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Introduction
In 3GPP RAN #94, a new work item on further enhancement of MIMO was approved [1], which includes objective of enhancement for supporting simultaneous multi-panel transmission:
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.

In this contribution, we further discuss the issues related to single DCI or multi-DCI based simultaneous multi-panel PUSCH transmission. 
Single DCI based multi-TRP system
Based on the previous discussions, we will share further considerations for STxMP PUSCH in single DCI based multi-TRP system in this section.
2.1 SDM scheme
2.1.1 Maximal number of transmission layers
At RAN1#112 meeting, a working assumption is achieved for STxMP PUSCH in single-DCI based multi-TRP system [2]:

	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




At RAN1#112 meeting, two possible implementations are discussed, including: case1) the digital port(s) are shared between panels and case2) the digital port(s) are separated between panels. In RAN1#112bis meeting, there is no consensus on whether to support case1) and how to support case1). During discussion, the following alternatives had majority support:
· Alt1: The gNB configures separate codebook subsets for sTRP and STxMP SDM/SFN transmission. 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/SFN transmission) 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.
With respect to Alt 3, how the TPMI is mapped to the antenna ports (which port(s)) needs further specification, e.g. fixed mapping or pre-defined mapping. More discussion and efforts are needed.
Regarding Alt2, if the total number of digital port(s) is n ports:
· [bookmark: OLE_LINK16]For sTRP transmission, the UE shall transmit PUSCH using the n ports as the SRS ports in the SRS resource associated with first SRS resource set or second SRS resource set.
· For SDM scheme, the UE shall transmit PUSCH using the n/2 port(s) as the SRS port(s) in the SRS resource associated with first SRS resource set and n/2 port(s) as the SRS port(s) in the SRS resource associated with second SRS resource set.
· Therefore, the first and second SRS resource sets should include SRS resources with the number of SRS ports applying to sTRP transmission and SDM scheme, e.g. the first and the second SRS resource sets should include SRS resource with n ports and n/2 port(s).
· Alt2 has small impact of specification, but this method could increase the SRS overhead.
Regarding Alt1, the codebook subsets for sTRP is same as the one used for legacy PUSCH transmission. The codebook subsets for STxMP PUSCH is to use non/partial-coherent TPMIs only. UE coherent capability can be different for STxMP PUSCH and sTRP transmission. For example, UE can use only TPMI indexes 0-5 in Table 6.3.1.5-5 for transmission of 2 layers per panel, and UE can use only TPMI indexes 0-15 in Table 6.3.1.5-3 for transmission of single layer per panel. Alt1 requires to introduce a UE capability to report UE coherent capability for STxMP PUSCH. 
Alt1 and Alt2 have relatively small specification impact. Considering Alt2 could increase the SRS overhead, we propose to support Alt1.
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 Alt1: The gNB configures separate codebook subsets for sTRP transmission and STxMP SDM/SFN scheme. FFS: related UE capability reporting, e.g. introduce a UE capability to report UE coherent capability for STxMP PUSCH. 

Another issue is how to enable either shared digital port(s) or separate digital port(s). In legacy sTRP transmission, the maximal number of layers that the UE supports on the corresponding carrier is reported by maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for codebook transmission and non-codebook transmission, respectively. In Rel-17, UE could provide panel information to gNB by reporting capability value set which contains the maximum supported number of SRS antenna port(s) via UE capability reporting. Shared digital port(s) or separate digital port(s) between panels can be implicitly determined based on maximal number of layers per panel that UE supports. One example is as following:
· If the maximal number of layers that UE supports for sTRP transmission is same as maximal number of layers that UE supports for one panel, digital port(s) are not shared between panels.
· If the maximal number of layers that UE supports for sTRP transmission is different from maximal number of layers that UE supports for one panel, digital port(s) are shared between panels.
Due to there was no consensus to support asymmetric panel capability in the previous RAN1 meeting, the legacy parameter maxRank/Lmax is sufficient to configure the maximal number of layers for sTRP transmission, and one additional maximal number of layers for SDM scheme, which is different from legacy maxRank/Lmax will be configured and applied to both the first SRS resource set and the second SRS resource set. Furthermore, the maximal number of layers is up to four layers for sTRP transmission, and up to two layers for SDM scheme. Separate configurations of maxRank/Lmax for SDM scheme and sTRP transmission are needed. Therefore, we propose to confirm the working assumption.
Proposal 2: For the maximal number of layers, confirm the working assumption for dynamic switching between STxMP SDM scheme and sTRP transmission.
· 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)

2.1.2 DCI design
At RAN1#112bis meeting [3], one further agreement is achieved for the DCI design of SDM scheme in single-DCI based multi-TRP system:
	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.




Depending on the maximal number of layers for sTRP transmission and SDM scheme, different interpretations of codepoints ‘00’ and ‘01’ would result in different total number of bits of first and second TPMI/SRI fields. Moreover, different interpretations of codepoints ‘00’ and ‘01’ also result in different methods for DCI size alignment.
To explain the differences among the three alternatives in the agreement, some examples based on different configurations in current TS 38.212 are summarized in Table 1 and Table 2. 
Table 1 The sizes of TPMI fields for sTRP and SDM scheme when transform precoder is disabled, ul-FullPowerTransmission = fullpowerMode1
	SRS ports
	MaxRank for sTRP
	TPMI field size required for sTRP
PartialandNon/non
	maxRank for STxMP
	Sizes of first and second TPMI fields for sTxMP
PartialandNon/non

	sTRP: 2
SDM: 2+2
	2
	-/2
	1+1
	-/2+2

	sTRP: 2
SDM: 2+2
	2
	-/2
	2+2
	-/2+2

	sTRP: 4
SDM: 2+2
	2
	5/4
	1+1
	-/2+2

	sTRP: 4
SDM: 2+2
	2
	5/4
	2+2
	-/2+2

	sTRP: 4
SDM: 2+2
	4
	6/4
	1+1

	-/2+2



Table 2 The sizes of TPMI fields for sTRP and SDM scheme when transform precoder is disabled, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower
	SRS ports
	MaxRank for sTRP
	TPMI field size required for 
sTRP
FullyPartialNon/PartialandNon/non
	maxRank for STxMP
	TPMI fields size required for STxMP
FullyPartialNon/PartialandNon/non

	sTRP: 2
SDM: 2+2
	2
	4/-/2
	1+1
	3+3/-/1+1

	sTRP: 2
SDM: 2+2
	2
	4/-/2
	2+2
	4+4/-/2+2

	sTRP: 4
SDM: 2+2
	2
	6/5/4
	1+1
	3+3/-/1+1

	sTRP: 4
SDM: 2+2
	2
	6/5/4
	2+2
	4+4/-/2+2

	sTRP: 4
SDM: 2+2
	4
	6/5/4
	1+1

	3+3/-/1+1


We can observe from the tables:
· In most cases, total number of bits of two TPMI fields for SDM scheme is equal to or larger than the required number of bits for sTRP transmission.
· In some cases, as highlight in Table 2, total number of bits of two TPMI fields for SDM scheme can be less than required number of bits for sTRP transmission.
Regarding Alt3 in the agreement, the methods to align the DCI sizes between sTRP transmission and SDM scheme would change based on the actual number of bits, which would increase the implementation complexity. When the size of the concatenated TPMI field is larger than the required number of bits for sTRP transmission, zeros should be inserted in the concatenated field. When the size of the concatenated TPMI field is not sufficient, additional bits should be appended for the precoding indication for sTRP transmission. 
For Alt2 in the agreement, the method of DCI size alignment is consistent with current specification. If the number of information bits scheduling single PUSCH transmission prior to padding is not equal to the number of information bits scheduling PUSCH(s) in SDM scheme for the same serving cell, zeros shall be appended to the DCI format with smaller size until the payload size is the same for scheduling single PUSCH transmission and PUSCH(s) in SDM/SFN scheme. 
The DCI overhead of the listed alternatives are also discussed in last meeting. For example, the DCI overhead of Alt1/Alt2/Alt3 based on ‘noncoherent’ in Table 2 are summarized as following table:
Table 3 DCI overhead comparison between different alternatives
	SRS ports
	MaxRank for sTRP
	maxRank for STxMP
	Alt1
	Alt2
	Alt3
	Overhead reduction compared with Alt1

	sTRP: 2
SDM: 2+2
	2
	1+1
	3
	2
	2
	1 bit

	sTRP: 2
SDM: 2+2
	2
	2+2
	4
	4
	4
	0 bit

	sTRP: 4
SDM: 2+2
	2
	1+1
	5
	4
	4
	1 bit

	sTRP: 4
SDM: 2+2
	2
	2+2
	6
	4
	4
	2 bits

	sTRP: 4
SDM: 2+2
	4
	1+1

	5
	4
	4
	1 bit


The number of saved bits in Alt2 and Alt3 can be up to 2 bits compared to Alt 1. Therefore, considering DCI overhead and implementation complexity, Alt2 is supported.
Table 4 Dynamic switching between sTRP transmission and SDM scheme
	Codepoint
	SRS resource set(s)
	SRI/TPMI field(s)

	00
	sTRP transmission associated with first SRS resource set (TRP1)
	First SRI/TPMI field: associates with maxRank.
Second SRI/TPMI field: absent.

	01
	sTRP transmission associated with second SRS resource set (TRP2)
	First SRI/TPMI field: associates with maxRank.
Second SRI/TPMI field: absent.

	10
	SDM scheme associated with first and second SRS resource set
	First SRI/TPMI field: associates with maxRank-SDM.
Second SRI/TPMI field: associates with maxRank-SDM.

	11
	reserved
	



Proposal 3: For codepoints of “SRS resource set indicator” field in DCI for dynamic switching between SDM scheme and sTRP transmission, 
· For codepoints ‘00’ and ‘01’, if the DCI overhead reduction is considered, Alt2 is supported. 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.
· Codepoint ‘11’ is reserved.
· If the payload size of DCI scheduling single PUSCH transmission is not equal to the payload size of DCI scheduling PUSCH(s) in SDM scheme
· Zeros shall be appended to the DCI format with smaller size until the payload size is the same for scheduling single PUSCH transmission and PUSCH(s) in SDM scheme.

2.1.4 PTRS port association
One issue is whether the maximal number of PTRS ports for SDM scheme is separately configured. In current specification, the actual number of PTRS ports depends on legacy condition, for example:
· The actual number of UL PTRS ports to be configured as one for full-coherent UL transmission.
· The actual number of UL PT-RS port(s) is determined based on TPMI(s) and/or number of layers for partial-coherent and non-coherent UL transmission.
Even if common maximal number of PTRS ports is configured for sTRP transmission and SDM scheme, actual number of PTRS ports can be still different for SDM scheme and STRP transmission depending on the coherent type and the specific scheme. Therefore, common maximal number of PTRS ports is supported for sTRP transmission and SDM scheme.
Proposal 4: The max number of PTRS ports is configured commonly for sTRP transmission and SDM scheme.

2.2 SFN scheme
2.2.1 Maximal number of transmission layers for SFN scheme
At RAN1 #112 meeting [2], a separate parameter is used to configure the maximal number of layers for SFN scheme.
	Agreement
On dynamic switching between STxMP SFN scheme and sTRP transmission:
· The legacy maxRank/Lmax is applied to sTRP transmission
· For configuration of SFN,
· Alt2: Configure a separate parameter for the maximal number of layers for STxMP SFN


One single maximal number of layers which is separate from legacy maxRank, e.g. maxRank-SFN, can be applied to the first SRS resource set and the second SRS resource set. However, the candidate values for maxRank-SFN are not decided so far. Since the main application of SFN scheme is to increase the reliability and same layers are transmitted for both panels, it is sufficient to support up to 2 layers per panel. Therefore, the candidate value for maxRank-SFN is 1 or 2.
Proposal 5: For SFN scheme, the candidate values for the maximal number of layers are 1 and 2.

2.2.2 DCI design
At RAN1#112bis meeting [3], some further agreements are achieved for the DCI design of SFN scheme in single-DCI based multi-TRP system:
	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 first 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.




Similarly, when UE is configured by RRC to operate in SFN scheme, ‘SRS resource set indicator’ field can be used to dynamically switch between SFN scheme and sTRP transmission. As discussed in section 2.1.2, the interpretation of codepoints ‘00’ and ‘01’ is same as SDM scheme. Another example is shown in Table 5 as following to support dynamic switching between SFN scheme and sTRP transmission:
Table 5 Dynamic switching between sTRP transmission and SFN scheme
	Codepoint
	SRS resource set(s)
	SRI/TPMI field(s)

	00
	sTRP transmission associated with first SRS resource set (TRP1)
	First SRI/TPMI field: associates with maxRank.
Second SRI/TPMI field: absent.

	01
	sTRP transmission associated with second SRS resource set (TRP2)
	First SRI/TPMI field: associates with maxRank.
Second SRI/TPMI field: absent.

	10
	SFN scheme associated with first and second SRS resource set
	First SRI/TPMI field: associates with maxRank-SFN.
Second SRI/TPMI field: associates with maxRank-SFN.

	11
	reserved
	


Similar with SDM transmission, if the number of information bits scheduling single PUSCH transmission prior to padding is not equal to the number of information bits scheduling PUSCH(s) in SFN scheme for the same serving cell, zeros shall be appended to the DCI format with smaller size until the payload size is the same for scheduling single PUSCH transmission and PUSCH(s) in SFN scheme. 
Proposal 6: For codepoints of “SRS resource set indicator” field in DCI for dynamic switching between SFN scheme and sTRP transmission, 
· For codepoints ‘00’ and ‘01’, 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.
· Codepoint ‘11’ is reserved.
· If the payload size of DCI scheduling single PUSCH transmission is not equal to the payload size of DCI scheduling PUSCH(s) in SFN scheme
· Zeros shall be appended to the DCI format with smaller size until the payload size is the same for scheduling single PUSCH transmission and PUSCH(s) in SFN scheme.

Multi-DCI based multi-TRP system
At RAN1#112 meeting [2], following agreements are achieved for multi-DCI based STxMP PUSCH transmission:
	Agreement
For multi-DCI based STxMP PUSCH+PUSCH, study enhancements of the UCI multiplexing rule to address the case that one PUCCH overlaps with two overlapped PUSCHs of STxMP PUSCH+PUSCH:

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.




3.1 CG-PUSCH+CG-PUSCH transmission
With regard to the configuration in the combination of CG-PUSCH + CG-PUSCH, a single CG PUSCH configuration or separate CG PUSCH configurations are discussed. CG-PUSCH + CG-PUSCH with single CG configuration is similar to S-DCI based scheduling. CG-PUSCH + CG-PUSCH with separate CG configurations is aligned with the framework of multi-DCI based scheduling. Considering separate CG configurations, precoding and number of layers and SRS resource indicator can be configured in each CG configuration. In general, we have the following proposal:
[bookmark: OLE_LINK9]Proposal 7: For CG-PUSCH + CG-PUSCH transmission, support to use separate CG PUSCH configurations to configure CG-PUSCH, e.g., each CG-PUSCH is configured by its own RRC configuration.

[bookmark: _GoBack]3.2 UCI multiplexing rule
At RAN1#112bis meeting [3], an agreement is achieved for UCI multiplexing in multi-DCI based multi-TRP system:
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.


Option 2 is not suitable for non-ideal backhaul, which is typical assumption for multi-DCI system. Option 1 can work well for both ideal backhaul and non-ideal backhaul. A unified method for UCI multiplexing based on option 1 is preferred to cover both ideal backhaul scenario and non-ideal backhaul scenario.
Regarding how to determine the PUSCH associated with the same TRP, following methods can be considered:
· Alt1: The PUCCH and the PUSCH are associated with the same coresetPoolIndex value
· Alt2: The PUCCH and the PUSCH are associated with the same joint or UL TCI state
· Alt3: The PUCCH and the PUSCH are associated with the same SRS resource set ID
In agenda 9.1.1.1, how to associate joint/UL TCI state with corresponding PUCCH transmission is discussed, and following Opt2 is agreed:
· Opt2: An RRC configuration can be provided per PUCCH resource/resource group to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the corresponding PUCCH transmission, where the first and the second indicated joint/DL TCI states correspond to the indicated joint/UL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.
Considering first or second indicated joint/UL TCI state can be configured per PUCCH resource/resource group, the UCI is multiplexed into the PUSCH with the same joint or UL TCI state (Alt2) is more appropriate than Alt 1 and Alt3. Same behavior can be applied based on option 1, when the UCI includes HARQ, or the UCI does not include HARQ.

Proposal 8: For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH.
· Support 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. 
· The PUCCH and the PUSCH are associated with the same joint or UL TCI state.
· Same behavior is applied, when the UCI includes HARQ, or does not include HARQ.

PHR report and beam reporting
· PHR report
In the case of single-DCI based STxMP PUSCH, joint PHR triggering and reporting of both TRPs similar to Rel-17 TDM PUSCH repetitions can be considered. In addition, for the cases of single-DCI and multi-DCI based STxMP PUSCH, separate PHR triggering and reporting per TRP can be discussed. TRP-specific PHR triggering is more efficient for PHR reporting without considering across TRPs. The PHR triggering condition can be configured per TRP and determined per TRP. Therefore, we prefer supporting PHR triggering and reporting per TRP for both single-DCI based and multi-DCI based STxMP.
Proposal 9: Support separate PHR triggering per TRP for both single-DCI and multi-DCI based STxMP PUSCH.

· Beam reporting
At RAN1#112bis meeting [3], an agreement is achieved for enhancement of beam reporting:
	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



Regarding beam reporting, it is essential for gNB to determine whether two beams can be transmitted simultaneously by the UE. Similar mechanism as in DL can be introduced, i.e., group-based beam reporting for UE to report beam pair(s) that can be transmitted simultaneously. Considering two beams that can be received simultaneously may not be identical with two beams that can be transmitted simultaneously, it is flexible to introduce an indicator from UE to indicate whether the reported pair of CRIs or SSBRIs can be transmitted simultaneously, and/or whether the reported pair of CRIs or SSBRIs can be received simultaneously.

Proposal 10: Enhance the Rel-17 group-based beam L1-RSRP reporting to support STxMP-based transmission.
· 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. Introduce an indicator to support the above
· FFS: the number of bits and interpretation of each codepoint of the indicator.
Conclusions
In this contribution, we discussed potential schemes simultaneous multi-panel PUSCH transmissions in single-DCI based system and in multi-DCI based system. Based on the discussion, the following proposals are made:
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 Alt1: The gNB configures separate codebook subsets for sTRP transmission and STxMP SDM/SFN scheme. FFS: related UE capability reporting, e.g. introduce a UE capability to report UE coherent capability for STxMP PUSCH. 
Proposal 2: For the maximal number of layers, confirm the working assumption for dynamic switching between STxMP SDM scheme and sTRP transmission.
· 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)
Proposal 3: For codepoints of “SRS resource set indicator” field in DCI for dynamic switching between SDM scheme and sTRP transmission, 
· For codepoints ‘00’ and ‘01’, if the DCI overhead reduction is considered, Alt2 is supported. 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.
· Codepoint ‘11’ is reserved.
· If the payload size of DCI scheduling single PUSCH transmission is not equal to the payload size of DCI scheduling PUSCH(s) in SDM scheme
· Zeros shall be appended to the DCI format with smaller size until the payload size is the same for scheduling single PUSCH transmission and PUSCH(s) in SDM scheme.
Proposal 4: The max number of PTRS ports is configured commonly for sTRP transmission and SDM scheme.
Proposal 5: For SFN scheme, the candidate values for the maximal number of layers are 1 and 2.
Proposal 6: For codepoints of “SRS resource set indicator” field in DCI for dynamic switching between SFN scheme and sTRP transmission, 
· For codepoints ‘00’ and ‘01’, 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.
· Codepoint ‘11’ is reserved.
· If the payload size of DCI scheduling single PUSCH transmission is not equal to the payload size of DCI scheduling PUSCH(s) in SFN scheme
· Zeros shall be appended to the DCI format with smaller size until the payload size is the same for scheduling single PUSCH transmission and PUSCH(s) in SFN scheme.
Proposal 7: For CG-PUSCH + CG-PUSCH transmission, support to use separate CG PUSCH configurations to configure CG-PUSCH, e.g., each CG-PUSCH is configured by its own RRC configuration.
Proposal 8: For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH.
· Support 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. 
· The PUCCH and the PUSCH are associated with the same joint or UL TCI state.
· Same behavior is applied, when the UCI includes HARQ, or does not include HARQ.
Proposal 9: Support separate PHR triggering per TRP for both single-DCI and multi-DCI based STxMP PUSCH.
Proposal 10: Enhance the Rel-17 group-based beam L1-RSRP reporting to support STxMP-based transmission.
· 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. Introduce an indicator to support the above
· FFS: the number of bits and interpretation of each codepoint of the indicator.
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