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1. [bookmark: _Ref165266342]Introduction
RAN2 has received an LS from RAN1 ([1]) during RAN2#121bis-e, requesting a correction to the signaling conditions for “k2” for multi-PUSCH with a suggested TP.
There were also several CRs on this issue where some companies had other proposals and changes to the related signaling. The discussion in RAN2#121bis-e did not conclude and was posptoned.
In this contribution, we discuss the issue triggered by RAN1 LS and propose a resolution.
2. Discussion 
RAN1 LS first describes the difference between Rel-16 and Rel-17 multi-PUSCH as follows:
· Type 1: Rel-16 multi-PUSCH scheduling, where a row of the TDRA table can indicate 2 to 8 contiguous PUSCHs
· Type 2: Rel-17 multi-PUSCH scheduling, where a row of the TDRA table can indicate 2 to 8 non-contiguous PUSCHs
Observation 1: According to RAN1 LS, Rel-16 Type 1 is for contiguous multi-PUSCH and Rel-17 Type 2 is for non-contiguous multi-PUSCH.
The LS further states how the k2 should be signaled for each PUSCH in multi-PUSCH as follows:
According to 38.214 specification, UE determines K2 from k2-r16 (rather than extendedK2-r17) for Type 1 while UE determines K2 from extendedK2-r17 for Type 2.
Observation 2: According to RAN1 LS, k2-16 should be signaled for Rel-16 Type 1 while extendedK2-r17 should be signaled for Rel-17 Type 2.
We copy the related IEs from 38.331 here for reference:
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
    ]]
}

Since extendedK2-r17 should only be signaled for “Type 2”, i.e. non-contiguous PUSCH, RAN1 suggests the following change to the conditional presence for this IE:
	Conditional Presence
	Explanation

	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 PUSCHs are non-contiguous. Otherwise, it is optionally present, Need S.



We note that in Rel-16 contiguous multi-PUSCH, only the k2 for the first PUSCH can be signaled via k2-r16 and the UE derives k2 by the procedure in 38.214 6.1.2.1 as follows:
If pusch-TimeDomainAllocationListForMultiPUSCH in pusch-Config contains row indicating resource allocation for two to eight contiguous PUSCHs, K2 indicates the slot where UE shall transmit the first PUSCH of the multiple PUSCHs. Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the pusch-TimeDomainAllocationListForMultiPUSCH signalled in DCI format 0_1. 
In Rel-16, if k2-16 is not signaled by RRC, the UE applies the following rule:
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
The same rule is also used for extendedK2-r17 if this IE is not signaled for the first PUSCH.
It was claimed in RAN2#121bis-e that Rel-17 signaling can also be used for contiguous multi-PUSCH, i.e. Type 1. If that is allowed, the NW does not have to signal extendedK2-r17 for all PUSCH. Then, it is not clear how a Rel-17 UE derives k2 for PUSCH when it is not signaled. One option is for the UE to use similar behavior as Rel-16 as copied above.
Observation 3: If extendedK2-r17 can be used for contiguous multi-PUSCH, RAN1 suggested TP makes it optional for the NW to signal K2. Then, it is not clear how the UE derives k2, e.g. whether to use similar rules as Rel-16 or apply a different formula.
Ericsson proposed an alternative formula for the contiguous multi-PUSCH in R2-2303557 ([2]), assuming that extendedK2-r17 can be used for contiguous multi-PUSCH:
If multiple contiguous PUSCH are configured per PDCCH, when the field extendedK2(n) corresponding to k2 of the n-th PUSCH, n>1 is absent, the UE applies k2 of the first PUSCH plus n-1.
The same formula was also proposed in R2-2200942 ([3]) during RAN2#116bis-e ASN.1 review but was not agreed by RAN2 ([4]).
RAN2 first has to understand whether extendedK2-r17 can indeed be used for contiguous multi-PUSCH. Since this feature was developed by RAN1, they should clarify this.
Proposal 1: RAN2 should send an LS to RAN1 to clarify whether extendedK2-r17 can be used for contiguous multi-PUSCH.
If extendedK2-r17 can also be used for contiguous multi-PUSCH, then there is no reason to change the existing ASN.1 since extendedK2-r17 is mandatory for Rel-17 multi-PUSCH when n > 1 and the rule for the first PUSCH when it is missing is already captured in the field description. In other words, the existing signaling works as is and both the UE and NW behavior can be kept unchanged. RAN2 should indicate this to RAN1. 
If extendedK2-r17 can only be used for non-contiguous multi-PUSCH, RAN1 suggested TP in the LS can be adopted and no further changes to ASN.1 is necessary.
We also note that any changes to derivation of k2 should be discussed and agreed in RAN1 since this is outside RAN2 scope.
Observation 4: Any changes to the derivation of k2 for multi-PUSCH should be be discussed and agreed by RAN1.
Proposal 2: RAN2 should capture the following in the response LS to RAN1:
· If extendedK2-r17 can only be used for non-contiguous multi-PUSCH, RAN2 agrees with the RAN1 suggested changes in their LS R1-2302144.
· If extendedK2-r17 can also be used for contiguous multi-PUSCH, then there are no issues with the current ASN.1 and no further changes are necessary.

3. Conclusion
In this document, we discussed the k2 signaling for multi-PUSCH and propose the following:
Observation 1: According to RAN1 LS, Rel-16 Type 1 is for contiguous multi-PUSCH and Rel-17 Type 2 is for non-contiguous multi-PUSCH.
Observation 2: According to RAN1 LS, k2-16 should be signaled for Rel-16 Type 1 while extendedK2-r17 should be signaled for Rel-17 Type 2.
Proposal 1: RAN2 should send an LS to RAN1 to clarify whether extendedK2-r17 can be used for contiguous multi-PUSCH.
Observation 3: If extendedK2-r17 can be used for contiguous multi-PUSCH, RAN1 suggested TP makes it optional for the NW to signal K2. Then, it is not clear how the UE derives k2, e.g. whether to use similar rules as Rel-16 or apply a different formula.
Observation 4: Any changes to the derivation of k2 for multi-PUSCH should be be discussed and agreed by RAN1.
Proposal 2: RAN2 should capture the following in the response LS to RAN1:
· If extendedK2-r17 can only be used for non-contiguous multi-PUSCH, RAN2 agrees with the RAN1 suggested changes in their LS R1-2302144.
· If extendedK2-r17 can also be used for contiguous multi-PUSCH, then there are no issues with the current ASN.1 and no further changes are necessary.
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