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1	Introduction
In this contribution we discuss a few remaining issues on Rel-18 MIMO.
[bookmark: _Ref178064866]2	Discussion
[bookmark: _Hlk162382664]2.1	Unified TCI framework extension for multi-TRP
[bookmark: _Hlk162382744]2.1.1 Default TCI state for single-TRP PDSCH reception
In RAN1#113, RAN1 agreed
Agreement 
On unified TCI framework extension for S-DCI based MTRP, support the following:
· Using RRC configuration to indicate whether the first, second, or both of the indicated joint/DL TCI states is/are applied to PDSCH reception scheduled/activated by DCI format 1_0 
· If not configured, the first indicated joint/DL TCI state is applied
· Only when the UE is configured with PDSCH-CJT and the UE supports two joint TCI states for PDSCH-CJT or the UE is configured with PDSCH-SFN, the RRC configuration can indicate both indicated joint/DL TCI states are applied.
· For PDSCH-CJT and PDSCH-SFN, if the RRC configuration indicates both indicated joint/DL TCI states are applied, the UE shall apply both indicated joint/DL TCI states to PDSCH reception scheduled/activated by DCI format 1_0 on a search space other than Type0/0A/2 CSS on CORESET#0 (FFS: Other search space and/or CORESETs)
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, above applies regardless of the offset between the reception of the scheduling DCI format 1_0 and the scheduled/activated PDSCH reception
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above applies when the offset between the reception of the scheduling DCI format 1_0 and the scheduled/activated PDSCH reception is equal to or larger than a threshold


In RAN1#113, the following was also agreed:
Agreement
On unified TCI framework extension for S-DCI based MTRP, for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, above applies regardless of the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception
· If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above applies when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold

This specifies how the UE would determine the default beams (i.e., when TCI state selection field is not present) for PDSCH for the case when there are two indicated TCI states and two PDSCH are transmitted. The agreement does not provide a solution for the case where there are two indicated TCI states and one PDSCH is transmitted from one TRP, i.e., for multi-TRP PDCCH repetition with single-TRP transmission for PDSCH, HST-SFN PDCCH, multi-TRP PUCCH/PUSCH repetition, and STxMP with single-TRP PDSCH transmission:
[bookmark: _Toc149916732][bookmark: _Hlk146882889][bookmark: _Toc163229155]The UE cannot determine if the PDSCH is received from one or two TRPs in the absence of the TCI selection field.
In legacy, the UE determines if the PDSCH is received from one or two TRPs depending on how many TCI states are activated. This is not possible for the unified TCI framework, where two TCI states can be indicated even if the PDSCH is received from one TRP. 
The issue is illustrated in Figure 1 for PDCCH repetition and HST-SFN PDCCH with single-TRP PDSCH transmission. 
[bookmark: _Ref127179447][image: ]
[bookmark: _Ref127446768]Figure 1: Illustration of PDCCH repetition and HST-SFN transmission. The default indicated TCI state for PDSCH is undetermined for these two cases.
To solve this issue, we propose to reuse the RRC configuration agreed for DCI format 1_0 also for the case where there are two indicated TCI states and single-TRP PDSCH transmission: 
[bookmark: _Toc149916735][bookmark: _Toc163229160]Reuse the RRC parameter controlling the default indicated TCI state for DCI format 1_0 also for DCI format 1_1 and 1_2 for single-TRP PDSCH transmission with two indicated TCI states.
2.1.2	PUSCH configuration for multi-DCI based multi-TRP
RAN1 has introduced the following fields in the PUSCH configuration:
applyIndicatedTCI-State
multipanelSchemeSDM
multipanelSchemeSFN
sTx-2Panel

The first three parameters can only be configured with single-DCI transmission, whereas the last parameter can only be configured with multi-DCI transmission. RAN2 has attempted to capture this in 38.331 as configuration restrictions, but since the coresetPoolIndex is configured in a DL BWP and PUSCH in an UL BWP, it becomes difficult to formulate this accurately, since RRC configuration restrictions should be based on RRC configuration only, and not on dynamic signaling. Also, there is no relation between DL and UL BWPs. Based on this, we propose that the UL/DL BWP linking for applyIndicatedTCI-State, multipanelSchemeSDM, multipanelSchemeSFN and sTx-2Panel are captured in 38.214. A text proposal is provided in Appendix A.1.
[bookmark: _Toc163229161]Adapt the text proposals in Appendix A.1
Also note that the parameter names need to be aligned. This is described in Section 2.4.
2.2	UL precoding for multi-panel transmission 
Two new mTRP PUSCH schemes were introduced in NR Rel-18: STxMP SDM and SFN. For STxMP SDM, different layers of a same PUSCH transmission are mapped to different SRS resource sets, which is in contrast to other mTRP UL transmission schemes, and not captured in TS 38.211. Specifically, the description in Clause 6.3.15 of TS 38.211 on how to map PUSCH layers to antenna ports is not consistent with the description in Clause 6.1.1.1 of TS 38.214, as we have exemplified in the below.
Clause 6.3.1.5 of TS 38.211 details how to map  PUSCH layers to antenna ports via a precoding matrix  as follows:
[bookmark: _Toc19796421][bookmark: _Toc26459647][bookmark: _Toc29230296][bookmark: _Toc36026555][bookmark: _Toc45107394][bookmark: _Toc51774063][bookmark: _Toc161686615][bookmark: _Hlk496880698]6.3.1.5	Precoding
The block of vectors  shall be precoded according to

where , . The set of antenna ports  shall be determined according to the procedure in [6, TS 38.214]. 
For non-codebook-based transmission, the precoding matrix  equals the identity matrix.
For codebook-based transmission, the precoding matrix  depends on the number of antenna ports used for the transmission: 
-	for single-layer transmission on a single antenna port, ;
-	for transmissions using 2, or 4 antenna ports,  is given by Tables 6.3.1.5-1 to 6.3.1.5-7; 
…
The TPMI index used in the tables above is obtained from the DCI scheduling the uplink transmission or the higher layer parameters according to the procedure in [6, TS 38.214]. 
When the higher-layer parameter txConfig is not configured, the precoding matrix .

Note that STxMP SDM,  is the sum of layers over two SRS resource sets and as indicated by two TPMIs according to the below highlighted text in TS 38.214:    

6.1.1.1 	Codebook based UL transmission
…
When codepoint "10" of SRS Resource Set indicator is indicated, the first TPMI is used to indicate the precoder to be applied over layers {0…1-1}, where 1 is the number of layers indicated by the first TPMI, that corresponds to the SRS resource selected by the corresponding SRI when multiple SRS resources are configured for the applicable SRS resource set or if single SRS resource is configured for the applicable SRS resource set, and the second TPMI is used to indicate the precoder to be applied over layers {1…. 2+1-1}, where 2 is the number of layers indicated by the second TPMI, that corresponds to the SRS resource selected by the corresponding SRI
…
For one or two TPMI(s), the transmission precoder is selected from the uplink codebook that has a number of antenna ports equal to the higher layer parameter nrofSRS-Ports in SRS-Config for the indicated SRI(s), as defined in Clause 6.3.1.5 of [4, TS 38.211]”

To illustrate the issue, consider the case of CB-based STxMP SDM for the case when each SRS resource set contains a 2-port SRS resource. Further consider the case when the indicated number of layers for the first set is  and the indicated number of layers for the second set is , such that . According to the above highlighted text, since the number of SRS ports per set (i.e., the value of nrofSRS-Ports in SRS-Config) is 2, the number of antenna ports used to determine  in Clause 6.3.1.5 of TS 38.211 is 2 and, hence,  is a  matrix, mapping 3 layers to 2 antenna ports, which is not the intended behavior.
To address this issue, Clause 6.3.1.5 in TS 38.211 needs to be updated to reflect that  maps only the layers over one SRS resource set to the antenna ports in the corresponding SRS resource set. It can be further discussed how best to address to issue. In our understanding, only a subset of  will be precoded per .
[bookmark: _Toc163229162]Discuss how to align TS 38.211 with TS 38.214 with respect to precoding and layer split over SRS resource sets for STxMP SDM.
2.3	SRI/TPMI enhancement for enabling 8 TX UL transmission 
In RAN1#116, it was agreed to capture an agreement missed in RAN1#115 that requirements for coherent UL MIMO apply within an antenna port group, as shown below.  The agreement solved a long standing problem of what ‘coherent’ means in the RAN1 specifications, as there was no definition of ‘coherent’ in the RAN1 specs prior to the agreement (more details can be found in [1]).  Both an alternative of defining ‘coherent’ in the RAN1 specs and an alternative of referring to coherence requirements in the RAN4 specs were considered in RAN1#115, and the agreement below was reached that refers to the RAN4 specs.  Therefore, if the consequences if not approved are not clear enough, we think they can be amended to “Not capturing the agreed text proposal that defines coherence”.
Agreement
Per agreement in RAN1#115, adopt the following text to TS 38.214,
· Reason for change: Capturing a missing agreement,
· Summary of change: Add the statement as agreed,
· Consequences if not approved: Not capturing and agreed text proposal.
	6.1.1.1 Codebook based UL transmission
-------------------------------------------Unchanged parts are omitted-------------------------------------------
For codebook based transmission with eight antenna ports, the UE determines its codebook based upon the reception of higher layer parameter[s] CodebookType and ULcodebookFC-N1N2 if CodebookType is configured with Ng=1 in pusch-Config for PUSCH associated with DCI format 0_1 and 0_2, depending on the UE capability. According to the configured CodebookType, coherent UL MIMO operation applies within antenna port groups as defined in Table 6.3.1.5-8 of [4, TS 38.211]. According to the configured CodebookType, requirements for coherent UL MIMO in [38.101-1] and [38.101-2] apply within an antenna port group.
-------------------------------------------Unchanged parts are omitted-------------------------------------------




The above text was updated in RAN1#116, and so the change agreed in RAN1#115 should be as follows.  Note also that a missing period as been added after “[4, TS 38.211]”.
	For codebook based transmission with eight antenna ports, the UE determines its codebook based upon the reception of higher layer parameter[s] CodebookTypeUL in pusch-Config for PUSCH associated with DCI format 0_1 and 0_2, depending on the UE capability. According to the configured CodebookTypeUL, coherent UL MIMO operation applies within antenna port groups as defined in Table 6.3.1.5-8 of [4, TS 38.211]. According to the configured CodebookType, requirements for coherent UL MIMO in [38.101-1] and [38.101-2] apply within an antenna port group.



[bookmark: _Toc163229163]Correct 38.214 section 6.1.1.1 to define coherence as agreed in RAN1#115 by adding the text “According to the configured CodebookType, requirements for coherent UL MIMO in [38.101-1] and [38.101-2] apply within an antenna port group.” as well as a missing period, as described herein.

38.214 presently describes the configuration of 8 Tx codebooks with the following. However, there is no ‘ULcodebookFC-N1N2’ in the RRC spec.
	A UE does not expect to be configured by CodebookTypeUL with a value of CodebookTypeUL that does not correspond to one of the values of UL_8TX_Ng reported in its capability. A UE can be configured by ULcodebookFC-N1N2 subject to UE capability, when higher layer parameter CodebookTypeUL is set to 'Codebook1' corresponding to Ng=1, where Ng represents the number of antenna port groups. 



The RRC spec currently has the following.  As can be seen, CodebookTypeUL defines the selected codebook, including the two single antenna port group (Ng=1) cases (4,1) and (2,2).
[bookmark: _Hlk142050961]CodebookTypeUL-r18 ::=      CHOICE {
    codebook1-r18               ENUMERATED {ng1n4n1, ng1n2n2},
    codebook2-r18               ENUMERATED {ng2},
    codebook3-r18               ENUMERATED {ng4},
    codebook4-r18               ENUMERATED {ng8}
}
	codebookTypeUL
Configures a codebook and the corresponding number of antenna port groups for codebook-based transmission of PUSCH with 8 antenna ports, see TS 38.211 [16], tables 6.3.1.5-9 to 6.3.1.5-47, and table 6.3.1.5-8 respectively). The values ng1n4n1 and ng1n2n2 correspond to codebooks with one antenna port group (Ng=1), while ng2, ng4, and ng8 correspond to codebooks with Ng=2, 4, and 8 antenna port groups, respectively.



Since each of the possible values of CodebookTypeUL (i.e. {ng1n4n1,ng1n2n2,ng2,ng4,ng8}) have a corresponding table in 38.211 as exemplified with the Table captions from 38.211 below, the ASN.1 is clear with respect to which 8 Tx codebook to use, so ULcodebookFC-N1N2 is not specified in 38.331.
Table 6.3.1.5-9: Intermediate precoding matrix  for codebook1=ng1n4n1 and single-layer transmission using eight antenna ports.

Table 6.3.1.5-17: Intermediate precoding matrix  for codebook1=ng1n2n2 and single-layer transmission using eight antenna ports.

Since the codebook is fully defined by CodebookTypeUL, it is sufficient to state the constraints from UE capability on the codebook configuration, and the second sentence can be removed as follows:
	A UE does not expect to be configured by CodebookTypeUL with a value of CodebookTypeUL that does not correspond to one of the values of UL_8TX_Ng reported in its capability. A UE can be configured by ULcodebookFC-N1N2 subject to UE capability, when higher layer parameter CodebookTypeUL is set to 'Codebook1' corresponding to Ng=1, where Ng represents the number of antenna port groups. 



[bookmark: _Toc163229164]Remove the reference to the non-existent RRC parameter ULcodebookFC-N1N2 from 38.214 section 6.1.1.1 by deleting “A UE can be configured by ULcodebookFC-N1N2 subject to UE capability, when higher layer parameter CodebookTypeUL is set to 'Codebook1' corresponding to Ng=1, where Ng represents the number of antenna port groups”.
ULcodebookFC-N1N2 is also used in 38.212 section 7.3.1.1.2, therefore it should be removed and aligned with 38.211 and 38.331 as follows:
	
-	7 bits according to Table 7.3.1.1.2-5B for 8 antenna ports, if CodebookTypeUL=Ccodebook1, transform precoder is disabled, maxRank-n8 = 8, and according to ULcodebookFC-N1N2 codebook1=ng1n4n1 or ng1n2n2;
-	7 bits according to Table 7.3.1.1.2-5C for 8 antenna ports, if CodebookTypeUL=Ccodebook1, transform precoder is disabled, maxRank-n8 =7, and according to ULcodebookFC-N1N2 codebook1=ng1n4n1 or ng1n2n2;
Table 7.3.1.1.2-5B: Precoding information and number of layers, for 8 antenna ports, if transform precoder is disabled, maxRank-n8 = 8, and CodebookTypeUL=Ccodebook1
	Bit field mapped to index
	ULcodebookFC-N1N2 = (4, 1)
codebook1=ng1n4n1
	Bit field mapped to index
	ULcodebookFC-N1N2 = (2, 2)
codebook1=ng1n2n2

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…



Table 7.3.1.1.2-5C: Precoding information and number of layers, for 8 antenna ports, if transform precoder is disabled, maxRank-n8 = 7, and CodebookTypeUL=Ccodebook1
	Bit field mapped to index
	ULcodebookFC-N1N2 = (4, 1)
codebook1=ng1n4n1
	Bit field mapped to index
	ULcodebookFC-N1N2 = (2, 2)
codebook1=ng1n2n2

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…



Table 7.3.1.1.2-5D: Precoding information and number of layers, for 8 antenna ports,
if transform precoder is disabled, maxRank-n8 = 4, 5 or 6, CodebookTypeUL=Ccodebook1,
ULcodebookFC-N1N2 = (4,1) or (2,2) codebook1=ng1n4n1 or ng1n2n2
	Bit field mapped to index
	maxRank-n8=4
	Bit field mapped to index
	maxRank-n8=5
	Bit field mapped to index
	maxRank-n8=6

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…
	…
	…



Table 7.3.1.1.2-5E: Precoding information and number of layers, for 8 antenna ports, if transform precoder is enabled or maxRank=1 or 2 or 3 if transform precoder is disabled, CodebookTypeUL=Ccodebook1, ULcodebookFC-N1N2 = (4,1) or (2,2) codebook1=ng1n4n1 or ng1n2n2
	Bit field mapped to index
	transform precoder is enabled, or maxRank=1 if transform precoder is disabled
	Bit field mapped to index
	transform precoder is disabled, and maxRank=2
	Bit field mapped to index
	transform precoder is disabled, and maxRank=3

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…
	…
	…






[bookmark: _Toc163229165]Remove the reference to the non-existent RRC parameter ULcodebookFC-N1N2 from 38.212 section 7.3.1.1.2 replacing it with “codebook1=ng1n4n1” and/or “codebook1=ng1n2n2” as described herein.
We also observe that 38.212 capitalizes “Codebook1”, “Codebook2”, “Codebook3”, and “Codebook4”. This should be aligned with the RRC that does not capitalize these fields, but instead uses “codebook1”, “codebook2”, “codebook3”, and “codebook4”.
[bookmark: _Toc163229166]Correct the capitalization of the CodebookTypeUL fields in 38.212 to be “codebook1”, “codebook2”, “codebook3”, and “codebook4” in order to align with 38.331.
2.4		Editorial corrections
The following parameter names in 38.214 do not match the parameter names in 38.331:

	Parameter name in 38.214
	Parameter name in 38.331

	applyIndicateTCIState
	applyIndicatedTCI-State

	enableSTx2PofmDCI
	[bookmark: _Hlk162445530]sTx-2Panel

	multipanelScheme
	multipanelSchemeSDM and multipanelSchemeSFN






Conclusion

In the previous sections we made the following observations: 
Observation 1	The UE cannot determine if the PDSCH is received from one or two TRPs in the absence of the TCI selection field.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Reuse the RRC parameter controlling the default indicated TCI state for DCI format 1_0 also for DCI format 1_1 and 1_2 for single-TRP PDSCH transmission with two indicated TCI states.
Proposal 2	Adapt the text proposals in Appendix A.1
Proposal 3	Discuss how to align TS 38.211 with TS 38.214 with respect to precoding and layer split over SRS resource sets for STxMP SDM.
Proposal 4	Correct 38.214 section 6.1.1.1 to define coherence as agreed in RAN1#115 by adding the text “According to the configured CodebookType, requirements for coherent UL MIMO in [38.101-1] and [38.101-2] apply within an antenna port group.” as well as a missing period, as described herein.
Proposal 5	Remove the reference to the non-existent RRC parameter ULcodebookFC-N1N2 from 38.214 section 6.1.1.1 by deleting “A UE can be configured by ULcodebookFC-N1N2 subject to UE capability, when higher layer parameter CodebookTypeUL is set to 'Codebook1' corresponding to Ng=1, where Ng represents the number of antenna port groups”.
Proposal 6	Remove the reference to the non-existent RRC parameter ULcodebookFC-N1N2 from 38.212 section 7.3.1.1.2 replacing it with “codebook1=ng1n4n1” and/or “codebook1=ng1n2n2” as described herein.
Proposal 7	Correct the capitalization of the CodebookTypeUL fields in 38.212 to be “codebook1”, “codebook2”, “codebook3”, and “codebook4” in order to align with 38.331.
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Appendix A.1. Text proposal for 38.214
[bookmark: _Toc11352134][bookmark: _Toc20318024][bookmark: _Toc27299922][bookmark: _Toc29673193][bookmark: _Toc29673334][bookmark: _Toc29674327][bookmark: _Toc36645557][bookmark: _Toc45810602][bookmark: _Toc162184945]5.2.5	Priority rules for CSI reports
For two overlapping PUSCHs, the priority rules in this clause are applied for physical channels with same priority index according to clause 9 in [6, TS 38.213] if a UE is not configured with sTx-2PanelenableSTx2PofmDCI or a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSet in the active DL BWP and the UE is configured with sTx-2PanelenableSTx2PofmDCI and the two overlapping PUSCHs are associated with same value of coresetPoolIndex.
<Unchanged parts omitted>
[bookmark: _Toc11352138][bookmark: _Toc20318028][bookmark: _Toc27299926][bookmark: _Toc29673199][bookmark: _Toc29673340][bookmark: _Toc29674333][bookmark: _Toc36645563][bookmark: _Toc45810608][bookmark: _Toc162184951]6.1	UE procedure for transmitting the physical uplink shared channel
PUSCH transmission(s) can be dynamically scheduled by an UL grant in a DCI, or the transmission can correspond to a configured grant Type 1 or Type 2. The configured grant Type 1 PUSCH transmission is semi-statically configured to operate upon the reception of higher layer parameter of configuredGrantConfig including rrc-ConfiguredUplinkGrant without the detection of an UL grant in a DCI. The configured grant Type 2 PUSCH transmission is semi-persistently scheduled by an UL grant in a valid activation DCI according to clause 10.2 of [6, TS 38.213] after the reception of higher layer parameter configuredGrantConfig not including rrc-ConfiguredUplinkGrant. If configuredGrantConfigToAddModList is configured, more than one configured grant configuration of configured grant Type 1 and/or configured grant Type 2 may be active at the same time on an active BWP of a serving cell.
The UE can be configured with a list of up to 64 TCI-UL-State configurations within the higher layer parameter BWP-UplinkDedicated. Each TCI-UL-State configuration contains a parameter for configuring one reference signal, if applicable, for determining UL TX spatial filter for dynamic-grant and configured-grant based PUSCH and PUCCH resource in a CC, and SRS.
If a UE is configured by higher layer parameter PDCCH-Config that contains ControlResourceSets with two different values of coresetPoolIndex for the active BWP of a serving cell, or if a UE is configured with SSB-MTC-AddtionalPCI and with PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet, and if the UE is configured with [twoTAGs] and is configured with dl-OrJointTCI-StateList or TCI-UL-State for a serving cell, each TCI-State or TCI-UL-State is associated with a [TAG-ID] for determining timing adjustment for a corresponding UL transmission as described in Clause 4.2 of [6, TS 38.213]. The UE does not expect that TCI-states or TCI-UL-States associated with one coresetPoolIndex to correspond to two TAGs.
[bookmark: _Hlk48575656]For the PUSCH transmission corresponding to a Type 1 configured grant or a Type 2 configured grant activated by DCI format 0_0 or 0_1, the parameters applied for the transmission are provided by configuredGrantConfig except for dataScramblingIdentityPUSCH, txConfig, codebookSubset, maxRank, maxRank-n8, scaling of UCI-OnPUSCH, which are provided by pusch-Config. A configured grant PUSCH can be transmitted with at most 4 layers. For the PUSCH transmission corresponding to a Type 2 configured grant activated by DCI format 0_2, the parameters applied for the transmission are provided by configuredGrantConfig except for dataScramblingIdentityPUSCH, txConfig, codebookSubsetDCI-0-2, maxRankDCI-0-2, scaling of UCI-OnPUSCH, resourceAllocationType1GranularityDCI-0-2 provided by pusch-Config. If the UE is provided with transformPrecoder in configuredGrantConfig, the UE applies the higher layer parameter tp-pi2BPSK, if provided in pusch-Config, according to the procedure described in clause 6.1.4 for the PUSCH transmission corresponding to a configured grant. 
When the UE is configured dl-OrJointTCI-StateList or ul-TCI-StateList, the UE shall perform PUSCH transmission corresponding to a Type 1 configured grant or a Type 2 configured grant or a dynamic grant according to the spatial relation, if applicable, with a reference to the RS for determining UL Tx spatial filter. The RS is determined based on an RS configured with qcl-Type set to 'typeD' of the indicated TCI-State or an RS in the indicated TCI-UL-State. The reference RS in the indicated TCI-State can be a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info. The reference RS in the indicated TCI-UL-State can be a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, an SRS resource in an SRS resource set with the higher layer parameter usage set to 'beamManagement', or SS/PBCH block associated with the same or different PCI from the PCI of the serving cell. When nrofSlotsInCG-Period is configured for Type 1 configured grant or Type 2 configured grant, HARQ process ID for the first configured PUSCH grant and each subsequent valid configured PUSCH grant within a periodicity of the configuration is determined as in clause 5.4.1 of [10, TS 38.321], where a valid configured PUSCH grant is the one not colliding  with the DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, and not colliding with a symbol(s) of an SS/PBCH block with index provided by ssb-PositionsInBurst as described in clause 11.1 of [6, TS 38.213].
When a UE is configured with dl-OrJointTCI-StateList or TCI-UL-State and is having two indicated TCI-States or TCI-UL-States, 
-	a UE having a PUSCH transmission scheduled or activated by DCI format 0_0 should apply the first indicated TCI state to the PUSCH transmission, 
-	a UE configured with a PUSCH transmission corresponding to a Type 1 configured grant is expected to be configured with the higher layer parameter applyIndicatedTCI-State indicating the first, the second or both of the indicated TCI states to be applied for the PUSCH transmission. If 'both' TCI states are indicated, the UE should apply the first indicated TCI state to the PUSCH transmission occasion(s) or the PUSCH antenna port(s) associated with the first SRS resource set for CB/NCB transmission, and the second indicated TCI state to the PUSCH transmission occasion(s) or the PUSCH antenna port(s) associated with the second SRS resource set for CB/NCB transmission; otherwise the UE should apply either the 'first' or 'second' indicated TCI state to all PUSCH transmission occasions.
-	If the UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets in the active DL BWP, the first and the second indicated TCI states correspond to the indicated TCI-States or TCI-UL-States specific to coresetPoolIndex value 0 and value 1, respectively, and applyIndicatedTCI-State does not indicate both of the indicated TCI states to be applied for the PUSCH transmission
For the PUSCH retransmission scheduled by a PDCCH with CRC scrambled by CS-RNTI with NDI=1, the parameters in pusch-Config are applied for the PUSCH transmission except for p0-NominalWithoutGrant, p0-PUSCH-Alpha, powerControlLoopToUse, pathlossReferenceIndex described in clause 7.1 of [6, TS 38.213], mcs-Table, mcs-TableTransformPrecoder described in clause 6.1.4.1 and transformPrecoder described in clause 6.1.3.
For a UE configured with two uplinks in a serving cell, PUSCH retransmission for a TB on the serving cell is not expected to be on a different uplink than the uplink used for the PUSCH initial transmission of that TB.
A UE shall upon detection of a PDCCH with a configured DCI format 0_0, 0_1, 0_2 or 0_3 transmit the corresponding PUSCH as indicated by that DCI unless the UE does not generate a transport block as described in [10, TS38.321]. Upon detection of a DCI format 0_1 or 0_2  with 'UL-SCH indicator' set to '0' and with a non-zero 'CSI request' where the associated reportQuantity in CSI-ReportConfig set to 'none' for all CSI report(s) triggered by 'CSI request' in this DCI format 0_1 or 0_2, the UE ignores all fields in this DCI except the 'CSI request' and the UE shall not transmit the corresponding PUSCH as indicated by this DCI format 0_1 or 0_2. Upon detection of a DCI format 0_3 with 'UL-SCH indicator' set to '0' and with a non-zero 'CSI request' where the associated reportQuantity in CSI-ReportConfig set to 'none' for all CSI report(s) triggered by 'CSI request' in this DCI format 0_3, the UE ignores all fields for the scheduled cell with the smallest serving cell index in this DCI except the 'CSI request' and the UE shall not transmit the corresponding PUSCH on the serving cell with the smallest serving cell index as indicated by this DCI format 0_3. 
When the UE is scheduled with multiple PUSCHs on a serving cell by a DCI, HARQ process ID indicated by this DCI applies to the first PUSCH not overlapping with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst, HARQ process ID is then incremented by 1 for each subsequent PUSCH(s) in the scheduled order, with modulo operation of nrofHARQ-ProcessesForPUSCH applied if nrofHARQ-ProcessesForPUSCH is provided, or with modulo operation of nrofHARQ-ProcessesForPUSCH-r17 applied if nrofHARQ-ProcessesForPUSCH-r17 is provided, or with modulo operation of 16 applied, otherwise. HARQ process ID is not incremented for PUSCH(s) not transmitted if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst. For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to transmit a PUSCH that overlaps in time with another PUSCH. Except for the case when a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet for the active BWP of a serving cell and PDCCHs that schedule two PUSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, for any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i on a scheduling cell,, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i of the scheduling cell. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose of determining the PDCCH ending in symbol i, the PDCCH candidate that ends later in time is used. The UE is not expected to be scheduled to transmit another PUSCH by a DCI format 0_0 with CRC scrambled by TC-RNTI, for a given HARQ process with the DCI received before the end of the expected transmission of the last PUSCH for that HARQ process if the latter is scheduled by a DCI format 0_0 with CRC scrambled by TC-RNTI or by an UL grant in RA Response. The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0, 0_1, 0_2 or 0_3 scrambled by C-RNTI, CS-RNTI or MCS-C-RNTI for a given HARQ process with the DCI received before the end of the expected transmission of the last PUSCH for that HARQ process if the latter is scheduled by a DCI with CRC scrambled by C-RNTI, CS-RNTI or MCS-C-RNTI. 
[bookmark: _Hlk26290630]If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet for the active BWP of a serving cell and PDCCHs that schedule two PUSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, for any two HARQ process IDs  in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH associated with a value of coresetPoolIndex ending in symbol i, the UE can be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH associated with a different value of coresetPoolIndex that ends later than symbol i. 
When two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook' or 'nonCodebook' and higher layer parameter enableSTx2PofmDCI is configured and PDCCH-Config contains two different values of coresetPoolIndex in ControlResourceSet for the active DL BWP of a serving cell, 
-	two PUSCHs that are fully/partially overlapping in time domain and are fully/partially/non-overlapping in frequency domain can be dynamically scheduled by UL grant(s) in DCI(s) and/or scheduled by configured grant(s) Type 1 or Type 2, 
-	if dynamically scheduled by UL grant(s) in DCI(s) or activated by DCI(s) for configured grant Type 2, the DCI field SRS Resource Set Indicator is not present in each of PDCCH 
-	two PUSCHs are associated to different values of coresetPoolIndex where for configured grant Type 1, the association is based on higher layer parameter srs-ResourceSetId in rrc-ConfiguredUplinkGrant that indicates either the first or the second SRS resource set with usage 'codebook' or 'nonCodeBook' in srs-ResourceSetToAddModList
-	the UE is not expected to be configured with different number of SRS resources in the two SRS resource sets
-	the UE expects maxNrofPorts in PTRS-UplinkConfig to be configured as one if UL PT-RS is configured. 
When a UE is configured with dl-OrJointTCI-StateList or TCI-UL-State and two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook' or 'noncodebook', and the higher layer parameter multipanelSchemeSDM or multiPanelSchemeSFN is configured is set to '‘SDMscheme'’ or '‘SFNscheme'’, and the higher layer parameter rrc-ConfiguredUplinkGrant does not contain srs-ResourceIndicator2 or precodingAndNumberOfLayers2, the PUSCH transmission occasion(s) is associated with the first SRS resource set if the first indicated TCI-States or TCI-UL-States applies and is associated with the second SRS resource set if the second indicated TCI-States or TCI-UL-States applies.
The UE does not expect to be configured with multiPanelSchemeSDM or multiPanelSchemeSFN if the UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets in the active DL BWP. 
When a UE is configured with dl-OrJointTCI-StateList or TCI-UL-State and is having two indicated TCI states, and only one SRS resource set is configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook' or 'noncodebook', the PUSCH transmission occasion(s) scheduled or activated by DCI format 0_1 or 0_2 is associated with the first indicated TCI-States or TCI-UL-States if applies or is associated with the second indicated TCI-States or TCI-UL-States if applies, as indicated by the higher layer parameter applyIndicatedTC-IState-r18 configured by PUSCH-Config.
When a UE is configured with higher layer parameter sTx-2Panel enableSTx2PofmDCI and PDCCH-Config contains two different values of coresetPoolIndex in ControlResourceSet for the active DL BWP of a serving cell, 
-	the UE is expected to be configured with two SRS resource sets with usage 'codebook' or 'nonCodeBook' in srs-ResourceSetToAddModList
-	if the UE is configured to monitor DCI format 0_2 and there is only one SRS resource sets configured by srs-ResourceSetToAddModListDCI-0-2 and associated with usage 'codebook' or 'nonCodeBook', the UE monitors only CORESETs associated with coresetPoolIndex value 0. 
<Unchanged parts omitted>
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