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1. Introduction
In RAN1#114bis meeting [1], maintenance for multi-panel enhancements have been carried out, however, there still are a few remaining issues to be discussed for UL STxMP. In this contribution, discussions and several TPs regarding the enhancements for STxMP PUSCH + PUSCH transmission with single-DCI and multi-DCI based transmission are carried out.
2. Enhancements on STxMP PUSCH transmission
2.1 S-DCI based PUSCH transmission
2.1.1 Power boosting for UL PTRS in SDM scheme
Reason for change:
For SDM scheme, different PTRS ports are associated with their own panel(s), therefore, when the codepoint "00" of UL-PTRS-power is indicated, the power boosting factor  should be determined by the number of PTRS ports the UE is scheduled and the number of PUSCH layers in the panel which are precoded coherently with in the PUSCH layers that the PT-RS port is associated with.
Summary of change:
Add a new table for the calculation of the power boosting factor  for STxMP SDM transmission.
Consequences if not approved:
The calculation of the power boosting factor for PT-RS power boosting is not correct for STxMP SDM scheme in TS 38.214.
Proposal 1: Add a new table for the calculation of the power boosting factor  for STxMP SDM transmission in TS 38.214.
The corresponding TP for Proposal 1 is as follows:
--------------------------------------- Start of TP for TS38.214------------------------------------------
6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled
<Unrelated part omitted>

When the UE is scheduled with Qp={1,2} PT-RS port(s) in uplink and the number of scheduled layers is ,





-	If the UE is configured with higher layer parameter ptrs-Power, the PUSCH to PT-RS power ratio per layer per RE  is given by , where  is shown in the Table 6.2.3.1-3 and, Table 6.2.3.1-3A and Table 6.2.3.1-3B according to the higher layer parameter ptrs-Power, the PT-RS scaling factor  specified in clause 6.4.1.2.2.1 of [4, TS 38.211] is given by and also on the 'Precoding Information and Number of Layers' field in DCI.
-	The UE shall assume ptrs-Power in PTRS-UplinkConfig is set to state "00" in Table 6.2.3.1-3 if not configured or in case of non-codebook based PUSCH.
-	For Table 6.2.3.1-3A and Table 6.2.3.1-3Bpartial coherent codebook for 8TX PUSCH transmission, Lx is the number of PUSCH layers in the antenna group which are precoded coherently with the PUSCH layer/DM-RS port that PT-RS port x is associated with, and Qp is the number of PT-RS ports scheduled to the UE.

Table 6.2.3.1-3: Factor related to PUSCH to PT-RS power ratio per layer per RE  other than 8TX PUSCH transmission when higher layer parameter multipanelScheme is not configured or is set to ‘sfnscheme’
	
[bookmark: MCCQCTEMPBM_00000123]UL-PTRS-power / 
	
	
The number of PUSCH layers ( )

	
	1
	2
	3
	4

	
	All cases
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial coherent
	Non-coherent and non-codebook based

	00
	0
	3
	3Qp-3
	4.77
	3Qp-3
	6
	3Qp
	3Qp-3

	01
	0
	3
	3
	4.77
	4.77
	6
	6
	6

	10
	Reserved

	11
	Reserved



Table 6.2.3.1-3A: Factor related to PUSCH to PT-RS power ratio per layer per RE [image: ] for 8TX PUSCH transmission when higher layer parameter multipanelScheme is not configured or is set to ‘sfnscheme’
	
[bookmark: MCCQCTEMPBM_00000124]UL-PTRS-power / 
	The number of PUSCH layers ()

	
	1-8

	
	Full coherent
	Partial coherent
	Non-coherent and non-codebook based

	00
	
	
	

	01
	
	
	

	10
	Reserved

	11
	Reserved



Table 6.2.3.1-3B: Factor related to PUSCH to PT-RS power ratio per layer per RE [image: ] when higher layer parameter multipanelScheme is set to ‘sdmscheme’
	
UL-PTRS-power / 
	The number of PUSCH layers associated with the SRS resource set corresponding to the PT-RS port ()

	
	1-2

	
	Full coherent
	Partial coherent
	Non-coherent and non-codebook based

	00
	
	
	

	01
	
	
	

	10
	Reserved

	11
	Reserved


<Unrelated part omitted>
--------------------------------------- End of TP for TS38.214-------------------------------------------
2.1.2 Layer indication for non-codebook based UL transmission
Reason for change:
For association of SRS resources and PUSCH transmission layers for non-codebook based SDM transmission, the interpretation of index v2 is missing. Besides, when the higher layer parameter multipanelScheme is set to 'SDMScheme' and codepoint "10" of SRS Resource Set indicator is indicated, how to determine v for the PUSCH transmission is missing.
Summary of change:
Clarify that v2 being the number of layers indicated by the second SRI for non-codebook based UL transmission.
Clarify the determination of v for both codebook based transmission and non-codebook based UL transmission.
Consequences if not approved:
The layer index is not aligned with the ones in TS 38.211.
Proposal 2: Add the clarification of v2 for the association of SRS resources and PUSCH transmission layers for non-codebook based UL SDM transmission and the determination of the index v for both codebook based transmission and non-codebook based transmission in TS 38.214.
The corresponding TP for Proposal 2 is as follows:
--------------------------------------- Start of TP for TS38.214------------------------------------------
6.1.1.1	Codebook based UL transmission
<Unrelated part omitted>
When the higher layer parameter multipanelScheme is set to 'SDMScheme' 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', two SRI(s), and two TPMI(s) are given by the DCI fields of two SRS resource indicator and two Precoding information and number of layers in clause 7.3.1.1.2 and 7.3.1.1.3 of [5, TS 38.212] for DCI format 0_1 and 0_2: 
-	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…v1-1}, where v1 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 {v1…. v2+v1-1}, where v2 is the number of layers indicated by the second 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, v1 ≤ maxRankSdm and v2 ≤ maxRankSdm or maxRankSdmDCI-0-2 and maxRankSdm or maxRankSdmDCI-0-2 are defining the maximum number of layers applied over the first and the second SRS resource sets, separately. The quantity of the number of PUSCH layers v = v2+v1.
<Unrelated part omitted>
6.1.1.2	Non-Codebook based UL transmission
<Unrelated part omitted>
When the higher layer parameter multipanelScheme is set to 'SDMScheme' 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 'nonCodebook', SRIs are given by the DCI fields of two SRS resource indicators in clause 7.3.1.1.2 and 7.3.1.1.3 of [5, TS 38.212] for DCI format 0_1 and 0_2. 
-	When codepoint "10" of SRS Resource Set indicator is indicated, the first SRI is used to indicate resource(s) to be associated with layer(s) {0…v1-1}}, where v1 being the number of layers indicated by the first SRI, and the second SRI is used to indicate resource(s) to be associated with layer(s) {v1…. v2+v1-1}, where v2 being the number of layers indicated by the second SRI, v1 ≤ Lmax and v2 ≤ Lmax where Lmax is defined is defined in clauses 7.3.1.1.2 and 7.3.1.1.3 of [5, TS 38.212]. The quantity of the number of PUSCH layers v = v2+v1.
-	When  codepoint "00" or "01" of SRS Resource Set indicator is indicated, the second SRI is reserved, the first SRI is used to indicate resource(s) to be associated with layers {0…v-1}, v ≤ Lmax. 
<Unrelated part omitted>
--------------------------------------- End of TP for TS38.214-------------------------------------------
2.1.3 Mapping between SRS resource and the PUSCH layer within precoding matrix
Reason for change:
The mapping between SRS resource and the PUSCH layers is not clear in current spec for non-codebook based UL transmission when the higher layer parameter multipanelScheme is configured.
Summary of change:
Clarify the mapping between SRS resource and the PUSCH layer for non-codebook based UL transmission when the higher layer parameter multipanelScheme is configured in TS 38.214.
Consequences if not approved:
Mapping between SRS resource and the PUSCH layer for non-codebook based UL transmission when the higher layer parameter multipanelScheme is configured is not clarified in TS 38.214.
Proposal 3: Clarify the mapping between SRS resource and the PUSCH layer for non-codebook based UL transmission in TS 38.214.
The corresponding TP for Proposal 3 is as follows:
--------------------------------------- Start of TP for TS38.214------------------------------------------
[bookmark: _Toc11352141][bookmark: _Toc20318031][bookmark: _Toc27299929][bookmark: _Toc29673202][bookmark: _Toc29673343][bookmark: _Toc29674336][bookmark: _Toc36645566][bookmark: _Toc45810611][bookmark: _Toc146791820]6.1.1.2	Non-Codebook based UL transmission
<Unrelated part omitted>
When the higher layer parameter multipanelScheme is set to 'SDMScheme' 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 'nonCodebook', SRIs are given by the DCI fields of two SRS resource indicators in clause 7.3.1.1.2 and 7.3.1.1.3 of [5, TS 38.212] for DCI format 0_1 and 0_2. 
-	When codepoint "10" of SRS Resource Set indicator is indicated, the first SRI is used to indicate resource(s) to be associated with layer(s) {0…v1-1}}, where v1 being the number of layers indicated by the first SRI, and the second SRI is used to indicate resource(s) to be associated with layer(s) {v1…. v2+v1-1}, v1 ≤ Lmax and v2 ≤ Lmax where Lmax is defined is defined in clauses 7.3.1.1.2 and 7.3.1.1.3 of [5, TS 38.212]. The UE shall perform one-to-one mapping from the indicated resource(s) indicated by the first SRI to the indicated DM-RS ports(s) and their corresponding PUSCH layers {0 …v1-1}, and perform one-to-one mapping from the indicated resource(s) indicated by the second SRI to the indicated DM-RS ports(s) and their corresponding PUSCH layers { v1…. v2+v1-1}.
-	When  codepoint "00" or "01" of SRS Resource Set indicator is indicated, the second SRI is reserved, the first SRI is used to indicate resource(s) to be associated with layers {0…v-1}, v ≤ Lmax. The UE shall perform one-to-one mapping from the indicated resource(s) indicated by the first SRI to the indicated DM-RS ports(s) and their corresponding PUSCH layers {0 …v-1}.
When the higher layer parameter multipanelScheme is set to 'SFNscheme' 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 'nonCodebook', two SRI(s) are given by the DCI fields of two SRS resource indicator and two Precoding information and number of layers in clause 7.3.1.1.2 and 7.3.1.1.3 of [5, TS 38.212] for DCI format 0_1 and 0_2. 
-	When codepoint "10" of SRS Resource Set indicator is indicated, the first SRI is used to indicate resource(s) to be associated with layer(s) {0…v-1} and the second SRI is used to indicate resource(s) to be associated with  layer(s) {0…v-1}, where  v ≤ Lmax and where Lmax is defined in clauses 7.3.1.1.2 and 7.3.1.1.3 of [5, TS 38.212]. The UE shall perform one-to-one mapping from the indicated resource(s) indicated by the first SRI to the indicated DM-RS ports(s) and their corresponding PUSCH layers {0 …v-1}, as well as perform one-to-one mapping from the indicated resource(s) indicated by the second SRI to the indicated DM-RS ports(s) and their corresponding PUSCH layers {0 …v-1}.
-	When  codepoint "00" or "01" of SRS Resource Set indicator is indicated, the second SRI is reserved, the first SRI is used to indicate resources(s) to be associated with layers {0…v-1}, where v ≤ Lmax. When two SRIs are indicated, the UE shall expect that the number of SRS antenna ports associated with two indicated SRIs to be the same. The UE shall perform one-to-one mapping from the indicated resource(s) indicated by the first SRI to the indicated DM-RS ports(s) and their corresponding PUSCH layers {0 …v-1}, as well as perform one-to-one mapping from the indicated resource(s) indicated by the second SRI to the indicated DM-RS ports(s) and their corresponding PUSCH layers {0 …v-1}.
-	Codepoint "11" of SRS Resource Set indicator is reserved. 
When the UE is configured with the higher layer parameter txConfig set to 'Noncodebook', the UE is configured with at least one SRS resource. Each of the indicated one or two SRI(s) in slot n is associated with the most recent transmission of SRS resource of associated SRS resource set identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI. 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 'Noncodebook', the UE is not expected to be configured with different number of SRS resources in the two SRS resource sets.
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 most recent transmission of SRS resource(s) identified by the SRI, the PDCCH candidate that starts earlier in time is used.
[bookmark: _Hlk498597149]For non-codebook based transmission, the UE can calculate the precoder used for the transmission of SRS based on measurement of an associated NZP CSI-RS resource. A UE can be configured with only one NZP CSI-RS resource for each of the SRS resource set(s) with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook' if configured.
[bookmark: _Hlk498591525][bookmark: _Hlk515954588]-	If aperiodic SRS resource set is configured, the associated NZP-CSI-RS is indicated via SRS request field in DCI format 0_1 and 1_1, DCI format 0_2 (if SRS request field is present) and DCI format 1_2 (if SRS request field is present), as well as DCI format 0_3 and 1_3, where AperiodicSRS-ResourceTrigger and AperiodicSRS-ResourceTriggerList (indicating the association between aperiodic SRS triggering state(s) and SRS resource sets), triggered SRS resource(s) srs-ResourceSetId, csi-RS (indicating the associated NZP-CSI-RS-ResourceId) are higher layer configured in SRS-ResourceSet. The SRS-ResourceSet(s) associated with the SRS request by DCI format 0_1, 0_3, 1_1 and 1_3 are defined by the entries of the higher layer parameter srs-ResourceSetToAddModList and the SRS-ResourceSet(s) associated with the SRS request by DCI format 0_2 and 1_2 are defined by the entries of the higher layer parameter srs-ResourceSetToAddModListDCI-0-2. A UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the aperiodic NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission is less than 42 OFDM symbols, where the SCS configuration μ is the smallest SCS configuration between the NZP-CSI-RS resource and the SRS transmission. 
-	If the UE configured with aperiodic SRS associated with aperiodic NZP CSI-RS resource, the presence of the associated CSI-RS is indicated by the SRS request field if the value of the SRS request field is not '00' as in Table 7.3.1.1.2-24 of [5, TS 38.212] and if the scheduling DCI is not used for cross carrier or cross bandwidth part scheduling. If UE is configured with minimumSchedulingOffsetK0 in the active DL BWP and the currently applicable minimum scheduling offset restriction K0,min is larger than 0, the UE does not expected to receive the scheduling DCI with the SRS request field value other than '00'. The CSI-RS is located in the same slot as the SRS request field. If the UE configured with aperiodic SRS associated with aperiodic NZP CSI-RS resource, any of the TCI states configured in the scheduled CC shall not be configured with qcl-Type set to 'typeD'.
-	If periodic or semi-persistent SRS resource set is configured, the NZP-CSI-RS-ResourceId for measurement is indicated via higher layer parameter associatedCSI-RS in SRS-ResourceSet.
When the higher layer parameter multipanelScheme is not configured, the UE shall perform one-to-one mapping from the indicated SRI(s) to the indicated DM-RS ports(s) and their corresponding PUSCH layers {0 … ν-1} given by DCI format 0_1, 0_2 or 0_3 or by configuredGrantConfig according to clause 6.1.2.3 in increasing order.

The UE shall transmit PUSCH using the same antenna ports as the SRS port(s) in the SRS resource(s) indicated by SRI(s) given by DCI format 0_1 or 0_2 or by configuredGrantConfig according to clause 6.1.2.3, where the SRS port in (i+1)-th SRS resource in the SRS resource set is indexed as . 
The DM-RS antenna ports [image: ] in Clause 6.4.1.1.3 of [4, TS 38.211] are determined according to the ordering of DM-RS port(s) given by Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 in Clause 7.3.1.1.2 of [5, TS 38.212].
For non-codebook based transmission, the UE does not expect to be configured with both spatialRelationInfo for SRS resource and associatedCSI-RS in SRS-ResourceSet for SRS resource set.
For non-codebook based transmission, the UE can be scheduled with DCI format 0_1 or 0_2 when at least one SRS resource is configured in SRS-ResourceSet with usage set to 'nonCodebook'.
<Unrelated part omitted>
--------------------------------------- End of TP for TS38.214-------------------------------------------
2.2 M-DCI based PUSCH transmission
In RAN1#112bis-e meeting, it is agreed that the maximal number of layers of each PUSCH of PUSCH+PUSCH overlapping in time domain can be up to 2 [2].
	Agreement
For STxMP PUSCH+PUSCH transmission in multi-DCI based system:
· The maximal number of layers of each PUSCH of PUSCH+PUSCH overlapping in time domain can be 1 or 2 subject to UE capability


However, for the case of DG-PUSCH + CG-PUSCH, such restriction may limit the scheduling flexibility considering unpredictable instantaneous channel condition and traffic load. When such cases happened, more than 2 layers in DG-PUSCH should be allowed. In this case, UE should drop the CG-PUSCH and transmits the DG-PUSCH only. 
Proposal 4: When multi-DCI based PUSCH+PUSCH is configured:
· For the case DG-PUSCH + CG-PUSCH, if the number of layers in the one or both PUSCHs is more than 2, the UE drops the CG-PUSCH and only transmits the DG-PUSCH.
3. Conclusions
In this contribution, we provided several TPs regarding both S-DCI and M-DCI based PUSCH transmissions. In the following, we summarized our proposals including the corresponding TPs:
Proposal 1: Add a new table for the calculation of the power boosting factor  for STxMP SDM transmission in TS 38.214.
Proposal 2: Add the clarification of v2 for the association of SRS resources and PUSCH transmission layers for non-codebook based UL SDM transmission and determine the index v for both codebook based transmission and non-codebook based transmission in TS 38.214.
Proposal 3: Clarify the mapping between SRS resource and the PUSCH layer for non-codebook based UL transmission in TS 38.214.
Proposal 4: When multi-DCI based PUSCH+PUSCH is configured:
· For the case DG-PUSCH + CG-PUSCH, if the number of layers in the one or both PUSCHs is more than 2, the UE drops the CG-PUSCH and only transmits the DG-PUSCH.
The test proposals corresponding proposal 1 to 3 are provided in section 2.
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