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Introduction
In 3GPP RAN#94-e meeting, a new work item on MIMO evolution for downlink and uplink has been approved in [1]. As shown in below, the enhancement on simultaneous UL transmission across multi-panel to MTRP operation is one of the objectives for this WI:
	6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.


In this contribution, we present our views on the leftover issues of UL precoding indication for multi-panel transmission in Rel-18.
STxMP PUSCH transmission
Simultaneous transmission of SRS
For both CB PUSCH and NCB PUSCH, it is common understanding that the UE should transmit PUSCH using the same beam or panel (namely spatial filter) that has been used for SRS transmission, and the gNB will sound the channel based on the transmitted SRS and then decide on a precoder matrix that the UE should use for PUSCH transmission. In the meanwhile, the UE shall be scheduled for PUSCH transmission using the antenna ports that defined by the certain SRS(s). According to the provision of SRS transmission in the current specifications, only one SRS resource from one SRS resource set for CB PUSCH can be transmitted and up to four SRS resources from one SRS resource set for NCB PUSCH can be transmitted in the same symbol.
Given that simultaneous PUSCH transmission can be performed by MP-UE in Rel-18, it should be workable and beneficial to enable simultaneous SRS transmission from different panels to match the sounding results of STxMP PUSCH well. Consequently, the following enhancements are needed:
· For CB based STxMP PUSCH, support to simultaneously transmit up to two SRS resources from two different SRS resource sets in the same symbol due to STxMP PUSCH associated with two SRS resource sets and each PUSCH transmission is per-SRS basis.
· For NCB based STxMP PUSCH, support to simultaneously transmit up to four SRS resources from two different SRS resource sets in the same symbol due to the maximum number of STxMP PUSCH layers is four (Notably, for NCB based PUSCH transmission, the number of SRS transmission is equal to that of PUSCH layers). Furthermore, up to two SRS resources from each of two SRS resource sets can be transmitted because the maximum layer combination of STxMP PUSCH is {2+2} that means up to two layers can be transmitted from each panel.
In additional, it is intuitive that the maximum number of STxMP SRS transmission under different cases can be subject to UE capability, which can also be discussed in UE capability session.
Proposal 1: If the UE is capable to support single DCI based STxMP PUSCH in SDM/SFN scheme,
· For CB PUSCH, up to two SRS resources from different SRS resource sets can be simultaneously transmitted, and up to one SRS resources can be transmitted from each of two SRS resource sets.
· For NCB PUSCH, up to four SRS resources can be simultaneously transmitted from two SRS resource sets, and up to two SRS resources can be transmitted from each of two SRS resource sets.
· Note: The above can be subject to UE capability.
TPR/panel-specific DL CSI acquisition via SRS for STxMP UE in MTRP operation
Upon the UE capability of supporting STxMP UL in Rel-18, it should be supported that different SRS resources can be transmitted from different panels and towards to different TRPs. Consequently, it is very critical to enable TRP/panel-specific DL CSI acquisition via SRS for STxMP UE in MTRP operation, especially for acquiring per TRP/panel DL CSI for MTRP PDSCH transmission. As illustrated in Figure 1, the UE is capable of supporting MTRP PDSCH transmission as well as STxMP UL transmission, and it assumed that the MP-UE is equipped with a total of 4Tx-4Rx antenna ports that are equally split into two panels. Then, 2-port SRS#1 and 2-port SRS#2 are simultaneously transmitted from panel 1 and panel 2 for acquiring CSI1 and CSI2 in terms of the channel condition between each TRP and each panel. Eventually, PDSCH#1 and PDSCH#2 can be delivered based on CSI1 and CSI2, respectively.
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Figure 1	TPR/panel-specific DL CSI acquisition via SRS for STxMP UE in MTRP operation
Proposal 2: Study how to fulfill TRP/panel-specific DL CSI acquisition via SRS for STxMP UE in MTRP operation.
To enable TRP/panel-specific DL CSI acquisition via SRS for the above case (i.e., 4T=4R), the following two approaches can be considered in scope of the current specification:
· Approach 1: DL CSI acquisition via one 4T=4R antenna switching SRS
As highlighted in the following green parts, one SRS resource for 4T=4R can be configured in an SRS resource set and transmitted in an occasion, where only one spatial relation as well as one set of power control parameters can be used for this SRS, which deviates from the discrepancy of channel conditions between different panels to different TRPs.
· Approach 2: DL CSI acquisition via two 2T=2R antenna switching SRSs
As highlighted in the following yellow parts, although two SRS resources for 2T=2R per TRP/panel can be configured in two SRS resource sets with different spatial relations, these two SRS resources can only be transmitted in different symbols and cannot be configured with independent power control parameters. In addition, the SRS ports of these two SRS resources should be associated with a different UE antenna ports of each panel. So far, that is not specified in the current specification, either. 
· TS 38.214
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<Unrelated parts are omitted>
-	For 1T=1R, or 2T=2R, or 4T=4R, up to two SRS resource sets each with one SRS resource can be configured, where the number of SRS ports for each resource is equal to 1, 2, or 4 if the UE is not indicating srs-AntennaSwitching2SP-1Periodic. Two SRS resource sets configured with resourceType in SRS-ResourceSet set to 'semi-persistent' and one SRS resource set configured with resourceType in SRS-ResourceSet set to 'periodic' can be configured and the two SRS resource sets configured with 'semi-persistent' are not activated at the same time, or up to two SRS resource sets can be configured, if the UE is indicating srs-AntennaSwitching2SP-1Periodic, where each SRS resource set has one SRS resource, the number of SRS ports for each resource is equal to 1, 2, or 4, or
<Unrelated parts are omitted>
In the case that more than one SRS resource set configured with resourceType in SRS-ResourceSet set to ‘aperiodic’, the UE shall expect that the more than one set are configured with the same values of the higher layer parameters alpha, p0, pathlossReferenceRS, and srs-PowerControlAdjustmentStates in SRS-ResourceSet.
For 1T2R, 1T4R, 2T4R, 1T6R, 1T8R, 2T6R, 2T8R, or 4T8R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same slot. For 1T=1R, 2T=2R or 4T=4R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same symbol.
<Unrelated parts are omitted>


As a result, it can be verified that TRP/panel specific DL CSI acquisition via SRS for STxMP UE in MTRP operation cannot be acquired by the current specification, i.e. the above approach 1 and approach 2.
Observation 1: TRP/panel-specific DL CSI acquisition via SRS for STxMP UE in MTRP operation cannot be supported by the current specifications.
In order to fulfill the above feature while minimizing the specification impact as much as possible, one straightforward way is to specify that two SRS resources configured in two SRS resource sets for DL CSI acquisition can be triggered in the same time. Furthermore, to match the discrepancy of channel conditions between different panel to different TRPs, it should be supported that: 1) Each SRS resource can be configured with independent spatial relation; 2) Each SRS resource can be configured with independent power control parameters (i.e., alpha, p0, pathlossReferenceRS, and srs-PowerControlAdjustmentStates); 3) SRS ports of each SRS resource can be associated with different UE antenna ports.
Proposal 3: To fulfill TRP/panel-specific DL CSI acquisition via SRS with xT=xR (i.e., x=1, 2 or 4) based antenna switching per panel for STxMP UE in MTRP operation, support that two SRS resources for antenna switching configured in respective SRS resource sets for DL CSI acquisition can be triggered in the same time.,
· Each SRS resource can be configured with independent spatial relation.
· Each SRS resource can be configured with independent PC parameters, which including alpha, p0, pathlossReferenceRS, and srs-PowerControlAdjustmentStates.
· SRS ports of each SRS resource can be associated with different UE antenna ports.
Mapping between layers and antenna ports
For single DCI based STxMP PUSCH transmission in SDM scheme, different layers/DMRS ports of one PUSCH are separately precoded and transmitted from different UE panels simultaneously. From the perspective of codeword processing, the single codeword to be transmitted is mapped onto four layers, then each set of layers is precoded and transmitted by each set of antenna ports.
As an example depicted in Figure 2, TPMI 1 is used to indicate the precoder to be applied over PUSCH layers {0, 1} with PUSCH DMRS ports {0000, 0001}, and TPMI 2 is used to indicate the precoder to be applied over PUSCH layers {2, 3} with PUSCH DMRS ports {0002, 0003}, respectively. Wherein, the number of PUSCH layers corresponding to one precoder is determined by the indicated TPMI and the number of PUSCH DMRS port corresponding to one precoder is determined by the indicated SRI.
[image: ]
Figure 2	Mapping between layers and antenna ports per precoder for single DCI based STxMP PUSCH in SDM scheme
According to the current specification in TS38.211 with respect to PUSCH precoding, all layers of PUSCH and all antenna ports of PUSCH are precoded through a single precoding matrix W. However, as per the above explanation in details, precoding procedure of STxMP PUSCH transmission in SDM scheme should be that two sets of PUSCH layers and two sets of PUSCH antenna ports are precoded by two precoding matrices, respectively.
· TS38.211, Subclause 6.3.1.5
	[bookmark: _Hlk496880698]<Unrelated parts are omitted>


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  is given by  for single-layer transmission on a single antenna port, otherwise by Tables 6.3.1.5-1 to 6.3.1.5-7 with the TPMI index 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 .
<Unrelated parts are omitted>


In the meantime, according to the following endorsed CR in the last meeting on single DCI based STxMP SDM PUSCH [2], it can be noticed that the definition of PUSCH antenna ports to be precoded by each TPMI is quite unclear.
· Endorsed CR on TS38.214, Subclause 6.1.1.1
	<Unrelated parts are 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 the first TPMI is used to indicate precoder to be applied over layers {0…v1-1} 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 the second TPMI is used to indicate precoder to be applied over layers {v1….v2+v1-1}, v1 ≤ maxRankSdm and v2 ≤ maxRankSdm or maxRankSdmDCI-0-2 is defining the maximum number of layers applied over the first and the second SRS resource sets, separately.. 
-	When codepoint “00” or “01” of SRS Resource Set indicator is indicated, the second SRI and second TPMI are reserved, the first TPMI is used to indicate the precoder to be applied over layers {0…v-1}, where v ≤ maxRank, where maxRank is defining the maximum number of layers. 
-	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]. 
-	When two SRIs are indicated, the UE shall expect that the number of SRS antenna ports associated with two indicated SRIs would be the same. When the UE is configured with the higher layer parameter txConfig set to 'codebook', 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 'codebook', the UE is not expected to be configured with different number of SRS resources in the two SRS resource sets.
<Unrelated parts are omitted>


To avoid any ambiguity, the mapping between PUSCH layers and PUSCH antenna ports of each precoder in case of single DCI based STxMP PUSCH in SDM scheme should be accurately captured in the specification.
Proposal 4: For single DCI based STxMP PUSCH transmission in SDM scheme, specify that:
· The first precoding matrix is to be applied over PUSCH layers {0, ..., v1-1} and PUSCH antenna ports {0000, ..., 0000+p1-1}, where v1 is the number of layers indicated by the first TPMI, p1 is the number of SRS ports indicated by the first SRI.
· The second precoding matrix is to be applied over PUSCH layers {v1, ..., v1+v2-1} and PUSCH antenna ports {0000+p1, ..., 0000+p1+p2-1}, where v2 is the number of layers indicated by the second TPMI, p2 is the number of SRS ports indicated by the second SRI.
SRS resource set indication field
Regarding the codepoints of SRS resource set indicator field for dynamic switching between STxMP/SFN and sTRP transmission, the followings were agreed in previous meetings [3][4].
	Agreement (RAN1#112b-e)
The codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SDM and sTRP transmission are interpreted and the SRI/TPMI fields are designed as follows:
· The codepoints 00 and 01 indicate sTRP transmission. 00 indicates the first SRS resource set and 01 indicates the second SRS resource set. For SRI/TPMI field design, down-select one from the following Alts:
· Alt1: The DCI has two SRI fields and two TPMI fields. The first SRI field and first TPMI field are associated the first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01. The second SRI field and second TPMI fields are reserved.
· Alt2: the DCI has only one SRI field and one TPMI field. The SRI and TPMI field are associated with the first SRS resource set if codepoint=00 or the second SRS resource set if codepoint = 01. 
· Alt3: The DCI has two SRI fields and two TPMI fields. The first SRI field and second SRI field are concatenated into one SRI field. The first TPMI field and second TPMI field are concatenated into one TPMI field. The concatenated SRI field and the concatenated TPMI field are associated with first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01.
· FFS: If the concatenated bits are not sufficient, additional bits are appended to concatenated bits in order to support this feature
· Alt4: the DCI has two SRI fields and two TPMI fields.
· When the codepoint is 00, the first SRI field and first TPMI field are associated with the first SRS resource set. The second SRI field and second TPMI field are reserved. 
· When the codepoint is 01, the second SRI field and second TPMI field are associated with the second SRS resource set. The first SRI field and first TPMI field are reserved.
· The codepoints 10 indicate SDM transmission with the first and second SRS resource set.
· The first SRI field and first TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the first SRS resource set.
· The second SRI field and second TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the second SRS resource set.
· FFS: The codepoint 11 is reserved.

Agreement (RAN1#112b-e)
The codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SFN and sTRP transmission are interpreted and the design of SRI/TPMI fields are as follows:
· The codepoints 00 and 01 indicate sTRP transmission. 00 indicates the first SRS resource set and 01 indicates the second SRS resource set. 
· For the design of SRI/TPMI fields, re-use the design that is decided for dynamic switching between STxMP SDM and sTRP transmission.
· The codepoint 10 indicates STxMP SFN transmission with the first and second SRS resource set. 
· The first SRI field and first TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the first SRS resource set.
· The second SRI field and second TPMI field are associated with the second SRS resource set and they indicate the precoder(s)/SRI for the second SRS resource set (the rank is indicated by the first SRI field for NCB or the first TPMI field for CB)
· FFS: The codepoint 11 is reserved.

Agreement (RAN1#113)
For the codepoints 00 and 01 of “SRS resource set indicator” in DCI for dynamic switching between STxMP SDM and sTRP transmission, support Alt1:
· Alt1: The DCI has two SRI fields and two TPMI fields. The first SRI field and first TPMI field are associated the first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01. The second SRI field and second TPMI fields are reserved.
· This design is also applied to the codepoints 00 and 01 of “SRS resource set indicator” in DCI for dynamic switching between STxMP SFN and sTRP transmission.


Given that there is a total of three modes which need to be differentiated (i.e., STRP mode with the first SRS resource set, STRP mode with the second SRS resource set, MTRP/STxMP mode with the first and second SRS resource sets), it is natural to reserve the codepoint “11” of SRS resource set indicator field. Regrading the intention that information other than dynamic switching can be conveyed by this codepoint, it should be avoided due to joint interpretation of one DCI field will at least negatively impact the forward compatible of field extension.
Proposal 5: For SRS resource set indicator field in DCI for dynamic switching between STxMP SDM/SFN and sTRP transmission, the codepoint “11” should be reserved.
DMRS sequence initialization
In Rel-15/16, DMRS initialization ID (which denoted as nSCID) is used to guarantee the resulting DMRS generated from pseudo-random sequence to be orthogonal within a CDM group, which is similar to the virtual cell ID in LTE. If the underlying pseudo-random sequence would differ between different co-scheduled UEs, the resulting DMRSs would not be orthogonal.
With respect to PUSCH DMRS, it can be noted that DMRS-UplinkConfig in PUSCH-config is applicable to a particular BWP for all PUSCHs within a serving cell, in which DMRS initialization ID is shared among two TRPs. For MDCI based STxMP PUSCH+PUSCH, it is possible that PUSCH transmissions toward to different TRPs are indicated with the same DMRS ports by two independent DCIs because of the unawareness of MDCI MTRP operation with non-ideal backhaul assumption. Subsequently, the performance of PUSCH DMRS demodulation of the target TRP will be degraded by the interference from PUSCH DMRS with same sequence of the other TRP.
To address this issue, one simple and straightforward way is to specify that the initialization ID of PUSCH DMRS is mandatory to be different among two TRPs. Given that it was agreed to use two SRS resource sets associated with coresetPoolIndex value 0 and 1 respectively for DG PUSCH + DG PUSCH, CG PUSCH + DG PUSCH and CG PUSCH + CG PUSCH, it can be DMRS initialization ID of PUSCH associated with different values of coresetPoolIndex should be different. For example, DMRS initialization ID of PUSCH associated with coresetPoolIndex value 0 is set to 0 and DMRS initialization ID of PUSCH associated with coresetPoolIndex value 1 is set to 1, or vice versa.
Proposal 6: For MDCI based STxMP PUSCH+PUSCH, support that DMRS initialization ID of PUSCH associated with different values of coresetPoolIndex should be different.
STxMP PUCCH transmission
Configuration of STxMP PUCCH transmission in SFN scheme
Note that the PUCCH resource can be activated with two TCI states in both Rel-18 STxMP SFN scheme and Rel-17 MTRP TDM repetition scheme, the method for distinguishing these two schemes is further needed for PUCCH transmission. Upon the discussion in previous meetings, two options can be reached as follows:
· Option 1: Introduce an RRC parameter per PUCCH resource to configure Rel-18 STxMP SFN scheme.
· Option 2: Introduce an RRC parameter in “PUCCH-config” IE to enable Rel-18 STxMP SFN scheme.
In principle, either option 1 or option 2 can be adopted to fulfill the above objective. However, it is worth taking the following two aspects into consideration for down-selection:
· Aspect 1: Support of dynamic switching between STxMP SFN scheme and sTRP scheme.
In Rel-17, dynamic switching between MTRP TDM scheme and sTRP scheme of PUCCH repetition is done by PUCCH Spatial Relation (in FR2) or PC set (in FR1) update MAC CE with the indication of PRI field in DCI. For example, PUCCH resource 1 is activated with one spatial relation or PC set by MAC CE for MTRP PUCCH repetition, PUCCH resource 2 is activated with two spatial relations or PC sets by MAC CE for STRP PUCCH repetition. Then, depends on the indication of PRI field in DCI between PUCCH resource 1 and PUCCH resource 2, dynamic switching between MTRP scheme and STRP scheme of PUCCH repetition is performed. This mechanism can be reused as much as possible to enable the fallback from Rel-18 STxMP SFN scheme to sTRP scheme. 
For option 1, it cannot guarantee the above mechanism any more due to the fact that the PUCCH resource configured to Rel-18 STxMP SFN scheme cannot be switched to sTRP scheme. By comparison, option 2 can completely inherit this mechanism without additional specification change: for instance either STxMP SFN scheme or sTRP scheme depends only on the number of TCI states of the PUCCH resource indicated by PRI.
· Aspect 2: Utilization of PUCCH resources configured by RRC.
Given that dynamic switching between STxMP SDM/SFN scheme and Rel-17 MTRP TDM scheme of PUSCH transmission is precluded in Rel-18, the necessity of dynamic switching between STxMP SFN scheme and Rel-17 MTRP TDM scheme of PUCCH transmission is agnostic. Consequently, it is sufficient to enable STxMP SFN PUCCH transmission in UE specific (presumably same as PUCCH-config specific in this case), rather than PUCCH resource specific.
In this sense, option 1 will lead to the waste of RRC configured PUCCH resources due to it can be possible that not all of PUCCH resources are configured with STxMP SFN scheme. Option 2 can avoid this problem because whether STxMP SFN scheme is enabled to the PUCCH resource determined by the number of activated TCI states as the aforementioned explanation.
In the light of the above, option 2 that introduce an RRC parameter in “PUCCH-config” IE to enable Rel-18 STxMP SFN scheme should be adopted to distinguish Rel-18 STxMP SFN scheme and Rel-17 MTRP TDM repetition scheme for PUCCH transmission.
Proposal 7: Support to introduce an RRC parameter in “PUCCH-config” IE to distinguish Rel-18 STxMP SFN scheme and Rel-17 TDM repetition scheme to PUCCH.
· If a PUCCH resource is activated with two TCI states and the RRC parameter is enabled, Rel-18 STxMP SFN PUCCH scheme is performed.
· When the PUCCH resource is transmitted with multiple repetitions, each repetition is transmitted in STxMP SFN manner.
· If a PUCCH resource is activated with two TCI states and the RRC parameter is not enabled, Rel-17 TDM PUCCH scheme is performed.
· If a PUCCH resource is activated with one TCI state, no matter the RRC parameter is enabled or not, Rel-15/16 STRP PDCCH scheme is performed.
Conclusion
In this contribution, we provide our views on simultaneous UL transmission across multi-panel to MTRP in Rel-18. We have the following observation and proposals:
Observation 1: TRP/panel-specific DL CSI acquisition via SRS for STxMP UE in MTRP operation cannot be supported by the current specifications.
Proposal 1: If the UE is capable to support single DCI based STxMP PUSCH in SDM/SFN scheme,
· For CB PUSCH, up to two SRS resources from different SRS resource sets can be simultaneously transmitted, and up to one SRS resources can be transmitted from each of two SRS resource sets.
· For NCB PUSCH, up to four SRS resources can be simultaneously transmitted from two SRS resource sets, and up to two SRS resources can be transmitted from each of two SRS resource sets.
· Note: The above can be subject to UE capability.
Proposal 2: Study how to fulfill TRP/panel-specific DL CSI acquisition via SRS for STxMP UE in MTRP operation.
Proposal 3: To fulfill TRP/panel-specific DL CSI acquisition via SRS with xT=xR (i.e., x=1, 2 or 4) based antenna switching per panel for STxMP UE in MTRP operation, support that two SRS resources for antenna switching configured in respective SRS resource sets for DL CSI acquisition can be triggered in the same time.,
· Each SRS resource can be configured with independent spatial relation.
· Each SRS resource can be configured with independent PC parameters, which including alpha, p0, pathlossReferenceRS, and srs-PowerControlAdjustmentStates.
· SRS ports of each SRS resource can be associated with different UE antenna ports.
Proposal 4: For single DCI based STxMP PUSCH transmission in SDM scheme, specify that:
· The first precoding matrix is to be applied over PUSCH layers {0, ..., v1-1} and PUSCH antenna ports {0000, ..., 0000+p1-1}, where v1 is the number of layers indicated by the first TPMI, p1 is the number of SRS ports indicated by the first SRI.
· The second precoding matrix is to be applied over PUSCH layers {v1, ..., v1+v2-1} and PUSCH antenna ports {0000+p1, ..., 0000+p1+p2-1}, where v2 is the number of layers indicated by the second TPMI, p2 is the number of SRS ports indicated by the second SRI.
Proposal 5: For SRS resource set indicator field in DCI for dynamic switching between STxMP SDM/SFN and sTRP transmission, the codepoint “11” should be reserved.
Proposal 6: For MDCI based STxMP PUSCH+PUSCH, support that DMRS initialization ID of PUSCH associated with different values of coresetPoolIndex should be different.
Proposal 7: Support to introduce an RRC parameter in “PUCCH-config” IE to distinguish Rel-18 STxMP SFN scheme and Rel-17 TDM repetition scheme to PUCCH.
· If a PUCCH resource is activated with two TCI states and the RRC parameter is enabled, Rel-18 STxMP SFN PUCCH scheme is performed.
· When the PUCCH resource is transmitted with multiple repetitions, each repetition is transmitted in STxMP SFN manner.
· If a PUCCH resource is activated with two TCI states and the RRC parameter is not enabled, Rel-17 TDM PUCCH scheme is performed.
· If a PUCCH resource is activated with one TCI state, no matter the RRC parameter is enabled or not, Rel-15/16 STRP PDCCH scheme is performed.
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