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Introduction
The Rel-18 WID on NR MIMO evolution for downlink and uplink is approved [1], which includes the following objective:
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 discuss various aspects related to simultaneous multi-panel UL transmission other than the aspects related to unified TCI, which is discussed separately in AI 9.1.1.1. In this contribution, we discuss the following:
· In Section 2, aspects related to shared digital ports are discussed.
· In Section 3, enhancements for single-DCI based simultaneous multi-panel UL transmission are discussed.
· In Section 4, enhancements for multi-DCI based simultaneous multi-panel UL transmission are discussed.
· In Section 5, aspects related to beam management and PHR are discussed. 
Shared digital ports for STxMP
The following proposal and some other versions of it were discussed in RAN1 #112-bis-e to address shared digital ports:
Proposal 1.3 version 2:
To enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same,
· Consider the following alternative solutions and strive to down-select at most one in RAN1#113:
· Alt1: The gNB configures separate codebook subsets for sTRP and STxMP SDM/SFNtransmission. For example, codebook subset configured for STxMP SDM/SFN has precoders that only use part of the ports (e.g., 2 of all 4 ports).  FFS: related UE capability reporting.  
· Alt2: The gNB configures SRS resources with different number of ports in one SRS resource set for sTRP transmission and STxMP SDM/SFN transmission. For example, the gNB configures one 4-port SRS resource (for sTRP transmission) and one 2-port SRS resource (for STxMP SDM/SFNtransmission) in one SRS resource set
· Alt3: The TPMI indicated for STxMP SDM/SFN transmission corresponds to a fixed/semi-static subset of the SRS ports. The gNB configures SRS resources with P ports. When the STxMP SDM/SFN scheme is indicated, each TPMI indicates precoder(s) with P/2 ports that correspond to a fixed/semi-static P/2 ports of the indicated SRS resource.
· Note: This is an optional UE feature and related UE capability details will be discussed in UE feature session.
· Note: If RAN1 cannot make a down-selection in RAN1#113, the above feature will not be supported in Rel-18.
· FFS: Subject to UE capability, two SRS resource sets for CB can/cannot be transmitted in overlapping symbols. 
· FFS: Introduce an inter-set guard period of Y symbols between two SRS resource sets for CB, where UE does not transmit any other signal on any symbol within the inter-set guard period.
· FFS: whether/how to address the shared port UE in multi-DCI based STxMP PUSCH+PUSCH transmission
· Note: the above solutions, if any, are only applicable to CB-based PUSCH transmission

The working assumption on separate max rank configurations allows to configure a max rank for SDM/SFN scheme (applied separately to the two SRS resource sets) that is smaller than the legacy max rank. This only partially addresses the implementation of shared digital ports. Hence, one of the Alts above would be needed to address the same in terms of max number of used PUSCH ports. Otherwise, shared digital ports cannot be supported, and as a result, the working assumption becomes meaningless. As discussed during RAN1 #112-bis-e, for separate digital ports, a separate max rank configuration is not needed, and instead setting the max rank for SDM schemes as min(legacy max rank, 2) would be enough.  
The three alternatives to address the issue are illustrated in Figure 1, where P=4 is assumed in the illustration of Alt1 and Alt3. Furthermore, the pros / cons for each Alt are listed in Table 1.
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Figure 1: Illustration of Alts 1/2/3 for shared digital ports.

Table 1: Comparison between different solutions for Mode 1 PUSCH antenna ports.
	
	Pros
	Cons

	Alt 1
	· Allows for antenna selection
	· Coherent precoders cannot be used

	Alt 2
	· Simplicity (but may not have small spec impact if interactions with 'fullpowerMode2' need to be addressed)
	· Additional unnecessary SRS overhead
· Does not allow for antenna selection
· Conflict with 'fullpowerMode2'

	Alt 3
	· Minimal spec impact and naturally minimizing DCI overhead
· Can use coherent precoders
	· Does not allow for antenna selection



Based on the list of pros/cons above, we slightly prefer Alt 3. For Alt 3, we can assume that the fixed subset of SRS ports is port 0 for 2-port SRS and is ports {0,2} for 4-port SRS. This is because ports 0 and 2 are coherent for partial coherent UE.
Given the majority view in RAN1 #112-bis-e in terms of preferring Alt 1, we can also be ok with the direction of Alt 1. However, there are two issues in the current formulation of Alt1 (gNB configures separate codebook subsets for sTRP and STxMP SDM/SFNtransmission), 
· Issue 1: It does not allow for using partial-coherent precoders for rank 1 in the case of SRS resource with 4 ports (P=4). Note that for rank 2, only noncoherent precoders can be used. However, for rank 1, both non-coherent and partial-coherent precoders can be used. Hence, the codebook subset also depends on the number of layers. If this issue is fixed, the only case that Alt1 cannot use coherent precoding (while Alt3 can) will be P=4 and 2 layers, which minimizes the downside of Alt1.
· Issue 2: If the codebook subset for sTRP is configured as “nonCoherent”, it does not make sense to configure “partialAndNonCoherent” or “fullyAndPartialAndNonCoherent” for SDM/SFN schemes. Similarly, if the codebook subset for sTRP is configured as “partialAndNonCoherent”, it does not make sense to configure “fullyAndPartialAndNonCoherent” for SDM/SFN schemes. Hence, separate configurations are not needed.

To address both issues above within the framework of Alt1, we suggest the following. Note that only the following cases require spec impact. 
· If the legacy codebook subset (for sTRP) is configured as “nonCoherent”, no spec impact is needed.
· If maxRank = 1 for SDM/SFN schemes, and the legacy codebook subset (for sTRP) is configured as “partialAndNonCoherent”, no spec impact is needed.
· If maxRank = 1 for SDM/SFN schemes, and the legacy codebook subset (for sTRP) is configured as “fullyAndPartialAndNonCoherent”: 
· For 4-port SRS: Only TPMIs associated with “partialAndNonCoherent” can be indicated. 
· For 2-port SRS: Only TPMIs associated with “nonCoherent” can be indicated
· If maxRank = 2 for SDM/SFN schemes, and the legacy codebook subset (for sTRP) is configured as “partialAndNonCoherent” or “fullyAndPartialAndNonCoherent”
· In addition to the TPMIs associated with “nonCoherent” for 1-layer or 2-layers, only TPMIs associated with “partialAndNonCoherent” for 1-layer can be indicated.

Proposal 1: To enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same, support:
· First preference (Alt 3): The TPMI indicated for STxMP SDM/SFN transmission corresponds to a fixed subset of the SRS ports. The fixed subset is
· Port 0 for 2-port SRS
· Ports {0,2} for 4-port SRS
· Second preference (Alt 1):
· If maxRank = 1 for SDM/SFN schemes, and the legacy codebook subset (for sTRP) is configured as “fullyAndPartialAndNonCoherent”: 
· For 4-port SRS: Only TPMIs associated with “partialAndNonCoherent” can be indicated. 
· For 2-port SRS: Only TPMIs associated with “nonCoherent” can be indicated
· If maxRank = 2 for SDM/SFN schemes, and the legacy codebook subset (for sTRP) is configured as “partialAndNonCoherent” or “fullyAndPartialAndNonCoherent”
· In addition to the TPMIs associated with “nonCoherent” for 1-layer or 2-layers, only TPMIs associated with “partialAndNonCoherent” for 1-layer can be indicated.

Furthermore, we would like to discuss the following aspects that were brought up during the discussions in RAN1 #112-bis-e:
· Simultaneous transmission of SRS: In our understanding, this is an enhancement that is only applicable to separate digital ports. In case of shared digital ports, UE cannot simultaneously transmit the two SRS resources associated with the two SRS resource sets. This requires UE to be equipped with 2*P digital ports (P ports per panel). Hence, we are not share why this is relevant to shared digital ports. In the context of separate digital ports, STxMP transmission of SRS resources from different panels can be discussed as a separate enhancement, but this enhancement is unrelated to shared digital ports.
· [bookmark: _Hlk133598150]The need for inter-set guard period for SRS: If we consider Rel-17 mTRP TDM-based PUSCH repetition, two SRS resources can be transmitted from two panels w/o any inter-set guard period for CB/NCB SRS. Obviously, separate digital ports are not even applicable to TDM scheme as the PUSCH repetitions are not overlapping. Hence, from the SRS transmission point of view, we do not see any difference between Rel-17 mTRP TDM case and shared digital ports for STxMP. More justification would be required to justify the need for inter-set guard period for CB/NCB based SRS. This is not same as SRS for “antennaSwitching” with different number of Rx/Tx ports. If the need is justified, we would be open to allow for inter-set guard period subject to UE capability, but we would like to first understand how this is different compared to Rel-17 SRS resource sets for mTRP TDM scheme.
· Applicability to NCB-based PUSCH: It is not clear if this issue is applicable to NCB-based STxMP PUSCH given that each PUSCH port correspond to one indicated SRS resource. Hence, the separate configuration of max rank (or maxMIMO-Layers) can already address the issue as this configuration controls the maximum number of SRS resources that can be indicated within each SRS resource set. Additional specification support to enable shared digital ports seems unnecessary for NCB-based PUSCH.
· Applicability to multi-DCI based STxMP PUSCH+PUSCH: The implementation of shared digital ports is also applicable to multi-DCI. However, in the multi-DCI case, the interpretation of a DCI cannot be a function of another DCI, which determines whether there is an overlapping PUSCH or not. As a result, only UE capability discussions would be needed to address the issue. That is, number of layers / PUSCH ports of one PUSCH can be potentially larger when there is no other overlapping PUSCH compared to when there is an overlapping PUSCH. In case of ideal backhaul, network can take advantage of this. However, in case of non-ideal backhaul, one TRP has to assume the worst case as it does not know whether the other TRP schedules the UE or not. Hence, it becomes network responsibility to ensure that UE capability is not exceeded. 

Based on the discussions above, we observe the following:
Observation 1: For the UE implementation of shared digital ports:
· Simultaneous SRS transmission from two panels is not possible / applicable.
· The need for inter-set guard period for SRS should be first justified given that Rel-17 mTRP TDM PUSCH repetition is similar, and it does not have such guard period.
· For NCB-based PUSCH, additional specification support is not required as separate configuration of max rank can already address the issue.
· For multi-DCI based STxMP PUSCH+PUSCH, it is network responsibility to ensure that UE capability is not exceeded. The details of UE capability signaling can be discussed in UE feature session. 
Single-DCI based STxMP
Regarding dynamic switching between sTRP and SDM scheme, the following were agreed:
Working Assumption
For dynamic switching between STxMP SDM scheme and sTRP transmission, support the following:
· For sTRP transmission: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) as in current spec (i.e., Option 1)
· For SDM scheme: configure one single maximal number of layers (separate from maxRank (or Lmax) for sTRP) that is applied to the first SRS resource set and the second SRS resource set, separately (i.e., Alt1)
· FFS: Whether/How to enable that the total number of used PUSCH antenna ports for the SDM and sTRP is the same. 
· Note: This corresponds to the case that digital ports are shared between the panels
· Note: RAN1 supports both implementations that digital ports are shared or separate among panels

Agreement
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.

As discussed during RAN1 #112-bis-e, Alt2 and Alt3 can both minimize DCI overhead, which is an important consideration especially for shared digital ports. However, Alt2 has the following advantages over Alt3:
· Simplicity and consistency with existing specification: Note that in the existing specification, there are two types of zero-padding: Per DCI field and per DCI format (i.e., at the end of DCI). Two examples for per DCI field zero-padding is C-RNTI versus CS-RNTI (Rel-15), and dynamic waveform switching (Rel-18). Two examples for per DCI format zero-padding (i.e., at the end of DCI) are multi-PUSCH/PDSCH scheduling (Rel-16/17) and alignment due to different DCI size in different CORESETs (Rel-15). These two examples (for DCI format 1_1 in existing spec) are copied below for reference. 
· Alt2 is consistent with these examples. However, Alt3 is a new type of zero-padding. It is neither per DCI field nor per DCI format. In fact, Alt3 requires to zero-pad two fields (in case of SDM/SFN) versus one field (in case of sTRP), which is more complicated at least in terms of description in the specifications.

38.212, Section 7.3.1.2.2:
If DCI formats 1_1 are monitored in multiple search spaces associated with multiple CORESETs in a BWP for scheduling the same serving cell, zeros shall be appended until the payload size of the DCI formats 1_1 monitored in the multiple search spaces equal to the maximum payload size of the DCI format 1_1 monitored in the multiple search spaces. 
If the number of information bits in DCI format 1_1 scheduling a single PDSCH prior to padding is not equal to the number of information bits in DCI format 1_1 scheduling multiple PDSCHs for the same serving cell, zeros shall be appended to the DCI format 1_1 with smaller size until the payload size is the same for scheduling a single PDSCH and multiple PDSCHs.

· Possibility of even smaller DCI overhead: If there are other fields of the DCI that their bit-width are a function of sTRP versus SDM/SFN, Alt2 becomes better than Alt3 in terms of DCI size. One such example is PTRS-DMRS association field as discussed in more details below. The reason that Alt2 can have smaller DCI size compared to Alt3 in this case is that zero-padding is at the end of the DCI, and Alt3 cannot minimize the DCI overhead in this case unless if concatenation of three fields (two TPMI/SRI fields + PTRS-DMRS association field) is considered, which is not reasonable.  

Note that Alt1 or Alt4 should be avoided especially for shared digital ports given that the DCI overhead saving is non-trivial (it is not only limited to 1 or 2 bits, and it can be more). One example is shown below:
Assume legacy max rank=2, new max rank for SDM=1, codebookSubset = fullyAndPartialAndNonCoherent, shared digital ports, and 4-port SRS resources:
· Under Alt3 assumption for shared digital ports, we have the following number of bits considering the TPMI field for sTRP and the two TPMI fields for SDM:
· Alt1: 6+3=9
· Alt2/3: max(6,3+3)=6 
· Alt4: 6+6=12
· Under Alt1 assumption for shared digital ports, we have the following number of bits for the two TPMI fields:
· Alt1: 6+4=10
· Alt2/3: max(6,4+4)=8 
· Alt4: 6+6=12
Hence, compared to Alt1, we can save 3 or 2 bits with Alt2/3. Compared to Alt4, we can save 6 or 4 bits in Alt2/3. 
Given the discussions above, we support Alt2. 
Furthermore, it is agreed that the same design should be used for both SDM and SFN schemes wrt dynamic switching between SDM/SFN scheme and sTRP transmission:
Agreement
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.

Another issue for both SDM/SFN schemes is codepoint 11 of the SRS resource set indicator field. We think this codepoint should be reserved given that switching the order of layers has no use case (since the issue of DMRS port indication is already resolved by previous agreements). Given the discussions above, we propose the following:
Proposal 2: For single-DCI based STxMP SDM or SFN schemes:
· For codepoints 00 and 01 of the “SRS resource set indicator”, support 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.
· If the number of information bits in DCI scheduling sTRP PUSCH prior to padding is not equal to the number of information bits in DCI scheduling SDM PUSCH, zeros shall be appended to the DCI with smaller size until the payload size is the same for both.
· The codepoint 11 is reserved.

For PTRS-DMRS association in case of SDM scheme, the following were agreed in RAN1 110-bis-e and RAN1 #112, respectively:
Agreement
Support to configure up to 2 PTRS ports for SDM scheme of single-DCI based STxMP PUSCH transmission:
· For 2 PTRS ports, study how to use the ‘PTRS-DMRS association’ field in DCI format 0_1 and 0_2 to indicate the PTRS-DMRS association for SDM scheme

Agreement
When max 2 PTRS ports are configured for SDM scheme of single-DCI based STxMP PUSCH:
· Actual number of PTRS ports in SDM is 2 and 2-bit “PTRS-DMRS association” DCI field is used to indicate the PTRS-DMRS association for the DMRS ports associated with two TMPI/SRI fields.
· The MSB indicates the association between PTRS port 0 and the DMRS port(s) associated with the first TPMI/SRI field.
· The LSB indicates the association between PTRS port 1 and the DMRS port(s) associated with the second TPMI/SRI field. 
· Regarding the “ptrs-PortIndex” configured to SRS resource for NCB PUSCH of SDM scheme, the UE ignores the configuration of “ptrs-PortIndex” per SRS resource.
FFS: Whether additional RRC configuration is needed for the max number of PTRS ports for SDM transmission

It is already agreed that the max number of PTRS ports can be configured for SDM scheme. The remaining part is whether the legacy RRC parameter “maxNrofPorts” is used for both sTRP and SDM, or if a new configuration is needed for max number of PTRS ports for SDM scheme. In our view, for a typical use case / deployment scenario, network configures maxNrofPorts=1 for sTRP but configure maxNrofPorts=2 for SDM scheme (if the UE is capable). 
It is important to note that if the legacy RRC parameter “maxNrofPorts” is used for both sTRP and SDM and is set to 2, while it is true that the actual number of PTRS ports can still be 1 for sTRP, this puts a restriction on which TPMIs can be indicated for sTRP (given that the indicated TPMI determines the actual number of PTRS ports in this case). 
To illustrate the issue clearly, following example was given in Email discussions of RAN1 #112-bis-e:
· Assume a new RRC param for max number of PTRS ports for SDM is not introduced.
· The legacy RRC param “maxNrofPorts” is set to 2
· For SDM, the actual number of PTRS ports is always 2 based on the previous agreement.
· For sTRP, the actual number of PTRS port can be 1 or 2.
· If only 1 PTRS port is needed for sTRP, some of the non/partial-coherent TPMIs cannot be indicated for sTRP because they result in 2 actual PTRS ports according to 38.214 
· For example, 2 layers with 2 PUSCH port cannot even be scheduled for sTRP for non-coherent UE (see Table 6.3.1.5-4 in 38.211)
· As another example, many of the non/partial-coherent TPMIs cannot be used for 2 layers with 4 PUSCH ports for sTRP, e.g., TPMI index 0,2,3,5 (from non-coherent TPMIs), 6-13 (all partial-coherent TPMIs). See Table 6.3.1.5-5 in 38.211.

This complication / restriction is very unreasonable and should be simply avoided by allowing a separate configuration.    
Proposal 3: Max number of PTRS ports is separately configured for SDM scheme (separate than the legacy maxNrofPorts).

One additional issue for SDM is related to the bit-width of PTRS-DMRS association field in the DCI format 0_1/0_2. In current spec, this field does not exist if legacy maxRank=1. Given the new maxRank configuration agreed for SDM scheme, it is not clear how the bit-width of PTRS-DMRS association field is impacted. For example, assuming legacy maxRank=1 and the new maxRank=1, based on legacy, PTRS-DMRS association field is not present. However, this field is needed for SDM scheme given that PUSCH has two layers (at least for the case that max number of PTRS ports is 1). This issue exists irrespective of whether a separate configuration for max number of PTRS ports for SDM is agreed or not.

Given this, the number of bits needed for PTRS-DMRS association field depends on sTRP versus SDM, which means that DCI size alignment is needed. This can be done by considering the max of the two sizes for the PTRS-DMRS association field, or can be done as part of zero-padding at the end of the DCI. 

Proposal 4: When SDM scheme is indicated by the DCI, the size of the PTRS-DMRS association field is determined based on the configuration of new max rank for SDM scheme.
· DCI size is aligned between sTRP and SDM scheduling. 

In RAN1 #111, it was agreed to support SFN PUCCH scheme. Beam indication (and power control) details are discussed in sub-agenda 9.1.1.1. The only remaining issue to be discussed in this agenda item is how to distinguish between Rel-17 TDM scheme versus SFN scheme. In both cases, two beams / two sets of power control params are indicated to the UE via unified TCI. Hence, UE needs to be also indicated with the scheme. For SNF scheme, if the PUCCH transmission is over multiple repetitions, each repetition is transmitted in SFN manner in this case (which is useful for coverage enhancements). We do not see any reason why PUCCH repetitions should be disallowed for SFN scheme for PUCCH given that the same is not disallowed for SDM/SFN scheme for PUSCH.

Furthermore, the following question was discussed toward the end of RAN1 #112-bis-e:

Question 3: do you support to configure rel-18 STxMP SFN scheme to some PUCCH resource(s) and configure rel-17 TDM repetition scheme to some other PUCCH resource(s) in the same CC?

In our view, the above operation is not needed given that the same dynamic switching is not possible for PUSCH (between TDM/SDM/SFN in case of PUSCH). Hence, the configuration of SFN scheme can be per “PUCCH-Config” rather than per “PUCCH-Resource”. Note that when SFN scheme is configured in “PUCCH-Config”, it does not mean that all PUCCH resources will be transmitted in SFN manner. Based on the following agreement in sub-agenda 9.1.1.1, whether PUCCH transmissions are based on two TCI states (TDM/SFN) or based on one TCI state (sTRP) is based on a separate configuration as agreed below.

Agreement
On unified TCI framework extension for S-DCI based MTRP, use RRC configuration to inform that the UE shall apply the first one, the second one, or both of the indicated joint/UL TCI states to a PUCCH resource/group
· Note: Detail of the RRC configuration is left to RAN2 design

Hence, we propose the following:
Proposal 5: Support to introduce an RRC-parameter under “PUCCH-Config” IE that enables SFN scheme for PUCCH. When a PUCCH resource is configured to apply both indicated TCI states (based on the agreement in AI 9.1.1.1):
· If this RRC parameter under “PUCCH-Config” IE is not configured: Rel-17 TDM PUCCH scheme is assumed
· If this RRC param under “PUCCH-Config” IE is configured: SFN PUCCH scheme is assumed.
· If the PUCCH transmission is over multiple repetitions, each repetition is transmitted in SFN manner.
Multi-DCI based STxMP
The following were agreed for multi-DCI based STxMP PUSCH+PUSCH transmission with respect to the first and second SRS resource sets.
Agreement
· For multi-DCI based STxMP, to schedule a PUSCH for STxMP PUSCH+PUSCH transmission, 
· Alt1: The first SRS resource set is associated with coresetPoolIndex value 0 and the other SRS resource set is associated with coresetPoolIndex value 1
· The PUSCH is associated with SRS resource set with the same value of coresetPoolIndex 
· FFS: Which is the first SRS resource set, e.g., the set with lower set ID.
· Regarding how to interpret the SRI/TPMI field in DCI:
· For DG-PUSCH, the indicated SRI/TPMI field corresponds to the SRS resource set associated with same coresetPoolIndex value of the CORESET where scheduling DCI format 0_1 or 0_2 is received
· For Type 2 CG-PUSCH, the indicated SRI/TPMI field corresponds to the SRS resource set associated with same coresetPoolIndex value of the CORESET where activation DCI is received. 
· For Type 1 CG-PUSCH, one SRS_resource_set_index value is configured in RRC in ConfiguredGrantConfig and the srs-ResourceIndicator/precodingAndNumberOfLayers correspond to the SRS resource set 

Agreement
Among the two SRS resource sets configured for multi-DCI based STxMP PUSCH+PUSCH, the SRS resource set with lower set ID is the first SRS resource set.

The above does not separately consider the SRS resource sets configured for DCI format 0_1 versus the SRS resource sets configured for DCI format 0_2. In Rel-17 single-DCI based TDM mTRP PUSCH, the first / second SRS resource sets are determined separately among the SRS resource sets configured for DCI format 0_1 versus for DCI format 0_2 as captured by the two notes in Table “7.3.1.1.2-36: SRS resource set indication” in 38.212. 
NOTE 1: The first and the second SRS resource sets are respectively the ones with lower and higher srs-ResourceSetId of the two SRS resources sets configured by higher layer parameter srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2, and associated with the higher layer parameter usage of value 'nonCodeBook' if txConfig=nonCodebook or 'codebook' if txConfig=codebook. When only one SRS resource set is configured by higher layer parameter srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2, and associated with the higher layer parameter usage of value 'codebook' or 'nonCodeBook' respectively, the first SRS resource set is the SRS resource set. The association of the first and second SRS resource sets to PUSCH repetitions for each bit field index value is as defined in Clause 6.1.2.1 of [6, TS 38.214].
NOTE 2: For DCI format 0_2, the first and second SRS resource sets configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 are composed of the first  SRS resources together with other configurations in the first and second SRS resource sets configured by higher layer parameter srs-ResourceSetToAddModList, if any, and associated with the higher layer parameter usage of value 'codebook' or 'nonCodeBook', respectively, except for the higher layer parameters 'srs-ResourceSetId' and 'srs-ResourceIdList'.

While for multi-DCI based mTRP, the SRS resource set field is not present, the association between SRS resource sets and coresetPoolIndex values in case that more than two SRS resource sets are configured across srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2.
Proposal 6: For multi-DCI based STxMP PUSCH+PUSCH transmission, when srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2 are both configured
· The rule “the SRS resource set with lower ID is associated with coresetPoolIndex value 0, and the SRS resource set with higher ID is associated with coresetPoolIndex value 1” is applied separately to srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2.

Furthermore, all cases of DG+DG, DG+CG, and CG+CG have been agreed. Focusing on CG-PUSCH + DG-PUSCH, there are three behaviours / procedures in legacy that prevent simultaneous CG+DG transmissions as discussed in more details below:
· Procedure 1: Rel-15 behaviour (if prioHighDG-LowCG or prioLowDG-HighCG are not configured, or if both CG and DG have the same PHY layer priority index):
· In this case, CG is dropped conditioned on the first symbol of the CG being at least N2 symbols after the last symbol of DCI scheduling the DG. Note that partial cancelation is not allowed in this case (instead the whole CG is dropped).
· Procedure 2: Rel-17 behaviour for high priority DG versus low priority CG (if prioHighDG-LowCG is configured):
· In this case, the LP-CG is cancelled before the first symbol overlapping with the HP-DG. In this case, cancelation timeline equal to N2+d1+d3 symbols should be satisfied, where N2+d1corresponds to Rel-16 cancelation timeline and d3 is an additional processing time for canceling the CG, introduced in Rel-17. 
· Procedure 3: Rel-17 behaviour for high priority CG versus low priority DG (if prioLowDG-HighCG is configured):
· In this case, the LP-DG is cancelled before the first symbol overlapping with the HP-CG, and no processing time is defined since a dynamic event does not result in cancelation.      

These behaviours are illustrated in Figure 2.
[image: ]
[bookmark: _Ref118193008]Figure 2: Rel-15 and Rel-17 behaviors for DG-CG overlap.
To allow for simultaneous DG-PUSCH + CG-PUSCH associated with different coresetPoolIndex values, these procedures should be applied separately per coresetPoolIndex. Otherwise, either the CG or the DG is not transmitted based on the existing specification.
Proposal 7: For CG-PUSCH + DG-PUSCH in multi-DCI based STxMP PUSCH+PUSCH transmission, the following procedures for CG/DG overlap are performed separately for the two coresetPoolIndex values:
· Procedure 1: Rel-15 behaviour (if prioHighDG-LowCG or prioLowDG-HighCG are not configured, or if both CG and DG have the same PHY layer priority index)
· Procedure 2: Rel-17 behaviour for high priority DG versus low priority CG (if prioHighDG-LowCG is configured)
· Procedure 3: Rel-17 behaviour for high priority CG versus low priority DG (if prioLowDG-HighCG is configured)

The following was agreed in RAN1 #112 to address the issue of UCI multiplexing in the case of multi-DCI based STxMP PUSCH+PUSCH:
 Agreement
For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, down-select one for the UCI multiplexing:
· Option 1: the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
· Option 2: the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
· Option 3: 
· When joint HARQ-ACK feedback is configured, the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
· When separate HARQ-ACK feedback is configured, at least when the UCI includes HARQ-ACK, the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
· FFS: When the UCI does not include HARQ-ACK (CSI and/or SR), whether to follow the same behavior as above, or to follow the behavior of the case that joint HARQ-ACK feedback is configured.
· Note: Here using joint HARQ-ACK feedback and separate HARQ-ACK feedback is mainly for discussion purpose. FFS: whether to introduce a new RRC parameter to indicate that.
· FFS the impact of the following legacy restriction on the above options:  when separate HARQ feedback is configured, a PUCCH transmission triggered by DCI associated with one coresetPoolIndex cannot overlap in time with a PUSCH transmission triggered by DCI associated with another coresetPoolIndex.   
· Note: each of the above options is applied to the system when the system is configured with multi-DCI based STxMP PUSCH+PUSCH.

It should be clear that Option 2 does not work for non-ideal backhaul as it results in multiplexing HARQ-ACK from one TRP to PUSCH of another TRP, while the other TRP is not even aware of the presence / codebook size of that HARQ-ACK. Hence, both HARQ-ACK and PUSCH transmissions will fail.
Our first preference is Option 1 given that it does not require different handling for the case of separate or joint feedback and can work for both cases (even though it adds some restrictions for the case of joint feedback). Regarding “FFS: determining the PUSCH associated with the same TRP”, we think coresetPoolIndex should be used. Note that PUSCH+PUSCH may be in one CC (SCell) and PUCCH resource can be in another CC (PCell). This also includes the case that PUSCH+PUSCH is in FR2 but PUCCH is in FR1. In legacy, UCI multiplexing is not within the same CC/beam or even within the same FR. Hence, UCI multiplexing based on same indicated TCI state does not work.   
Our second preference is Option 3. On the one hand, Option 3 requires different solutions for joint versus separate feedback. On the other hand, it is more aligned with the principle of these two feedback modes. Furthermore, in case of joint feedback, the UCI should be multiplexed on the PUSCH that is associated with coresetPoolIndex value 0 (if the legacy priority rule does not result in a unique PUSCH). This means that UCI does not need to be associated with a coresetPoolIndex value in case of joint feedback or in the case that UCI does not include HARQ-ACK (only includes CSI and/or SR). This is desirable because in the current spec the general association of PUCCH with coresetPoolIndex value is only defined when 1) separate HARQ-ACK is configured, and 2) UCI includes HARQ-ACK (as discussed above, the association of unified TCI in Rel-18 does not work for this case as PUCCH and PUSCH CCs may not be the same). Hence, for the case that the UCI does not include HARQ-ACK (CSI and/or SR), the same behaviour as the case that joint feedback is configured should be followed in Option 3.
Regarding “FFS: whether to introduce a new RRC parameter to indicate that” in Option 3, we do not see a need for a different RRC configuration.
Regarding “FFS the impact of the following legacy restriction on the above options”, we think the case that PUCCH with HARQ-ACK associated with one coresetPoolIndex value overlapping only with PUSCHs associated with another coresetPoolIndex value should remain to be error case for separate feedback. This would be consistent with Rel-16 rule given that if the conflict is avoided by network implementation, there is no error case. Hence, if a given TRP schedules PUSCH in one or more CCs, it can safely schedule the PUCCH resource to be overlapping given that UCI will be multiplexed with the PUSCH associated with the same TRP in Option 3. 
Lastly, there were some discussions in RAN1 #112-bis-e regarding how to understand the Rel-16 restriction in the case of separate feedback. Based on the following spec and the corresponding Rel-16 agreement, our understanding is that if UCI multiplexing result in no conflict, there is no error case in Rel-16 since the actual transmissions do not overlap when they correspond to different TRPs. Otherwise, gNB needs to ensure that the actual transmissions to different TRPs are TDM.
 Agreement (RAN1#98b)
For multi-PDCCH based multi-TRP/panel transmission, when separated ACK/NACK feedback is enabled, 
· PUCCH/PUSCH collision between different TRPs can be avoided by implementation and UE doesn’t expect overlapping PUCCHs/PUSCHs transmission toward different TRPs. For PUCCH/PUSCH transmission toward the same TRP, Rel-15 multiplexing rules apply. 
· Note that PUCCH resources can be associated with values of higher layer index per CORESET so that indices may be used to differentiate TRP to determine whether there is overlapping among TRPs. PUSCH can be differentiated by scheduling CORESET in terms of targeted TRP. 

38.213, Section 9.2.5
A UE that
-	is not provided coresetPoolIndex or is provided coresetPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
-	is provided coresetPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ackNackFeedbackMode = separate
does not expect a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a CORESET from the first CORESETs to overlap in time with a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a CORESET from the second CORESETs.

Given the discussions above, we propose the following, where the FFS’s in the agreement are also addressed below.

Proposal 8: For UCI multiplexing in the case of multi-DCI based STxMP PUSCH+PUSCH
· First preference (Option 1): The UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. 
· PUSCH associated with the same TRP is based on coresetPoolIndex value. 
· FFS: How to determine coresetPoolIndex value associated with a UCI in case of joint feedback or in case that the UCI only includes CSI and/or SR
· Second preference (Option 3): 
· When joint HARQ-ACK feedback is configured or when the UCI does not include HARQ-ACK (when the UCI only includes CSI and/or SR), the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in the PUSCH associated with coresetPoolIndex value 0. 
· When separate HARQ-ACK feedback is configured, at least when the UCI includes HARQ-ACK, the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. 
· PUSCH associated with the same TRP is based on coresetPoolIndex value
· When separate HARQ-ACK feedback is configured and the UCI that includes HARQ-ACK is associated with a coresetPoolIndex value, the UE does not expect this UCI to only overlap with PUSCH(s) associated with a different coresetPoolIndex value.
· There is no need for a separate RRC configuration.

When two SRS resource sets are configured for the UE, it may be for one of the following purposes:
· sDCI based TDM scheme based on Rel-17  “SRS resource set indicator” field and second SRI/TPMI fields are present
· sDCI based SDM scheme for STxMP  “SRS resource set indicator” field and second SRI/TPMI fields are present
· sDCI based SFN scheme for STxMP  “SRS resource set indicator” field and second SRI/TPMI fields are present
· mDCI based PUSCH+PUSCH for STxMP  “SRS resource set indicator” field and second SRI/TPMI fields are not present

For the first three, RRC-based switching is already agreed. Hence, it is reasonable to also assume RRC-based switching between sDCI and mDCI (no dynamic switching or concurrent operations between them similar to Rel-16 DL mTRP). However, it is not clear how to distinguish between sDCI and mDCI. On the one hand, configuration of two coresetPoolIndex values are needed for mDCI. On the other hand, we could not find a restriction in Rel-17 disallowing configuration of two coresetPoolIndex values when TDM scheme is configured (based on configuration of two SRS resource sets). 
At the same time, for Rel-18 mDCI STxMP PUSCH+PUSCH (two PUSCHs are overlapping in time), the associated SRS resource set is based on coresetPoolIndex value, and hence the “SRS resource set indicator” field is not present. To address the issue, we see two options:
· Option 1: If two coresetPoolIndex values and two SRS resource sets are configured to the UE, the DCI does not include “SRS resource set indicator” field and second SRI/TPMI fields.
· This means that sDCI based TDM/SDM/SFN schemes are not possible in this case.
· mDCI based PUSCH+PUSCH STxMP is enabled only by configuration of two coresetPoolIndex values and two SRS resource sets.
· Option 2: One RRC parameter configures one of STxMP schemes {sDCI SDM, sDCI SFN, mDCI PUSCH+PUSCH}. When two SRS resource sets are configured:
· If the RRC parameter is not configured, Re-17 TDM scheme is assumed  DCI includes “SRS resource set indicator” field and second SRI/TPMI fields.
· If the RRC parameter is set to “sDCI SDM” or “sDCI SFN”, the corresponding scheme is assumed, and UE does not expect to be configured with two coresetPoolIndex values  DCI includes “SRS resource set indicator” field and second SRI/TPMI fields.
· If the RRC parameter is set to “mDCI PUSCH+PUSCH”, UE expects to be configured with two coresetPoolIndex values  DCI does not include “SRS resource set indicator” field and second SRI/TPMI fields.

Proposal 9: When two SRS resource sets are configured, for determination of when the DCI includes the “SRS resource set indicator” field and the second SRI/TPMI fields:
· Option 1: If two coresetPoolIndex values are configured to the UE, the DCI does not include the “SRS resource set indicator” field and the second SRI/TPMI fields.
· Option 2: One RRC parameter configures one of the STxMP schemes {sDCI SDM, sDCI SFN, mDCI PUSCH+PUSCH}
· If the RRC parameter is not configured, Re-17 TDM scheme is assumed  DCI includes the “SRS resource set indicator” field and second SRI/TPMI fields.
· If the RRC parameter is set to “sDCI SDM” or “sDCI SFN”, the corresponding scheme is assumed, and UE does not expect to be configured with two coresetPoolIndex values  DCI includes the “SRS resource set indicator” field and the second SRI/TPMI fields.
· If the RRC parameter is set to “mDCI PUSCH+PUSCH”, UE expects to be configured with two coresetPoolIndex values  DCI does not include the “SRS resource set indicator” field and the second SRI/TPMI fields.
Beam management and PHR
The following was agreed in RAN1 #112-bis-e regarding group-based beam management for STxMP:
Agreement
Enhance the Rel-17 group-based beam L1-RSRP reporting to support STxMP-based transmission and down-select one in RAN1#113 meeting:
· Alt1: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and the reported pair of CRIs or SSBRIs can be received simultaneously.
· Alt2: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously.
· Alt3: In each reported pair of CRIs or SSBRIs, UE indicates if the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and/or if the reported pair of CRIs or SSBRIs can be received simultaneously.   
· FFS: Introduce an indicator to support the above, and the number of bits and interpretation of each codepoint of the indicator

The main motivation of this enhancement is for gNB to determine whether two beams can be transmitted simultaneously by the UE (e.g., whether they can be transmitted from different UE panels). Note that due to MPE or other factors (such as possibility of using a subset of panels for DL reception only), two beam that can be received simultaneously and two beams that can be transmitted simultaneously may not be exactly the same. Hence, it is possible that some beam pairs can be only received simultaneously, some other beam pairs can be only transmitted simultaneously, and yet another set of beam pairs can be both received simultaneously and transmitted simultaneously. 
Alt1 puts an artificial restriction that each reported beam pair can be both received simultaneously and transmitted simultaneously. There may not be such a beam pair considering the factors discussed above (MPE and the possible implementation that some panels may not be for both transmission and reception). Alt2 results in redundant configuration as well as redundant CSI reporting given that separate group-based beam reporting should be configured (for DL and UL). Furthermore, we are not sure why L1-RSRP reporting should be used for Alt2 given that if the purpose in only to report the beam pairs that can be received simultaneously, there is no need to report the RSRP value, which is related to DL.
Alt3 can address the issues above and unifies Alt1 and Alt2. That is, using a same CSI-ReportConfig configuration and in the same CSI report, UE can indicate up to three types of beam pairs: Beam pairs that can be only received simultaneously, beam pairs that can be only transmitted simultaneously, and beam pairs that can be both received simultaneously and transmitted simultaneously. This is not only more efficient, but also allows the UE to make such determination for each reported beam pair. 
Proposal 10: For enhanced group-based beam L1-RSRP reporting, support Alt3.
· In each reported pair of CRIs or SSBRIs, UE indicates if the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and/or if the reported pair of CRIs or SSBRIs can be received simultaneously.
· An indicator with 2 bits is included for each reported pair of CRIs or SSBRIs to indicate one of three possibilities {Rx only, Tx only, both Rx and Tx}.

Enhanced MPE report is specified in Rel-17, where UE can additionally report N P-MPR values associated with N UL beams (N=1, 2, 3, 4), and for each of the N P-MPR values, UE also reports corresponding SSBRI/CRI selected from a RRC configured candidate SSB/CSI-RS resource pool (“mpe-ResourcePool-r17”). For Rel-18, it is reasonable to configure two MPE resource pools associated with the two SRS resource sets. This ensures that UE reports MPE values (and corresponding SSBIR / CRI) from both MPE resource pools. Furthermore, UE may consider if a reported beam pair corresponds to different UE panels (i.e., can be transmitted simultaneously) as part of criteria for reporting. 
Proposal 11: For enhanced MPE reporting for STxMP in Rel-18, support configuration of two MPE resource pools associated with the two SRS resource sets. 
In the case of single-DCI based multi-TRP, joint PHR triggering and reporting similar to Rel-17 TDM mTRP PUSCH repetitions should be considered with the simplification that in the case of SDM/SFN, either both PHR values are actual PHR or both PHR values are virtual PHR due to the fact that two beams are transmitted simultaneously. 
Proposal 12: For single-DCI based SDM/SFN schemes, support joint PHR triggering and reporting similar to Rel-17 TDM mTRP PUSCH repetitions, with the simplification that for SDM/SFN PUSCH the two reported PHR values are either both actual or both virtual.

Furthermore, for multi-DCI based STxMP PUSCH, it should be discussed whether PHR triggering and reporting is joint or is separate per TRP, which can depend backhaul conditions for multi-DCI based multi-TRP operation. In the case of ideal backhaul, joint PHR triggering and reporting similar to UL-CA should be considered. In the case of non-ideal backhaul, separate PHR triggering and reporting can be considered.
Proposal 13: Study PHR triggering and reporting for multi-DCI based STxMP PUSCH:
· Joint PHR triggering and reporting (similar to UL-CA) should be considered for ideal backhaul case.
· Separate PHR triggering and reporting can be considered for non-ideal backhaul case.

Conclusion 
In this contribution, we have the following observations / proposals:
Observation 1: For the UE implementation of shared digital ports:
· Simultaneous SRS transmission from two panels is not possible / applicable.
· The need for inter-set guard period for SRS should be first justified given that Rel-17 mTRP TDM PUSCH repetition is similar, and it does not have such guard period.
· For NCB-based PUSCH, additional specification support is not required as separate configuration of max rank can already address the issue.
· For multi-DCI based STxMP PUSCH+PUSCH, it is network responsibility to ensure that UE capability is not exceeded. The details of UE capability signaling can be discussed in UE feature session. 

 Proposal 1: To enable that the maximal total number of used PUSCH antenna ports for the STxMP SDM/SFN and sTRP is the same, support:
· First preference (Alt 3): The TPMI indicated for STxMP SDM/SFN transmission corresponds to a fixed subset of the SRS ports. The fixed subset is
· Port 0 for 2-port SRS
· Ports {0,2} for 4-port SRS
· Second preference (Alt 1):
· If maxRank = 1 for SDM/SFN schemes, and the legacy codebook subset (for sTRP) is configured as “fullyAndPartialAndNonCoherent”: 
· For 4-port SRS: Only TPMIs associated with “partialAndNonCoherent” can be indicated. 
· For 2-port SRS: Only TPMIs associated with “nonCoherent” can be indicated
· If maxRank = 2 for SDM/SFN schemes, and the legacy codebook subset (for sTRP) is configured as “partialAndNonCoherent” or “fullyAndPartialAndNonCoherent”
· In addition to the TPMIs associated with “nonCoherent” for 1-layer or 2-layers, only TPMIs associated with “partialAndNonCoherent” for 1-layer can be indicated.

Proposal 2: For single-DCI based STxMP SDM or SFN schemes:
· For codepoints 00 and 01 of the “SRS resource set indicator”, support 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.
· If the number of information bits in DCI scheduling sTRP PUSCH prior to padding is not equal to the number of information bits in DCI scheduling SDM PUSCH, zeros shall be appended to the DCI with smaller size until the payload size is the same for both.
· The codepoint 11 is reserved.

Proposal 3: Max number of PTRS ports is separately configured for SDM scheme (separate than the legacy maxNrofPorts).

Proposal 4: When SDM scheme is indicated by the DCI, the size of the PTRS-DMRS association field is determined based on the configuration of new max rank for SDM scheme.
· DCI size is aligned between sTRP and SDM scheduling. 

Proposal 5: Support to introduce an RRC-parameter under “PUCCH-Config” IE that enables SFN scheme for PUCCH. When a PUCCH resource is configured to apply both indicated TCI states (based on the agreement in AI 9.1.1.1):
· If this RRC parameter under “PUCCH-Config” IE is not configured: Rel-17 TDM PUCCH scheme is assumed
· If this RRC param under “PUCCH-Config” IE is configured: SFN PUCCH scheme is assumed.
· If the PUCCH transmission is over multiple repetitions, each repetition is transmitted in SFN manner.

Proposal 6: For multi-DCI based STxMP PUSCH+PUSCH transmission, when srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2 are both configured
· The rule “the SRS resource set with lower ID is associated with coresetPoolIndex value 0, and the SRS resource set with higher ID is associated with coresetPoolIndex value 1” is applied separately to srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2.

Proposal 7: For CG-PUSCH + DG-PUSCH in multi-DCI based STxMP PUSCH+PUSCH transmission, the following procedures for CG/DG overlap are performed separately for the two coresetPoolIndex values:
· Procedure 1: Rel-15 behaviour (if prioHighDG-LowCG or prioLowDG-HighCG are not configured, or if both CG and DG have the same PHY layer priority index)
· Procedure 2: Rel-17 behaviour for high priority DG versus low priority CG (if prioHighDG-LowCG is configured)
· Procedure 3: Rel-17 behaviour for high priority CG versus low priority DG (if prioLowDG-HighCG is configured)

Proposal 8: For UCI multiplexing in the case of multi-DCI based STxMP PUSCH+PUSCH
· First preference (Option 1): The UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. 
· PUSCH associated with the same TRP is based on coresetPoolIndex value. 
· FFS: How to determine coresetPoolIndex value associated with a UCI in case of joint feedback or in case that the UCI only includes CSI and/or SR
· Second preference (Option 3): 
· When joint HARQ-ACK feedback is configured or when the UCI does not include HARQ-ACK (when the UCI only includes CSI and/or SR), the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in the PUSCH associated with coresetPoolIndex value 0. 
· When separate HARQ-ACK feedback is configured, at least when the UCI includes HARQ-ACK, the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. 
· PUSCH associated with the same TRP is based on coresetPoolIndex value
· When separate HARQ-ACK feedback is configured and the UCI that includes HARQ-ACK is associated with a coresetPoolIndex value, the UE does not expect this UCI to only overlap with PUSCH(s) associated with a different coresetPoolIndex value.
· There is no need for a separate RRC configuration.

Proposal 9: When two SRS resource sets are configured, for determination of when the DCI includes the “SRS resource set indicator” field and the second SRI/TPMI fields:
· Option 1: If two coresetPoolIndex values are configured to the UE, the DCI does not include the “SRS resource set indicator” field and the second SRI/TPMI fields.
· Option 2: One RRC parameter configures one of the STxMP schemes {sDCI SDM, sDCI SFN, mDCI PUSCH+PUSCH}
· If the RRC parameter is not configured, Re-17 TDM scheme is assumed  DCI includes the “SRS resource set indicator” field and second SRI/TPMI fields.
· If the RRC parameter is set to “sDCI SDM” or “sDCI SFN”, the corresponding scheme is assumed, and UE does not expect to be configured with two coresetPoolIndex values  DCI includes the “SRS resource set indicator” field and the second SRI/TPMI fields.
· If the RRC parameter is set to “mDCI PUSCH+PUSCH”, UE expects to be configured with two coresetPoolIndex values  DCI does not include the “SRS resource set indicator” field and the second SRI/TPMI fields.

Proposal 10: For enhanced group-based beam L1-RSRP reporting, support Alt3.
· In each reported pair of CRIs or SSBRIs, UE indicates if the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and/or if the reported pair of CRIs or SSBRIs can be received simultaneously.
· An indicator with 2 bits is included for each reported pair of CRIs or SSBRIs to indicate one of three possibilities {Rx only, Tx only, both Rx and Tx}.

Proposal 11: For enhanced MPE reporting for STxMP in Rel-18, support configuration of two MPE resource pools associated with the two SRS resource sets. 
Proposal 12: For single-DCI based SDM/SFN schemes, support joint PHR triggering and reporting similar to Rel-17 TDM mTRP PUSCH repetitions, with the simplification that for SDM/SFN PUSCH the two reported PHR values are either both actual or both virtual.

Proposal 13: Study PHR triggering and reporting for multi-DCI based STxMP PUSCH:
· Joint PHR triggering and reporting (similar to UL-CA) should be considered for ideal backhaul case.
· Separate PHR triggering and reporting can be considered for non-ideal backhaul case.
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