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Introduction
The Rel-18 WID on MIMO evolution for downlink and uplink is approved [1], which includes the following objective:
	Objective 7:
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
· 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.



[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In Rel-17 UL mTRP enhancements, the focus was on TDM-based transmission because only one panel is capable to transmit at one point of time. For non-handheld equipment like CPE/FWA/vehicle/Industrial devices, it can be assumed to equip with multiple panels and capable of simultaneous multiple panels (STxMP) transmission.  To further enhance the reliability and throughput in UL transmission, it is important to facilitate STxMP. In this contribution, we discuss the aspects related to multi-panel simultaneous transmission in mTRP operation.
STxMP in SDCI-based MTRP operation
In this section, we discuss different transmission schemes related to STxMP PUCCH and PUSCH reliability in SDCI-based mTRP operation. In particular, we present our initial views on the following aspects:
Possible transmission schemes e.g. FDM, SFN, SDM for STxMP PUSCH/PUCCH
Signalling design for STxMP in SDCI-based MTRP operation
Other relevant issues for the possibly supported schemes of PUSCH
Transmission Schemes 
Multiple transmission schemes are supported in Rel-16 SDCI-based mTRP PDSCH transmission, e.g. SDM, FDM based schemes. In Rel-17 HST, SFN based transmission scheme was introduced for reliability. Whether these schemes are applicable for PUSCH or PUCCH transmission can be further studied.
SDM: Spatial domain multiplexing 
As shown in Figure 1 a) which shows SDM scheme, different layers based on single RV rate matching are transmitted towards two TRPs from two panels respectively. Despite the benefits of combating blockage while improving the reliability and throughput, the efficiency of resource utilization is also improved in this scheme due to the same time and frequency resource used for the TB. For correctly demodulating different layers transmitted on two panels, two CDM groups of DMRS ports are required for two panels transmission.  
FDM: Frequency domain multiplexing
The main difference from SDM is the time-frequency resources assigned for different TRPs are frequency domain multiplexed as shown in Figure 1 b). Due to the non-overlapping time-frequency resources, there will be no inter-layer interference. But the resource utilization efficiency of the FDM is lower than SDM. Both FDM-A with one RV mapped to the whole allocated resource and FDM-B with two separate RVs mapped to two parts of resources separately can be considered. Only consecutive frequency domain resource allocation is permitted in UL transmission using both CP-s-OFDM and DFT-s-OFDM waveforms. So, frequency domain resource allocation for two Panels/TRPs should be clarified for FDM-A and FDM-B schemes if supported. 
SFN: Single-frequency network 
Regarding SFN, a single RV is multiplexed in the spatial domain. Exploiting spatial diversity with the TB repetitions transmitted from different panels, reliability can be improved. In addition, due to the same time and frequency resource is used for the TB repetition, spectrum efficiency is also improved.
 



Examples of transmission schemes in UL 
Based on the above-mentioned benefits and properties of these three schemes, we propose that SDM/FDM/SFN can be considered for SDCI-based mTRP PUSCH STxMP using CP-s-OFDM waveform while FDM/SFN can be considered for SDCI-based mTRP PUSCH STxMP using DFT-s-OFDM waveform, and only single-layer transmission is supported for PUSCH using DFT-s-OFDM waveform. 
For CP-s-OFDM waveform, SDM/FDM/SFN can be considered for SDCI-based mTRP PUSCH STxMP.
For DFT-s-OFDM waveform, FDM/SFN can be considered for SDCI-based mTRP PUSCH STxMP.
SDM is not feasible for PUCCH because only single port or single layer transmission is permitted. SFN with the same UCI bits multiplexed in the spatial domain can be considered for all PUCCH formats for simultaneous transmission with minor spec impact. As for FDM-A, rate matching is performed on the whole allocated resource, which means the sequence of PUCCH format 0/1/4 will be divided into two parts transmitting to two TRP. The inter-UE orthogonality cannot be guaranteed. Therefore, FDM-A is not suitable for PUCCH resources configured with PUCCH format 0/1/4. What’s more, FDM-B cannot be directly supported for PUCCH format 0/1/4 either. PRB allocated for PUCCH format 0/1/4 cannot be further partitioned into two parts for transmission of the whole sequence except for doubling the occupied PRBs for PUCCH resources. Based on the above analysis, we propose that SFN-based transmission is prioritized for all formats of PUCCH STxMP.
SFN-based transmission is prioritized for all formats of PUCCH STxMP.
Among SDM/FDM/SFN schemes, only SDM is feasible for two codeword transmissions. The intention to introduce two CWs derives from the fact that the channels of each panel vary significantly. So, independent MCS determination based on each channel quality seems more beneficial. However, with panel-specific power control, which can compensate for the channel variation. So, the performance gain of supporting 2 CWs with separate MCS versus one CW with one MCS is unclear. Besides, maximum layers transmitted across all panels are restricted to 4. As in DL transmission, the benefit of 2 CWs scheduling is identified for transmission larger than 4.  What’s more, additional DCI overhead will be introduced to indicate MCS/RV/NDI for the second CW. Since many bits (maximum 11 bits) have been introduced for facilitating SDCI-based mTRP operation, we are not sure whether it can work well with additional 8 bits added to the DCI.    
The benefits of 2CWs should be further justified considering DCI overhead. 
Signaling design
Design principles 
Since the scenario of UL simultaneous transmission for multiple panels is restricted for mTRP operation, Rel-17 framework for SDCI-based PUSCH/PUCCH transmission can be reused as much as possible. With the indication of two SRI/TPMI/TPC/PTRS-DMRS association fields, TRP-specific transmission parameters can be indicated to the UE. Such design can be inherited to indicate transmission parameter for panels towards two TRP, 
Rel-17 framework for SDCI-based PUSCH transmission should be reused as much as possible. 
Transmission scheme indication 
The transmission schemes discussed above target different scenarios or different requirements of data transmission that do not change often. Furthermore, different DCI overhead which is not expected to change dynamically will be needed to facilitate different transmission schemes of PUSCH. So, it seems reasonable that all the possibly supported schemes should be configured by RRC.
Transmission schemes for STxMP is semi-statically configured by RRC.
With minimum spec impact, the transmission scheme for STxMP dynamically switching to TDM based transmission can be achieved by the indicated repetition number because of the same SDCI-based mTRP framework. When UE is indicated with two TCI states that associate with two panels, SDM/FDM/SFN configured by RRC is performed if the repetition number is one, otherwise TDM will be performed. The benefits of dynamically switching between STxMP scheme and TDM lie in that reliability can be guaranteed by switching to TDM scheme when there is heavy interference between two panels. 
The transmission scheme for STxMP can dynamically switch to TDM when the indicated repetition number is larger than one.
Dynamic switch between the single panel and multiple panels transmission 
To guarantee scheduling flexibility, dynamic switching between sTRP and mTRP transmission is supported in Rel-17 by the indication of SRS resource set indication field, which can be directly reused to indicate dynamic switching between the transmission of two panels and a single panel. Since only multi-panel towards mTRP and single-panel towards sTRP are considered, TRP selection is equivalent to panel selection.
Dynamic switching between the transmission of two panels and a single panel can be indicated by the SRS resource set indication field.
Precoding indication 
For the three candidate schemes for SDCI-based STxMP in mTRP operation discussed in section 2.1, precoding indication is one of the most important issues to discuss compared to other aspects. Multiple panels at UE may be capable of coherent transmission or non-coherent transmission, which depends on UE capability. For non-coherent transmission, two separate precoders designed in Rel-15 can be indicated for two panels using two TPMI fields designed in Rel-17, while for coherent transmission, one precoder across two panels should be designed. The performance gain of coherent transmission against non-coherent transmission is unclear. What’s more, introducing a new codebook has been excluded from the scope. Therefore, only non-coherent transmission is considered.   
Only non-coherent STxMP transmission is considered from the point of scope.  
For SDM scheme, two SRI/TPMI fields can be further refined by the restricted rank combination of two panels which states maximum of 4 layers across two panels is permitted. For instance, the rank combination indicated by two SRI/TPMI fields should be {1+1, 1+2, 2+1, 2+2} because the number of DMRS ports derived from two CDM groups is {1+1, 1+2, 2+1, 2+2} based on current DMRS port indication. To support dynamic switching between the single panel and multiple panel transmission, rank combination of {1+0, 2+0, 3+0, 4+0} should be considered. Based on the above consideration, the field size of the first SRI/TPMI field is determined by max rank configuration considering the case of dynamically switching to single-panel/TRP transmission, while the second SRI/TPMI field can be further refined that the bit width can be determined by max rank 2.
For FDM/SFN schemes, two precoders with the same transmission rank should be indicated, which is the same as Rel-17 SDCI-based mTRP. So, SRI/TPMI fields designed in Rel-17 can be reused directly.
Precoding indication designed in Rel-17 can be reused with necessary refinement for SDCI-based STxMP.
Other issues to be discussed  
Issue 1: DMRS port indication for SDM/FDM/SFN schemes
To mitigate interference between 2 channels and guarantee demodulation performance of PUSCH towards two TRPs, DMRS ports derived from two CDM groups are required for two panels in the SDM scheme. How to indicate two CDM groups of DMRS ports should be further discussed. For FDM/SFN schemes, same layers for two panels/TRPs are required. As a result, DMRS ports should be shared by PUSCH towards two TRPs.   
Further study DMRS ports indication for SDM/FDM/SFN schemes. 
Issue 2: Whether to enhance PTRS transmission 
In the current specification, a maximum of 2 PTRS ports can be configured for PUSCH transmission based on non-coherent/partial-coherent codebook or non-codebook transmission to track phase noise from different groups of antennas or SRS ports. With two panels simultaneous transmission, whether PTRS ports should be further increased to guarantee that maximum of two PTRS ports per panel should be further discussed. Increasing PTRS ports will undoubtedly lead to much work as well as overhead. Whether maximum of 2 PTRS ports is enough for two panels can be studied by properly designing the association between PTRS ports and DMRS ports from two panels as a start point.  
Consider 2 PTRS ports for two panels as starting point.
In SDM, antenna ports within one panel share one PTRS port. The PTRS-DMRS association should be further clarified. one of the DMRS ports from each CDM group is selected to be associated with PTRS port 0 and PTRS port 1 separately.
In FDM, the strong layer of different frequency bands for two panels may be different, so the PTRS-DMRS association should be independently indicated. PTRS-DMRS association field(s) designed in Rel-17 mTRP for TRP-specific PTRS-DMRS association indication can be reused directly. How to determine PTRS density in the frequency domain for two subsections of PRBs should be further discussed. 
In SFN, DMRS ports are transmitted in SFN mode. Strong layers of two sets of layers may be different. Coherence characteristics of the two scheduled TPMI may be also different, then PTRS transmission will be separate. Whether restrict that PTRS transmission also in SFN behavior.   
Further study PTRS-DMRS association and PTRS transmission for all possibly supported schemes.
Issue 3: CSI report on STxMP PUSCH 
In Rel-17, to improve the reliability of the CSI report, SP-CSI and A-CSI reports scheduled on PUSCH are designed to be multiplexed on the first repetition towards each TRP separately. In Rel-18, StxMP towards mTRP is introduced. Then, supporting SP-CSI and AP-CSI report multiplexing on STxMP PUSCH should be considered to improve the reliability of the CSI report.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Regarding SDM, the same time and frequency resource is used for 2 panels. Rate matching of CSI report performs per layer, so there is no other spec impact of supporting CSI report multiplexing on SDM PUSCH.
Regarding FDM, two sections of consecutive PRBs are determined to transmit using two panels. As the scheduled frequency domain resources may be an odd number, which may cause that unequally partitioned PRBs. How to determine CSI report rate matching in such a situation should be further discussed.
Similar to SDM, there is also no other spec impact of supporting CSI report multiplexing on SFN PUSCH.
Support CSI report on PUSCH using SDM/FDM/SFN scheme with minimum spec impact. 
STxMP in MDCI-based MTRP operation
In Rel-16 MDCI-based mTRP transmission which targets improving throughput, both ideal backhaul and non-ideal backhaul between two TRPs are considered. To guarantee demodulation of overlapped PDSCH scheduled by two DCI from two TRPs, following restrictions for fully/partially overlapped PDSCHs are introduced at least for non-ideal backhaul scenarios. 
Same DMRS configuration: the UE is not expected to be configured with a different DMRS configuration such as actual number of front-loaded DMRS symbol(s), the actual number of additional DMRS, and the actual DMRS symbol location and DMRS configuration type
No DMRS and PDSCH collision: the UE does not expect a PDSCH scheduling intended for that UE in a given slot if that PDSCH REs collide with DMRS REs associated with another PDSCH for the same UE
One TCI state per CDM group: the UE is not expected to have more than one TCI index with DMRS ports within the same CDM group
Same active BWP and SCS: The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS
Full scheduling information per PDCCH: Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.
This section discusses overlapped PUSCHs and overlapped PUCCHs scheduled by two DCI from two TRPs transmissions based on the restriction of MDCI-based PDSCH transmission.
Overlapped PUSCHs 
For MDCI-based PUSCH simultaneous transmission, the following aspects should be considered:
Relaxation on the scheduling constraints in the current spec
Conditions required for simultaneous transmission
Relaxation on the scheduling constraints  
[bookmark: _GoBack]Subjective to UE capability, UE does not expect to be scheduled with any two PUSCHs overlapping in time on a serving cell in Rel-15, and only one PUSCH with higher priority is selected to transmit when UE is scheduled with overlapped PUSCH in Rel-16. Now that multiple panels simultaneous transmission is capable. Time-domain overlapped PUSCHs scheduled by two DCIs from two TRPs should be allowed to further improve the throughput of UL data transmission. As shown in Figure 2, for STxMP, three scheduling patterns overlapping in the time domain can be considered with non-overlapped, partially-overlapped, and fully overlapped in frequency domain.
Time-domain overlapped PUSCHs scheduled by two DCIs from two TRPs should be allowed.


[bookmark: _Ref101250311]Examples of PUXCHs scheduling by two DCI from two TRPs
In the current spec, when multiple CGs are configured for UE, only one CG can be selected for UL transmission. For UEs capable of STxMP, two CGs associated with two panels can be selected for simultaneous transmission.  Besides, DG-PUSCH can be scheduled overlapping with a CG-PUSCH as shown in Figure 3, and the STxMP UE transmits both. 


[bookmark: _Ref101518030]Example of CG+DG PUSCH
Two overlapping CGs associated with two TRP and one CG PUSCH overlapping with DG-PUSCH associated with two TRPs can be considered for STxMP.
Conditions required for simultaneous transmission
[bookmark: OLE_LINK3]To guarantee performance gain, for STxMP UEs, the following conditions should be further discussed:
Overlapping DG-PUSCHs/CG-PUSCHs/DG-PUSCH+CG-PUSCHs should be associated with different TRPs and different panels for simultaneous transmission are allowed only in such situations.
No DMRS and data collision: the UE does not expect a PDSCH scheduling intended for that UE in a given slot if that PDSCH REs collide with DMRS REs associated with another PDSCH for the same UE
One TCI state per CDM group: the UE is not expected to have more than one TCI index with DMRS ports within the same CDM group
The transmission layer across overlapped PUSCH should be limited in 4.
Whether the overlapped channels should be at the same or different priority levels.
Further study the conditions required for simultaneous transmission for the overlapped DG-PUSCHs/CG-PUSCHs/DG-PUSCH+CG-PUSCH.
Overlapped PUCCHs 
For PUCCH transmission towards two TRPs, the same or different formats may be considered for transmission. For flexible scheduling, all PUCCH formats should be considered for STxMP with unified design. Different PUCCH formats have distinct DM-RS patterns, considering simultaneous transmission of different formats having DMRS patterns will lead to non-overlapped DMRS, frequency-domain non-overlapped PUCCHs associated with two TRPs can be considered for STxMP firstly.
Frequency-domain non-overlapped PUCCHs associated with two TRPs can be considered for STxMP first, which simplifies design for simultaneous transmission of different formats considering requirement for non-overlapped DMRS. 
Dynamic indication of simultaneous transmission 
[bookmark: OLE_LINK6]Considering interference between two panels is time-varying because dynamically indicated beams for two panels may interact with each other. Besides, the transmission power of two panels may be different, which will cause PUSCH transmitted from the panel with lower power to be overwhelmed by PUSCH transmitted from the panel with a higher power if both PUSCHs are received by the TRP. For example, as shown in Figure 4 panel 1 transmits SRS1 and panel2 transmits SRS2, if the received power of SRS1is comparable to that of SRS2, which means the interference from panel 1 is significant for the reception of UL transmission from panel 2. Simultaneous transmission from 2 panels may not be beneficial in this circumstance. Two PUSCHs can be scheduled non-lapping by two TRPs if two TRPs are ideal-backhaul. However, for a non-ideal backhaul case, two TRPs do not have knowledge of whether the scheduled PUSCHs are overlapped unless it is pre-coordinated, which is not flexible. Therefore, dynamic indication of whether simultaneous transmission for the overlapped PUSCHs or PUCCHs should be supported.


[bookmark: _Ref101791610]An example of interference measurement 
Support to dynamically switch between single panel transmission and STxMP transmission for PUSCHs or PUCCHs.
UCI multiplexing rule 
In Rel-15 and Rel-16, the multiplexing rule based on the priority of UCI or physical channel is defined. In Rel-17, this rule is reused for UL SDCI-based and MDCI-based mTRP without any enhancement.  However, for STxMP, two overlapped PUSCHs or two overlapped PUCCHs can be simultaneously transmitted towards two TRPs. How to multiplex the UCI on the overlapped PUSCHs or PUCCHs as shown in figure 5 should be further discussed. One direct solution is to reuse legacy rules for each TRP. Since simultaneous transmission of a PUCCH and a PUSCH is not part of the WID, how to handle the overlapped PUCCH and PUSCH for TRP-specific UCI multiplexing should be further studied.      


PUXCH scheduling cases
TRP/panel-specific UCI multiplexing can be considered.
Further study on how to handle the overlapped PUCCH and PUSCH for TRP-specific UCI multiplexing. 
Beam indication for STxMP 
SRS resource set configuration
In Rel-17, two SRS resource sets are configured for two TRPs with usage set to codebook or non-codebook for mTRP PUSCH transmission. For SDCI-based STxMP for PUSCH, similarly, two SRS resource sets should be configured to achieve panel-specific channel measurement and precoder selection.
In Rel-16, MDCI-based mTRP PUSCH transmission, one SRS resource set is shared for PUSCH transmission scheduled by two TRPs, which is barely able to work because of the TDM scheduling. Spatial relation info or PL-RS for the SRS resources configured in the SRS resource set can be updated by MAC CE or RRC re-configuration to fit the transmission towards each TRP. However, for MDCI-based STxMP, overlapped PUSCH scheduled by two DCI are simultaneously transmitted, which requires exclusive SRS resource(s) for codebook-based and non-codebook-based transmission respectively. More specifically, each TRP should maintain UL channels state information persistently for STxMP scheduling at any time. Hence, two SRS resource sets should be configured. 
Support to configure 2 SRS resource sets for STxMP in both SDCI-based and MDCI-based mTRP operation.
Beam indication
Extension of Rel-17 unified TCI framework for indication of multiple UL TCI states focusing on mTRP use case will be discussed in Rel-18[1]. From our perspective, two UL common TCI states indicated for SDCI-based UL mTRP transmission are applicable for STxMP given the UE supports the capability. Detailed consideration and design on beam report supporting STxMP and beam indication can be found in companion contribution [2].
TCI states indication designed for SDCI-based mTRP is also applicable for 2 panels simultaneous transmission towards 2 TRPs.
Beam indication designed with the objective of unified TCI extension for mTRP transmission also can be directly used for STxMP in MDCI-based mTRP if the indicated TCI states are reported associated with two panels.  To indicate the common TCI state for each TRP/panel separately, CoresetPoolIndex can be used to achieve the association between the indicated TCI state and the scheduled channels. More details can be referred to in our contribution [2].    
CoresetPoolIndex can be used to achieve the association between the indicated TCI state and the scheduled channels.
If two SRS resource sets configured for codebook-based or non-codebook-based transmission are sharing common beam, two unified TCI states indicated for SDCI-based or MDCI-based mTRP PUSCH transmission can be applied to two SRS resource sets respectively. 
Two unified TCI states indicated for mTRP transmission are applied for two SRS resource sets respectively.
Power control for STxMP 
In Rel-17 UL SDCI-based mTRP, to achieve TRP-specific open-loop power control, two sets of power control parameters including P0/alpha/PL-RS/closed-loop-index are indicated by two SRI fields for mTRP PUSCH repetition. And, two spatial relation Infos or power control parameter sets containing P0/PL-RS/closed-loop-index are activated for one PUCCH resource. TRP-specific closed-loop power control is also supported for both PUSCH and PUCCH by two TPC fields for two closed-loop indices. To report the power headroom for PUSCH transmission towards each TRP to assist TRP-specific power control, TRP-specific PHR reporting is supported. In the Rel-17 unified TCI framework, power control parameter setting including P0/alpha/closed-loop-index for UL channels or signals are associated with the common TCI state. Common PL-RS for UL transmission is also associated with or derived from the common TCI state.
Based on the TRP-specific power control design and the power control parameter determination in the unified TCI framework, panel-specific power control can be facilitated. From our perspective, the following aspects should be considered for both SDCI-based and MDCI-based STxMP:
Panel-specific open-loop and closed-loop power control 
Power limit for multi-panel PUSCH transmission
Panel-specific PHR reporting 
Panel/TRP-specific open-loop and closed-loop power control
Since we focus on multi-panel transmission towards mTRP, two sets of power control parameter settings and two PL-RSs can be acquired by two indicated TCI states as we illustrate in [2], and separate open-loop power control can be achieved. Regarding closed loop-power control, two TPC fields are designed for two closed-loop indices respectively in Rel-17 UL mTRP, which can be inherited to StxMP.
Panel-specific open-loop power control can be achieved by two PC settings associated with two indicated TCI states, while panel-specific closed-loop power control can inherit the design in Rel-17.
[bookmark: _Hlk102160127]Panel-specific power limit
[bookmark: _Hlk102134734]Power calculation should be further discussed to make it compatible with STxMP in SDCI-based mTRP operation. Current power is calculated based on one transmission occasion corresponding to only one panel utilizing the following formula. For transmission occasion i, specific P0/alpha, Pathloss measured by PL-RS, and closed-loop power adjustment are involved to calculate transmission power. According to UE power class, the transmission power is limited by PCMAX, f,c(i)  which is the configured UE maximum output power for carrier f of a serving cell c. 
[image: ] [dBm]
Regarding STxMP, panel-specific power can be calculated by the panel-specific P0/alpha, Pathloss, and closed-loop power adjustment. However, the power limit for each panel utilized to determine the actual transmission power is unclear. The following two alternatives can be considered for discussion.
Alt1: Sum of transmission power across all panels should be limited by PCMAX,f,c(i)  
Alt2: Introduce panel-specific power limit
Alt1 may not be reasonable. As described in [3], PCMAX,f,c(i) is required that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds,
PPowerclass – MAX(MAX(MPRf,c, A- MPRf,c,) + ΔMBP,n, P-MPRf,c) – MAX{T(MAX(MPRf,c, A- MPRf,c,)), T(P-MPRf,c)} ≤ PUMAX,f,c ≤ EIRPmax
The PUMAX,f,c is measured based on a specific direction, and both the lower bound and upper bound are defined based on a specific direction. The requirement may vary a lot in different directions. Therefore, it is not reasonable to restrict maximum transmission power across two panels to fulfill the requirement measured based on one direction. Furthermore, UE still needs to split and map this “total power limit” to different panels which seems quite redundant. Furthermore, Alt 1 is unfriendly for panel-specific power control because the transmission power of one panel is constrained by the other panel. 
Alt 2 is more practical. Generally, in actual implementation, the power control module can be deployed inside a panel, which means that independent power control for different panels is achievable. Due to separate PA architecture and RF chain for different panels, the maximum transmission power for each panel can be independently configured for UE. To improve the power efficiency of both panels in simultaneous transmission, it is reasonable to introduce a panel-specific power limit.  
 Panel-specific power limits should be introduced for panel-specific power control.
This issue of panel-specific power limitation is related to RAN4; hence LS should be sent to RAN4 asking for their input on a panel-specific power limitation. For panel-specific power limitation, the definition of PCMAX, f,c  and related PUMAX,f,c may need to be refined in RAN4, a possible way may be to define panel-specific or in other words beam-specific PCMAX, f,c.  
Send LS to RAN4 to ask whether panel-specific power limits are feasible.
PHR report for SDCI-based and MDCI-based STxMP
Panel-specific PHR should be reported to assist gNB in controlling transmission power for each panel in SDCI-based mTRP operation. To achieve this, the design in Rel-17 TRP-specific PHR reporting can be considered as a baseline. In Rel-17 SDCI-based mTRP, when PHR MAC-CE is reported in slot n, for a CC that is configured with mTRP PUSCH repetition, the second PHR value is determined as follows: 
If the first PHR value is actual PHR (based on Rel. 15/16) corresponding to a repetition among mTRP PUSCH repetitions associated with a given TRP, the second PHR value 
 is actual only when a repetition associated with the other TRP is transmitted in slot n. Otherwise, it is virtual.
If the first PHR value is actual PHR (based on Rel. 15/16) but not corresponding to a repetition among mTRP PUSCH repetitions (corresponds to sTRP PUSCH), a second PHR value is reported as virtual PHR.
If the first PHR value is virtual, a second PHR value is reported as virtual PHR.

For panel-specific PHR reporting for STxMP, where transmission from panels occur in the same slot, two PHRs can be determined as follows:
If the first PHR value is the actual PHR corresponding to a panel for STxMP, the second PHR is actual PHR. 
If the first PHR value is actual PHR corresponding to a panel for single panel transmission, a second PHR value is reported as virtual PHR.
If the first PHR value is virtual, a second PHR value is reported as virtual PHR.
TRP-specific PHR reporting designed in Rel-17 SDCI-based mTRP should be reused for panel-specific PHR reporting as much as possible. 
For MDCI-based mTRP/STxMP, as shown in Figure 6, when PUSCHs scheduled by two DCIs corresponding to two different CoresetPoolIndex are non-overlapping with each other, the first PUSCH will be the transmission occasion for calculating and reporting PHR based on the description in current specification. However, for the overlapped PUSCHs simultaneously transmit from two panels, how UE reports and calculates PHR is unclear. Panel-specific PHR reporting for both non-overlapped and overlapped PUSCHs simplifies power control for each panel. For instance, gNB can make a better decision on whether to schedule two PUSCHs for STxMP based on the reported two PHRs. Therefore, we propose to further study panel-specific PHR reporting for the PUSCHs scheduled by two DCIs.


[bookmark: _Ref101704942]PHR reporting in mTRP operation
Further study panel-specific PHR reporting for the PUSCHs scheduled by two DCIs. 

Conclusions 
In this contribution, we have the following proposals: 
1. 
1.1. 
1. For CP-s-OFDM waveform, SDM/FDM/SFN can be considered for SDCI-based mTRP PUSCH STxMP.
For DFT-s-OFDM waveform, FDM/SFN can be considered for SDCI-based mTRP PUSCH STxMP.
SFN-based transmission is prioritized for all formats of PUCCH STxMP.
The benefits of 2CWs should be further justified considering DCI overhead. 
Rel-17 framework for SDCI-based PUSCH transmission should be reused as much as possible. 
Transmission schemes for STxMP is semi-statically configured by RRC.
The transmission scheme for STxMP can dynamically switch to TDM when the indicated repetition number is larger than one.
Dynamic switching between the transmission of two panels and a single panel can be indicated by the SRS resource set indication field.
Only non-coherent STxMP transmission is considered from the point of scope.  
Precoding indication designed in Rel-17 can be reused with necessary refinement for SDCI-based STxMP.
Further study DMRS ports indication for SDM/FDM/SFN schemes. 
Consider 2 PTRS ports for two panels as starting point.
Further study PTRS-DMRS association and PTRS transmission for all possibly supported schemes.
Support CSI report on PUSCH using SDM/FDM/SFN scheme with minimum spec impact. 
Time-domain overlapped PUSCHs scheduled by two DCIs from two TRPs should be allowed.
Two overlapping CGs associated with two TRP and one CG PUSCH overlapping with DG-PUSCH associated with two TRPs can be considered for STxMP.
Further study the conditions required for simultaneous transmission for the overlapped DG-PUSCHs/CG-PUSCHs/DG-PUSCH+CG-PUSCH.
Frequency-domain non-overlapped PUCCHs associated with two TRPs can be considered for STxMP first, which simplifies design for simultaneous transmission of different formats considering requirement for non-overlapped DMRS. 
Support to dynamically switch between single panel transmission and STxMP transmission for PUSCHs or PUCCHs.
TRP/panel-specific UCI multiplexing can be considered.
Further study on how to handle the overlapped PUCCH and PUSCH for TRP-specific UCI multiplexing. 
Support to configure 2 SRS resource sets for STxMP in both SDCI-based and MDCI-based mTRP operation.
TCI states indication designed for SDCI-based mTRP is also applicable for 2 panels simultaneous transmission towards 2 TRPs.
CoresetPoolIndex can be used to achieve the association between the indicated TCI state and the scheduled channels.
Two unified TCI states indicated for mTRP transmission are applied for two SRS resource sets respectively.
Panel-specific open-loop power control can be achieved by two PC settings associated with two indicated TCI states, while panel-specific closed-loop power control can inherit the design in Rel-17.
Panel-specific power limits should be introduced for panel-specific power control.
Send LS to RAN4 to ask whether panel-specific power limits are feasible.
TRP-specific PHR reporting designed in Rel-17 SDCI-based mTRP should be reused for panel-specific PHR reporting as much as possible. 
Further study panel-specific PHR reporting for the PUSCHs scheduled by two DCIs.
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