can really work or not, we think it needs to be specified in field description of extendedK2 as guidance for NW configuration. It may not be possible to simply rely on the network implementation to avoid erroneous configuration, because without being aware of this guideline from the Spec, NW implementation will have no idea on what the right extendedK2 values ought to be, when configuring this feature in FR1. One cannot assume the NW implements this feature simply based on the above agreement in RAN1 RRC parameter list. 
Based on the above analyses, we do not need to introduce a new parameter but only need to capture the above RAN1 agreement to restrict the value range of extendedK2 when this TEI18 feature is configured. This is proposed as follows:
Proposal 1: Capture the value range of extendedK2 for FR1 in the field description according to RAN1 conclusion.
If Proposal 1 can be agreed, RAN2 can adopt the TP in the Appendix. 
Proposal 2: Adopt TP in the Appendix if Proposal 1 is agreeable. 
Conclusion
To support RAN1 TEI18 feature "Multiple PUSCHs scheduling by single DCI for non-consecutive slots in FR1", below proposals are proposed:
Proposal 1: Capture the value range of extendedK2 for FR1 in the field description according to RAN1 conclusion.
Proposal 2: Adopt TP in the Appendix if Proposal 1 is agreeable.
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Appendix: TP to extendedK2

[bookmark: _Toc60777326][bookmark: _Toc146781405]–	PUSCH-TimeDomainResourceAllocationList
The IE PUSCH-TimeDomainResourceAllocation is used to configure a time domain relation between PDCCH and PUSCH. PUSCH-TimeDomainResourceAllocationList contains one or more of such PUSCH-TimeDomainResourceAllocations. The network indicates in the UL grant which of the configured time domain allocations the UE shall apply for that UL grant. The UE determines the bit width of the DCI field based on the number of entries in the PUSCH-TimeDomainResourceAllocationList. Value 0 in the DCI field refers to the first element in this list, value 1 in the DCI field refers to the second element in this list, and so on.
PUSCH-TimeDomainResourceAllocation information element
-- 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

	PUSCH-TimeDomainResourceAllocationList field descriptions

	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 and for multiple non-contiguous PUSCHs in FR1.
[bookmark: _Hlk133917369]When the field is absent for the first PUSCH if multiple PUSCH are configured per PDCCH and k2-r16 is absent, or when the field is absent and only one PUSCH is configured per PDCCH and k2-r16 is absent, 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. If multiple contiguous PUSCHs are configured per PDCCH, when the field extendedK2(n) corresponding to k2 of the PUSCH(s) in the n-th slot (n>1), or of the PUSCH(s) except the first PUSCH in the first slot (n=1), is absent, the UE applies k2 of the first PUSCH plus n-1.

	k2
Corresponds to L1 parameter 'K2' (see TS 38.214 [19], clause 6.1.2.1). When the field is absent the UE applies the value 1 when PUSCH SCS is 15/30 kHz; the value 2 when PUSCH SCS is 60 kHz, and the value 3 when PUSCH SCS is 120 kHz. k2 is absent/ignored if extendedK2 is present.

	length
Indicates the length allocated for PUSCH for DCI format 0_1/0_2 (see TS 38.214 [19], clause 6.1.2.1).

	mappingType
Mapping type (see TS 38.214 [19], clause 6.1.2.1).

	numberOfRepetitions
Number of repetitions for DCI format 0_1/0_2 (see TS 38.214 [19], clause 6.1.2.1). When numberOfSlotsTBoMS-r17 is set to 2, 4 or 8 (i.e. TB processing over multi-slot (TBoMS) PUSCH is enabled), it indicates the number of repetitions of a single TBoMS.

	numberOfRepetitionsExt
Number of repetitions for DCI format 0_1/0_2 if pusch-RepTypeIndicatorDCI-0-1/pusch-RepTypeIndicatorDCI-0-2 is not set to pusch-RepTypeB (see TS 38.214 [19], clause 6.1.2.1). If this field is present, the field numberOfRepeitions-r16 is ignored for PUSCH repetition Type A.

	numberOfSlotsTBoMS
Number of slots allocated for TB processing over multi-slot PUSCH for DCI format 0_1/0_2. If a number of repetitions K is configured by numberOfRepetitions or numberOfRepetitionsExt, the network configures numberOfSlotsTBoMS (N) and K such that N*K ≤ 32 (see TS 38.214 [19], clause 6.1.2.1). The network does not configure the numberOfSlotsTBoMS-r17 simultaneously with the pusch-TimeDomainAllocationListForMultiPUSCH-r16.

	puschAllocationList
The field puschAllocationList-r16 indicates one or multiple PUSCH continuous in time domain which share a common k2 (see TS 38.214 [19], clause 6.1.2.1). In this release, this field configures one or multiple PUSCH that may be in consecutive or non-consecutive slots (see TS 38.214 [19], clause 6.1.2.1). The puschAllocationList-r16 only has one element in pusch-TimeDomainAllocationListDCI-0-1-r16 and in pusch-TimeDomainAllocationListDCI-0-2-r16.

	startSymbol
Indicates the index of start symbol for PUSCH for DCI format 0_1/0_2 (see TS 38.214 [19], clause 6.1.2.1).

	startSymbolAndLength
An index giving valid combinations of start symbol and length (jointly encoded) as start and length indicator (SLIV). The network configures the field so that the allocation does not cross the slot boundary. (see TS 38.214 [19], clause 6.1.2.1).



	Conditional Presence
	Explanation

	Format01-02
	In pusch-TimeDomainAllocationListForMultiPUSCH-r16, the field is absent.
In pusch-TimeDomainAllocationListDCI-0-1 and in pusch-TimeDomainAllocationListDCI-0-2, the field is mandatory present.

	Format01-02-For-TypeA
	In pusch-TimeDomainAllocationListForMultiPUSCH-r16, the field is absent.
In pusch-TimeDomainAllocationListDCI-0-1, the field is optionally present if pusch-RepTypeIndicatorDCI-0-1 is not set to pusch-RepTypeB, Need R. It is absent otherwise, Need R.
In pusch-TimeDomainAllocationListDCI-0-2, the field is optionally present if pusch-RepTypeIndicatorDCI-0-2 is not set to pusch-RepTypeB, Need R. It is absent otherwise, Need R.

	NotFormat01-02-Or-TypeA
	In pusch-TimeDomainAllocationListForMultiPUSCH-r16, the field is mandatory present.
In pusch-TimeDomainAllocationListDCI-0-1, the field is mandatory present if pusch-RepTypeIndicatorDCI-0-1 is not set to pusch-RepTypeB. It is absent otherwise, Need R.
In pusch-TimeDomainAllocationListDCI-0-2, the field is mandatory present if pusch-RepTypeIndicatorDCI-0-2 is not set to pusch-RepTypeB. It is absent otherwise, Need R.

	RepTypeB
	In pusch-TimeDomainAllocationListForMultiPUSCH-r16, the field is absent.
In pusch-TimeDomainAllocationListDCI-0-1, the field is mandatory present if pusch-RepTypeIndicatorDCI-0-1 is set to pusch-RepTypeB. It is absent otherwise, Need R.
In pusch-TimeDomainAllocationListDCI-0-2, the field is mandatory present if pusch-RepTypeIndicatorDCI-0-2 is set to pusch-RepTypeB. It is absent otherwise, Need R.

	MultiPUSCH
	In case size of puschAllocationList is higher than 1, the field extendedK2(n) corresponding to k2 of the n-th PUSCH, n>1, is mandatory present for all n if any two consecutive PUSCHs are non-contiguous. Otherwise, it is optionally present, Need S.
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