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Introduction
[bookmark: _GoBack][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Significant progress has been made in this item, in this contribution, we discuss remaining issues on simultaneous multi-panel transmission in mTRP operation.
SRS resource set configuration for sDCI based and mDCI based STxMP 
UE may be equipped with panels with different capabilities. Supporting panels with different capabilities for simultaneous transmission is more flexible and futureproof. The number of SRS resources and SRS ports of two SRS resource sets can be different to adapt to TRP-specific channel conditions and different panel capabilities.  Besides, full power mode 2 which impacts configuration of SRS resource number can also be enabled for only one panel from the perspective of power efficiency.  So, different number of SRS ports and or SRS resources can be configured for two SRS resource sets with usage set to CB and NCB for sDCI based and mDCI based STxMP.
[bookmark: _Hlk127550609]For both sDCI based and mDCI based STxMP, two SRS resource sets can have different number of SRS resources and different number of SRS ports for codebook -based or non-codebook-based transmission.
STxMP in SDCI-based mTRP operation
In this section, we discuss signaling design for SDCI-based STxMP PUSCH with SDM and SFN schemes.  
Design on SDM scheme
Precoding indication 
	Agreement
For dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission:
· Use the 2-bit “SRS resource set indicator” DCI field to dynamically indicate the sTRP or SDM transmission.
· FFS: how to interpret each codepoint of “SRS resource set indicator”.
· For the maximal number of layers for sTRP transmission, down-select:
· [bookmark: _Hlk127178000]Option1: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) in current spec
· Option2:  Configuring one additional maximal numbers of layers for sTRP transmission, in addition to maxRank in current spec.
· Down-select one from the following for maximal number of layers of SDM transmission:
· Alt1: Configure one single maximal number of layers (separate from the maximal number(s) of layers for sTRP), that is applied to the first SRS resource set and the second SRS resource set, separately.
· Alt1a: The maxRank (or Lmax) in current spec is also applied to the first SRS resource set and the second SRS resource set, separately.
· Alt2: Configure separate maximal numbers of layers for the first SRS resource set and the second SRS resource set 
· Alt3: no dedicated configuration for SDM. The maximal number(s) of layers of sTRP and the UE capability reporting for SDM are used to determine the maximal number of layers of SDM transmission.
· Alt4: The maximal number(s) of layers in above Option1/2 also applied to the first SRS resource set and the second SRS resource set, separately.
· FFS: To ensure the same size of DCI for sTRP and SDM cases, how to use/interpret the TPMI/SRI field(s) and whether to do reserved bit or zero padding.



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]
Considering panels capability, when switched to single-panel transmission, MaxRank can be 4 for the panel associated with 4 SRS ports. Maximum MIMO layers that UE can process is due to baseband capability regardless of using multi-panel or single-panel. Besides, single-panel capability should be same as Rel-15 capability which is reported per UE. 
maxRank 4 can be supported when dynamically switched to single-panel transmission. 
Table 1 shows the SRS ports indication and the maximum allowed transmission rank for SDM scheme and s-panel transmission cases for codebook-based transmission. In some cases, maximum allowed transmission rank for SDM is sum of maxRank for each panel. While, maxRank for SDM can be same as that of each panel. So, assumption of maxRank for SDM is sum of maxRank of each panel is not reasonable. What’s more, maxRank for SDM transmission and sTRP(s-panel) transmission are different in most configuration cases in Table 1. 
[bookmark: _Ref127177626]Maximum transmission rank for SDM and s-panel transmission
	SRS ports 
	maxRank for SDM
	MaxRank for s-panel  
	maxRank for TPMI field1
	maxRank TPMI field2

	1+1
	2
	1
	1
	1

	2+2
	4
	2
	2
	2

	4+4
	4
	4
	4
	2

	4+4
	4
	2
	2
	2



Assumption of maxRank for SDM is sum of maxRank of each panel is not reasonable. 
Assumption of maxRank for SDM is equal to maxRank of each panel is not reasonable. 
 maxRank for sTRP transmission and SDM transmission should be separately configured.
Maximal transmission layers for SDM scheme are restricted to 4 to avoid increased UE baseband processing capability. However, for sTRP transmission, per-UE capability is applicable. So maxRank configured in current spec determines maximal number of layers for sTRP is unchanged. As for Option 2, the intention to introduce additional maxRank for sTRP transmission is totally unclear. So, we support Option 1.
For the maximal number of layers for sTRP transmission, support Option1.
Regarding maximal number of layers for SDM transmission, 4 alternatives are left to be discussed. In Alt1, 1a and 4 the maxRank for the first and second SRS resource sets are same, which means the first/second TPMI/SRI field size is same which leads to large DCI overhead. For instance, considering maximal transmission for two panels may be different considering different panel capability, the maxRank shared by two SRS resource sets(panels) should be derived by maximal maxRank between two panels. Two TPMI/SRI fields have same size determined by the shared maximal maxRank. In Alt3, maximal transmission layers are determined by UE capability on SDM transmission. There are two issues: one, how to determine and interpret the second SRI/TPMI is unclear for both NW and UE; From UE implementation point of view it is not flexible for assuming the transmission configuration and UE capability is same.  
Alt2 is the most flexible and simplest one. For each panel, the indicated rank for s-panel transmission can be larger than the rank indicated for SDM transmission. To further reduce TPMI fields indication overhead, maxRank of the first TPMI field can be configured based on maximum allowed transmission rank for single-panel transmission to indicate full candidate precoders for the first and the second panels while the second TPMI field can be configured based on the layer combination allowed for SDM transmission.
Considering we have maxRank configured in current spec which is for the first SRS resource set already, there is no need to configure another maxRank for the first SRS resource set. So, we would like to clarify that the maximal number of layers for the first SRS resource set is configured by the maxRank (or Lmax) in current spec.
For the maximal number of layers for SDM transmission, support Alt2 with following revision:
Alt2: Configure separate maximal numbers of layers for the first SRS resource set and the second SRS resource set, and the maximal number of layers for the first SRS resource set is configured by the maxRank (or Lmax) in current spec.
 
DMRS port indication 
	Agreement
For the DMRS port indication for SDM scheme single-DCI based STxMP transmission, support Alt2:
· Alt2: the DMRS ports associated with two TPMI/SRI fields can be in same or different CDM groups.
Agreement
For SDM scheme single-DCI based STxMP transmission, when L1 and L2 layers are indicated/determined by two TPMI fields of CB PUSCH or two SRI fields of NCB PUSCH respectively:
· The first L1 indicated DMRS ports correspond to the L1 layers indicated by the first TPMI or SRI field
· The remaining L2 indicated DMRS ports correspond to the L2 layers indicated by the second TMPI or SRI field
· Support at least one of the following options for indication of layer combination {1+2}:
· Option 1: new entry is added to DMRS table, e.g., {0, 2, 3}, {2, 0, 1}.
· Option 2: use DCI field (e.g., SRS resource set indicator) to indicate that for layer combination {1+2}, the first two indicated DMRS ports correspond to the 2 layers indicated by the second TPMI or SRI field and the rest one indicated DMRS port correspond to the layer indicated by the first TPMI or SRI field.
· Option 3: For layer combination of {1+2}, the DMRS port in the CDM group with only one port is mapped to the SRI/TPMI field indicating one layer, and the DMRS ports in the CDM group with 2 ports are mapped to the SRI/TPMI field indicating 2 layers
· Other options are not precluded




To support different CDM groups of DMRS ports for indication of layer combination {1+2}, three options are left to be discussed. Regarding Option 1, new entry is added to DMRS table, which may lead to larger overhead as the size of DMRS tables are yet to be finalized. Regarding Option 2, SRS resource set indicator field can be used to indicate DMRS grouping. For example, codepoint ‘11’ can be used to indicate the first two indicated DMRS ports correspond to the 2 layers indicated by the second TPMI or SRI field and the rest one indicated DMRS port correspond to the layer indicated by the first TPMI or SRI field. Option 3 is not a complete solution, for spec impact is required for UE to determine the DMRS ports partition way for it introduce additional way. 
 For indication of layer combination {1+2}, support option 2.
PTRS port indication   
	 Agreement
Support to configure up to 2 PTRS ports for SDM scheme of single-DCI based STxMP PUSCH transmission:
[bookmark: _Hlk118456969]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



Maximum of two PTRS ports can be configured for SDM transmission. As for the association between PTRS ports and DMRS ports following cases should be considered. 
Only one PT-RS port is configured
Single PTRS port is shared by both panels. Indication of association between PTRS and DMRS ports should be the same as legacy design, for DMRS ports across all panels can be indicated as the target DMRS port.
Two PTRS ports are configured: two PTRS ports can be indicated for SDM while only one PTRS port is available for s-panel transmission. Table 2 provides indication of PTRS-DMRS association field in such case.
[bookmark: _Ref118456410]Indication of PTRS-DMRS association field
	Codepoint of the first or second bit
	PTRS port 0
	PTRS port 1

	0
	The first scheduled DMRS port associates with the first SRS resource set
	The first scheduled DMRS port associates with the second SRS resource set

	1
	The second scheduled DMRS port associates with the first SRS resource set
	The first scheduled DMRS port associates with the first SRS resource set



Two PTRS ports are configured: two PTRS ports can be indicated for both SDM and s-panel transmission. When dynamic switch to s-panel transmission legacy   indication can be reused while for SDM scheme, indication as in Table 2  should be used. 
[bookmark: _Hlk118457017]Based on the above analysis, for SDM transmission we propose that the first bit of ‘PTRS-DMRS association’ field indicates one of DMRS ports associated with the first SRS resource set for PTRS port 0 while the second bit of ‘PTRS-DMRS association’ field indicates one of DMRS ports associated with the second SRS resource set for PTRS port 1.
To indicate 2 PTRS ports for SDM scheme, ‘PTRS-DMRS association’ field indication as: the first bit indicates one of DMRS ports associated with the first SRS resource set for PTRS port 0 while the second bit indicates one of DMRS ports associated with the second SRS resource set for PTRS port 1.
Further clarification on SDM scheme 
DFT-s-OFDM waveform is typically enabled for cell-edge user, so only single layer transmission is supported to keep low PAPR property. However, for two panels simultaneous transmission, independent PA architecture for two panels makes it possible to support 2-layers (1 layer on each panel) SDM transmission. Besides, for mDCI based STXMP, simultaneous transmission of rank 1 with DFT-s-OFDM waveform from each panel is supported by default. 
Clarify that SDM is also supported for DFT-s-OFDM waveform.
The intention to introduce two CWs for SDM scheme 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, the performance gain of supporting two CWs with separate MCS versus one CW with one MCS is unclear. Besides, since the maximum number of layers transmitted across all panels has been restricted to 4 in STxMP, the benefit of two-CW scheduling, mainly identified with transmission layers larger than 4, may hardly be obtained. What’s more, additional DCI overhead has to be introduced to indicate MCS/RV/NDI for the second CW. Since up to 11 bits have been introduced for facilitating SDCI-based mTRP operation in Rel-17, it is not convincing whether additional 8 bits added to the DCI are worthwhile for potentially marginal gain.
2 CW is not supported.
 Design on SFN
	[bookmark: _Hlk127194951]Agreement
· Support DCI-based dynamic switching between SFN scheme of single-DCI based STxMP PUSCH and sTRP transmission
· The DCI field “SRS resource set indicator” is used to indicate the switching between SFN scheme and sTRP transmission. 
· (Conclusion) There is no consensus to support DCI-based dynamic switching between SFN scheme and SDM scheme
[bookmark: _Hlk127194923]Agreement
For the SFN scheme of single-DCI based STxMP PUSCH:
· Configure two SRS resource sets for CB or NCB.
· FFS: Number of SRS resources of SRS resource set, and number of SRS ports of SRS resource 
· The DCI indicates two SRI fields and TPMI fields for SFN transmission, 
· On the indication of number of layers for CB and NCB PUSCH:
· Alt1: Similar to rel-17 mTRP TDM scheme, the number of layers is indicated by the first SRI field (for NCB PUSCH) or the first TPMI field (for CB PUSCH);




For SFN scheme, “total number of layers is up to 4 across all panels” means maximum 4 layers is available for each panel. Maximum 4 layers transmission across all panels is restricted considering baseband processing capability. However, for SFN scheme, same layers should be transmitted for both panels, which does not exceed the restricted UE capability.   
Support per-panel maxRank 4 for SFN scheme.
It is useless to configure a separate maximal number of layers for SFN scheme. Such additional maxRank configuration does no effect on both DCI overhead and field interpretation. For SFN scheme, same number of layers should be indicated, so only PMI with same RI indicated by the first SRI/TPMI field should be indicated by the second SRI/TPMI similar as the design in Rel-17 TDM scheme.   
maxRank configured in current spec is enough for sTRP transmission and SFN transmission.
Reuse precoder indication designed in Rel-17 for SFN precoder indication, that is the second TPMI/SRI field only indicate precoder index of the same layers indicated by the first SRI/TPMI field.
Transmission scheme indication
	Agreement
For the switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme, Alt2 is supported. FFS: Whether Alt1 is supported in addition to Alt2.
· Alt1: Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme
· FFS: how to support dynamic switching, e.g., using the indicated PUSCH repetition number
· Note: It is up to gNB implementation to configure SDM scheme of single-DCI based STxMP PUSCH or Rel-17 mTRP PUSCH TDM scheme or both of them in RRC. Dynamic switching between them is only when both schemes are configured in RRC.
· Alt2: Support RRC-based switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme



The transmission schemes discussed above target different scenarios or different requirements of data transmission that do not change often. Furthermore, DCI overhead which is not expected to change dynamically shall be provisioned to support different transmission schemes of PUSCH. Mechanism of measuring SRS resources for TDM and SDM transmission varies a lot. gNB should measure two CQI for SDM and TDM at any instant for dynamic scheduling TDM and SDM scheme, which is complicated. So, it seems reasonable that all the possibly supported schemes should be configured by RRC.
Transmission scheme can be RRC-configured.
STxMP in MDCI-based MTRP operation
SRI/TPMI indication for mDCI-based STxMP
	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 





To support simultaneous transmission from panels with different capabilities, different number of SRS ports and SRS resources con be configured for two SRS resource sets. Besides, maxRank can also be configured separately for each SRS resource set or corresponding value. Per-panel configuration provide opportunity on DCI overhead reduction. However, we should keep same size for a typical DCI format even though it will be decoded from coresets associate with different coresetpoolindex to avoid increasing UE capability.  
Separate maxRank can be configured for two SRS resource sets.
Keep same DCI payload for the same DCI format carried by coreset associates to different coresetpoolindex.
Overlapped PUSCHs 
	 Agreement
Multi-DCI based STxMP PUSCH+PUSCH transmission at least supports the following PUSCH combinations:
· DG-PUSCH + DG-PUSCH
· CG-PUSCH + DG-PUSCH
Agreement
The multi-DCI based STxMP PUSCH+PUSCH transmission supports fully/partially/non-overlapping in frequency domain and fully/partially overlapping in time domain.
· FFS whether/how to handle the PUSCH power adjustment when two PUSCHs are fully/partially overlapped in time domain (Depending on RAN4’s input on Pcmax requirements).
· Note: No symbol-level power adjustment within a PUSCH transmission occassion in the case of fully/partially overlapping in time domain

Agreement (Ran111)
Support CG PUSCH + CG PUSCH in multi-DCI based STxMP PUSCH+PUSCH transmission.




Simultaneous transmission for CG+CG is supported. UE is able to select two CG associated with different coresetpoolindex to simultaneously transmit when data arrives. For these selected CGs, HARQ-ID should not be overlapped to keep one HARQ process with one TB at a HARQ process periodicity. HARQ process ID is calculated by the time instance index including slot index and starting symbol index. For the overlapped CGs, such calculation may cause overlapped HARQ ID. The HARQ process ID offset configured by RRC in current spec can achieve different HARQ-ID for the two overlapped CGs.
 Different HARQ-ID is required for the selected CGs for STxMP.
UCI multiplexing
 
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 transmission, 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 simple 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.


[bookmark: _Ref111120706]PUSCH scheduling cases
Support TRP/panel-specific UCI multiplexing.
Regarding the situation that PUCCH+PUCCH and PUCCH+PUSCH are not supported for mDCI-based STxMP, rules to handle such the overlapped PUCCH or overlapped PUCCH/PUSCH after per-panel UCI multiplexing should be further discussed. One default way is to define PUCCH/PUSCH associates with one panel has higher priority. 
Define default rule to handle the overlapped PUCCH+PUCCH, PUCCH+PUSCH in mDCI based STxMP.
Dynamic indication of simultaneous transmission 
In practice, interference between two panels is time-varying due to UE movement, rotation and varying environment so that the dynamically indicated beams for two panels may not always be suitable for simultaneous transmission. Besides, different transmission power of two panels by independent power control 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. Unfortunately, current beam reporting cannot indicate the uplink interference between two panels measured by each TRP. For example, as shown in Figure 3 panel 1 transmits SRS1 and panel2 transmits SRS2, if the received power of SRS1 is comparable to that of SRS2, implying the interference from panel 1 is significant for the reception of UL transmission from panel 2, simultaneous transmission from two panels may not be beneficial in this circumstance.


[bookmark: _Ref101791610]An example of interference measurement 
We show the SIR measured at TRPs between two back-to-back panels (Ω0,1=Ω0,0+180°) and orthogonal panels (Ω0,1=Ω0,0+90°) at the UE associating with different TRPs assuming same transmit power of the two panels when the UE rotates at the 50 rounds/minute, as shown in Figure 4 a) and b) respectively. The SIR represents the ratio between a desired signal transmitted from one panel with its optimal beam direction to the TRP of interest and the interference from the other panel with its optimal beam direction to its target TRP. The final SINR must be less than the SIR taking into account of other interference. The CDF of SIR shows that the inter-panel interference is an important factor to limit the SINR, sometimes severely impacts the SINR. The amount of inter-panel interference dynamically changes depending the relative positions between the UE and two TRPs, angles between two panels and two TRPs, which is unpredictable due to UE’s movement and rotation.
[image: ][image: ]
a) Two back-to-back panels (Ω0,1=Ω0,0+180°)                b) Two orthogonal panels (Ω0,1=Ω0,0+90°)
[bookmark: _Ref111103640]CDF of SIR between two panels measured at TRP
We have following observations:

Inter-panel interference is one of the factors affecting the SINR for simultaneous UL channel reception transmitted from two panels.
[bookmark: _Hlk115456389]SIR less than 0dB, i.e., the strength of interference from the interfering panel larger than the strength of signal of interest, is with probability of about 7%; SIR less than 5dB is with probability of 20% to 35% approximately; SIR less than 10dB is with probability of 50% to 70% approximately, etc.
The maximum SIR is below 25dB, meaning that the achievable SINR cannot exceed 25dB.
Inter-panel interference is severe between orthogonal panels than that of back-to-back panels.
The amount of inter-panel interference dynamically changes depending the relative positions between the UE and two TRPs, angles between two panels and two TRPs, which is unpredictable due to UE’s movement and rotation.
The unpredicted interference is easy to be managed in S-DCI based MTRP by dynamically indicting simultaneous two panel transmission or single panel transmission. For M-DCI-based MTRP, two PUSCHs can be scheduled non-overlapping by two TRPs for ideal-backhaul. However, for M-DCI-based MTRP with non-ideal backhaul, 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. For a UE supporting STxMP transmission, when it receives an indictor disallowing simultaneous transmission and scheduled with overlapping PUSCHs or PUCCHs, UE will transmit one PUSCH or PUCCH depending on a predefined rule or up to its own decision.
Support to dynamically switch between single panel transmission and STxMP transmission for PUSCHs or PUCCHs for M-DCI based MTRP.
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 [1], 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. Currently power is calculated based on one transmission occasion corresponding to only one PUSCH transmission by using following equation. 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 on one transmission occasion, panel-specific P0/alpha, Pathloss, and closed-loop power adjustment can be acquired. Then panel-specific transmission power can be calculated by using the above formula respectively to achieve panel-specific power control. To enable this, per-panel power limits should be defined. Considering panel-specific power control should be applicable for both STxMP and single panel transmission because dynamic switch between single panel transmission and STxMP has been agreed, current power limitation should be reused as panel-specific power limits. Panel is identified as one beam or TCI state in spec in order not to disclose implementation. In the same spirit, panel-specific power control can be achieved by define beam-specific power limits.  
 Panel(beam)-specific power limits should be introduced for panel-specific power control.
Current power limitation PCMAX, f,c(i) is restricted by max TRP and max EIRP. There are regulatory requirements for EIRP, which is per-UE based for a band, and TRP is preferred to be kept as per-UE to avoid work on related basic requirements in RAN4. Therefore, power limitation PCMAX, f,c(i)  is defined as per-UE limitation and maybe also required for STxMP. Based on this situation, power sharing rule should be further discussed in RAN1 together with panel-specific power control to meet the per-UE power limitation.
Further study power sharing rule to meet the per-UE power limitation if needed.
PHR report for SDCI-based and MDCI-based STxMP
Panel-specific PHR should be reported to assist gNB for controlling transmission power from 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. 
The PHR trigger condition can be configured per panel for trigger events are essentially determined per-panel. Per-panel TCI state indication makes it possible for UE to track PL-RS panel-specifically. Besides, panel-specific PHR trigger is more efficient for PHR reporting, for across panel judgement is not needed. So, we propose to support Per-panel PHR trigger for both sDCI-based and mDCI-based STxMP.
 Support Per-panel PHR trigger for both sDCI-based and mDCI-based STxMP.
Considering that transmission power of one panel will be determined by the other panel for simultaneous transmission, reporting power headrooms for both panels will better assist NW to control transmission power of two panels. In addition, reporting two PHs together is helpful even for sTRP scheduling for NW will select a panel with large power to improve better performance. So, we propose to report PHs for both panels together when PHR triggered.  
 Support to report PHs for both panels together when PHR triggered. 
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.
In ideal-backhaul deployment scenario, PHR can be reported on PUSCH targets for any TRP. However, for the typical mDCI mTRP scenario non-ideal backhaul deployment, it is better to report PHRs for both TRP. Joint PHRs report on PUSCH towards any TRP is efficient while separate PHRs report on PUSCHs towards both TRPs is helpful in non-ideal backhaul case. To capture both modes adaptive to two scenarios, we support RRC-configured separate PHR report mode or joint PHR report mode for mDCI-based STxMP.   
Support RRC-configuration of separate PHR report mode or joint PHR report mode for mDCI-based STxMP. 
Conclusions 
In this contribution, we have the following proposals: 
1. Assumption of maxRank for SDM is sum of maxRank of each panel is not reasonable. 
Assumption of maxRank for SDM is equal to maxRank of each panel is not reasonable. 


Inter-panel interference is one of the factors affecting the SINR for simultaneous UL channel reception transmitted from two panels.
SIR less than 0dB, i.e., the strength of interference from the interfering panel larger than the strength of signal of interest, is with probability of about 7%; SIR less than 5dB is with probability of 20% to 35% approximately; SIR less than 10dB is with probability of 50% to 70% approximately, etc.
The maximum SIR is below 25dB, meaning that the achievable SINR cannot exceed 25dB.
Inter-panel interference is severe between orthogonal panels than that of back-to-back panels.
The amount of inter-panel interference dynamically changes depending the relative positions between the UE and two TRPs, angles between two panels and two TRPs, which is unpredictable due to UE’s movement and rotation.

1. For both sDCI based and mDCI based STxMP, two SRS resource sets can have different number of SRS resources and different number of SRS ports for codebook -based or non-codebook-based transmission.
1.    maxRank 4 can be supported when dynamically switched to single-panel transmission. 
1.    maxRank for sTRP transmission and SDM transmission should be separately configured.
1.    For the maximal number of layers for sTRP transmission, support Option1.
1.    For the maximal number of layers for SDM transmission, support Alt2 with following revision:
Alt2: Configure separate maximal numbers of layers for the first SRS resource set and the second SRS resource set, and the maximal number of layers for the first SRS resource set is configured by the maxRank (or Lmax) in current spec. 
   For indication of layer combination {1+2}, support option 2.
To indicate 2 PTRS ports for SDM scheme, ‘PTRS-DMRS association’ field indication as: the first bit indicates one of DMRS ports associated with the first SRS resource set for PTRS port 0 while the second bit indicates one of DMRS ports associated with the second SRS resource set for PTRS port 1.
Clarify that SDM is also supported for DFT-s-OFDM waveform.
2 CW is not supported.
Support per-panel maxRank 4 for SFN scheme.
maxRank configured in current spec is enough for sTRP transmission and SFN transmission.
Reuse precoder indication designed in Rel-17 for SFN precoder indication, that is the second TPMI/SRI field only indicate precoder index of the same layers indicated by the first SRI/TPMI field.
Transmission scheme can be RRC-configured.
Separate maxRank can be configured for two SRS resource sets.
Keep same DCI payload for the same DCI format carried by coreset associates to different coresetpoolindex.
Different HARQ-ID is required for the selected CGs for STxMP.
Support TRP/panel-specific UCI multiplexing.
Define default rule to handle the overlapped PUCCH+PUCCH, PUCCH+PUSCH in mDCI based STxMP.
Support to dynamically switch between single panel transmission and STxMP transmission for PUSCHs or PUCCHs for M-DCI based MTRP.
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(beam)-specific power limits should be introduced for panel-specific power control.
Further study power sharing rule to meet the per-UE power limitation if needed.
TRP-specific PHR reporting designed in Rel-17 SDCI-based mTRP should be reused for panel-specific PHR reporting as much as possible. 
Support Per-panel PHR trigger for both sDCI-based and mDCI-based STxMP.
Support to report PHs for both panels together when PHR triggered. 
Support RRC-configuration of separate PHR report mode or joint PHR report mode for mDCI-based STxMP. 

References 
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