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1	Introduction
We discuss aspects related to RAN1 LS R1-2302144.

[bookmark: _Ref178064866]2	Discussion
2.1	The need of additional changes due to RAN1 LS R1-2302144

In the LS, RAN1 observed the inconsistency between 38.214 and 38.331 specifications. The following two types of multi-PUSCH scheduling are supported:
· 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
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. However, according to 38.331 specification, if the size of puschAllocationList is higher than 1, the field extendedK2(n) corresponding to k2 of the n-th PUSCH, n>1, is mandatory present, which implies UE shall determine K2 from extendedK2-r17 regardless of Type 1 or Type 2.
To resolve this inconsistency issue, the following TP for 38.331 specification is provided as RAN1’s recommendation.
	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.



ACTION: 	RAN1 respectfully asks RAN2 to take the above information into account and capture it in TS 38.331.

RAN1 has suggested changes for extendedK2-r17 to make the field mandatory in case there is any two PUSCHs are non-contiguous.
[bookmark: _Toc134695709]RAN1 has suggested changes for extendedK2-r17 to make the field mandatory in case there is any two PUSCHs are non-contiguous
RAN1’s intension is understandable. However, the RAN1 suggested changes are incomplete. 
As shown in the below
	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.



With the suggested changes in the RAN1 LS, the “otherwise” condition would be different compared to the original texts.
In the original texts, the “otherwise” condition means that the first PUSCH, i.e., n==1, in that case the field is optionally present. The field description of extendedK2 has specified UE actions in case the field is absent.

	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.
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.



[bookmark: _Toc134695710]In the current texts, the field description of extendedK2 has only specified UE actions in case the field is absent and n==1. 
In the updated texts, the “otherwise” condition would be extended to also cover the case where all PUSCHs are contiguous.
[bookmark: _Toc134695711]With RAN1 suggested changes, the “otherwise” condition in the field description would be extended to cover the case where all PUSCHs are contiguous. 
If one of the k2(n) values corresponding to k2 of the PUSCHs in the n-th slot is absent, the NEED CODE is S. According to the guidelines specified in clause A.6 in RRC as shown in the below

The following rule provides guidance for determining need codes for optional downlink fields:
- if the field needs to be stored by the UE (i.e. maintained) when absent:
- use Need M (=Maintain);
- else, if the field needs to be released by the UE when absent:
- use Need R (=Release);
- else, if UE shall take no action when the field is absent (i.e. UE does not even need to maintain any existing value of the field):
- use Need N (=None);
- else (UE behaviour upon absence does not fit any of the above conditions):
- use Need S (=Specified);
- specify the UE behaviour upon absence of the field in the procedural text or in the field description table.

The UE behaviour upon absence of the field k2(n) in multi-PUSCH is missing and therefore needs to be specified.
[bookmark: _Toc134695712]The UE behaviour upon absence of the field extendedK2(n), n>1 is missing and therefore needs to be specified. 
Therefore, we would like to make the below proposal.
[bookmark: _Toc134695717]Given the changes recommended in the RAN1 LS R1-2302144 are incomplete, the UE behaviour upon absence of the field extendedK2(n), n>1 is missing and therefore needs to be specified.
In RAN2#121bis-e, some companies have raised below concerns regarding the issue and the proposed changes
· This is a Rel-16 functional NBC change from UE perspective.
· It conflicts with RAN1 specifications (38.214) and also Rel-16 RRC.
· This is a Rel-17 CR.

We don’t think the above reasons/concerns are valid due to the reason
1. the Rel-16 multi-PUSCH and the Rel-17 multi-PUSCH are different in terms of the number k2 values
According to the ASN.1 codes in the below,
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
    ]]
}

It is observed that k2-r16 and extendedK2-r17 are defined differently in terms of the number of k2 values for one multi-PUSCH. In other words, the Rel-16 multi-PUSCH contains only one k2 value, which indicates the slot where the first PUSCH of the multi-PUSCHs is to be transmitted. The Rel-17 multi-PUSCH (covering n slots) contains n k2 values wherein each k2(n) corresponds to k2 of the nth slot.
[bookmark: _Toc134695713]the Rel-16 multi-PUSCH and the Rel-17 multi-PUSCH are different in terms of the number of k2 values. In other words, the Rel-16 multi-PUSCH contains only one k2 value, which indicates the slot where the first PUSCH of the multi-PUSCHs is to be transmitted. The Rel-17 multi-PUSCH (covering n slots) contains n k2 values wherein each k2(n) corresponding to k2 of the nth slot, indicates the slot where the PUSCHs of the n-th slot are to be transmitted. 
Due to this difference, the issue is not existing for Rel-16. RRC only needs to specify UE behavior when the k2 of the first PUSCH is absent in Rel-16. While RRC needs to specify UE behavior when k2 of any slot is absent in Rel-17.
[bookmark: _Toc134695714]The issue is not existing for Rel-16, since RRC only needs to specify UE behavior when the k2 of the first PUSCH is absent in Rel-16. while RRC needs to specify UE behavior when k2 of any slot is absent in Rel-17. 
The companies also commented that the issue was discussed before in RAN2, but RAN2 has concluded no change.
We think the companies referred to the discussion in RAN2#116bis
Proposal C7: Discuss whether k2(n) should always be signaled vs the alternative proposal “If k2(n) is absent, k2(n) corresponding to k2 of the n-th PUSCH, n>1, the value k2(n) should be set to k2(n-1)+1”.
-	QC explains this was only for back-to-back multi-PUSCH signalling. If NW doesn't signal k2(n), UE assumes back-to-back scheduling. Nokia thinks back-to-back is quite unlikely so doesn't seem to be necessary optimization.
-	Ericsson thinks we can't specify gNB behaviour. Thinks RAN1 had considered the absence of the signalling. Apple thinks it's safer to just signal this always.

C7: k2(n) should always be signaled by the network. If RAN1 indicates there is a reason to specify the absence case, we can revisit this. 

In our understanding, RAN2 has concluded that the issue was valid, the solution was that the k2(n) needs to be always configured by the network. However, the issue becomes valid again if we adopt the changes recommended in the RAN1 LS R1-2302144.
[bookmark: _Toc134695715]RAN2 has discussed the similar issue in RAN2#116bis and adopted the solution that the field k2(n), n>1 needs to be always configured. 
[bookmark: _Toc134695716]The issue becomes valid again, i.e., the field k2(n), n>1 may be absent in case all PUSCHs are contiguous if we adopt the changes recommended in the RAN1 LS R1-2302144. 

2.2	Proposed additional changes due to RAN1 LS R1-2302144
RAN1 has made the below agreements regarding multi-PUSCH.
For single TRP operation, for 120 kHz SCS (same as current specification for FR2-1 for PUSCH),
· Subject to UE capability, a UE can be scheduled with more than one PDSCH in a slot, by a single DCI or multiple DCIs.
· Subject to UE capability, a UE can be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.
and for single TRP operation, for 480/960 kHz SCS,
· A UE does not expect to be scheduled with more than one unicast PDSCH in a slot, by a single DCI or multiple DCIs.
· A UE does not expect to be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.    
Based on the above agreements, it is observed that
· Case 1: for 120 kHz SCS, same as for Rel-16 multi-PUSCH, a UE can be scheduled with more than one PUSCH in a slot in case of multi-PUSCH
· Case 2: for 480 kHz SCS and 960 kHz SCS, a UE can be scheduled with only one PUSCH in a slot in case of multi-PUSCH
Both cases are illustrated in the below Figure
[image: ]
Figure 1. Two cases for multi-PUSCU.
The proposed changes need to cover case 1, since case 2 can be categorized as “non-contiguous” case for which the k2 values are mandatory to be configured.
We propose to include the following texts in the field description of extendedK2-r17 to address the issue
If multiple contiguous PUSCHs are configured per PDCCH, when the field extendedK2(n) corresponding to k2 of the PUSCHs in the n-th slot, n>1 is absent, the UE applies k2 of the first PUSCH plus n-1.

Therefore, we make the below proposal:
[bookmark: _Toc134695718]In addition to changes indicated in the RAN1 LS R1-2302144, include the below texts in the field description of extendedK2
a. [bookmark: _Toc134695719]If multiple contiguous PUSCHs are configured per PDCCH, when the field extendedK2(n) corresponding to k2 of the PUSCHs in the n-th slot, n>1 is absent, the UE applies k2 of the first PUSCH plus n-1.

	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.
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.
If multiple contiguous PUSCHs are configured per PDCCH, when the field extendedK2(n) corresponding to k2 of the PUSCHs in the n-th slot, n>1 is absent, the UE applies k2 of the first PUSCH plus n-1. 



We have also prepared the corresponding CR. 
[bookmark: _Toc134695720]Adopt the CR R2-2305114.
[bookmark: _Toc70424553][bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	RAN1 has suggested changes for extendedK2-r17 to make the field mandatory in case there is any two PUSCHs are non-contiguous
Observation 2	In the current texts, the field description of extendedK2 has only specified UE actions in case the field is absent and n==1.
Observation 3	With RAN1 suggested changes, the “otherwise” condition in the field description would be extended to cover the case where all PUSCHs are contiguous.
Observation 4	The UE behaviour upon absence of the field extendedK2(n), n>1 is missing and therefore needs to be specified.
Observation 5	the Rel-16 multi-PUSCH and the Rel-17 multi-PUSCH are different in terms of the number of k2 values. In other words, the Rel-16 multi-PUSCH contains only one k2 value, which indicates the slot where the first PUSCH of the multi-PUSCHs is to be transmitted. The Rel-17 multi-PUSCH (covering n slots) contains n k2 values wherein each k2(n) corresponding to k2 of the nth slot, indicates the slot where the PUSCHs of the n-th slot are to be transmitted.
Observation 6	The issue is not existing for Rel-16, since RRC only needs to specify UE behavior when the k2 of the first PUSCH is absent in Rel-16. while RRC needs to specify UE behavior when k2 of any slot is absent in Rel-17.
Observation 7	RAN2 has discussed the similar issue in RAN2#116bis and adopted the solution that the field k2(n), n>1 needs to be always configured.
Observation 8	The issue becomes valid again, i.e., the field k2(n), n>1 may be absent in case all PUSCHs are contiguous if we adopt the changes recommended in the RAN1 LS R1-2302144.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Given the changes recommended in the RAN1 LS R1-2302144 are incomplete, the UE behaviour upon absence of the field extendedK2(n), n>1 is missing and therefore needs to be specified.
Proposal 2	In addition to changes indicated in the RAN1 LS R1-2302144, include the below texts in the field description of extendedK2
a.	If multiple contiguous PUSCHs are configured per PDCCH, when the field extendedK2(n) corresponding to k2 of the PUSCHs in the n-th slot, n>1 is absent, the UE applies k2 of the first PUSCH plus n-1.
Proposal 3	Adopt the CR R2-2305114.

4 References
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Annex A 
[bookmark: _Toc60777326][bookmark: _Toc131065086][bookmark: _Toc46439061][bookmark: _Toc46443898][bookmark: _Toc46486659][bookmark: _Toc52836537][bookmark: _Toc52837545][bookmark: _Toc53006185][bookmark: _Toc20425633][bookmark: _Toc29321029][bookmark: _Toc36756613][bookmark: _Toc36836154][bookmark: _Toc36843131][bookmark: _Toc37067420][bookmark: _Hlk54206873]–	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.
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.
If multiple contiguous PUSCHs are configured per PDCCH, when the field extendedK2(n) corresponding to k2 of the PUSCHs in the n-th 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).

	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). The field pusch-AllocationList-r17 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. Otherwise, it is optionally present, Need S.
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