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Introduction
In the RAN1#114bis meeting, it has concluded that potential RAN1 impacts on how UL full-power capability vary with ΔPPowerClass reporting can be further discussed [1]. 
	Conclusion
For potential RAN1 impacts on how UL full-power capability vary with ΔPPowerClass reporting, continue to discuss the following:
· Potential modifications to the scale factor ‘s’ in 38.213 subclause 7.1 to depend on ΔPPowerClass.
· Modifications related to TPMI e.g., modifications to avoid erroneous TPMI configuration and modifications to the TPMI table description
· Potential impact of ΔPPowerClass  on maximal number of layers in MIMO


In this contribution, our view on the potential remaining issues related to UL full-power capability varying is provided. 
Discussion
Based on the RAN4 LS in R1-2310800(R4-2317768), RAN4 confirmed that UE could report a more suitable UL FP mode depending on ΔPPowerClass (DPC). That is, different UL FP modes could be applied based on different power classes. In other words, dynamic UL FP mode switching depending on DPC can be considered according to the RAN4 LS. 
	R1-2310800(R4-2317768)
· Q4: Could RAN4 clarify the meaning of the recommendation related to the combination of the ΔPPowerClass report with full-power MIMO transmission capability reporting corresponding to the current power class?
· Answer from RAN4: The intention is to allow UE to report a more suitable mode for ul-FullPowerTransmission depending on ΔPPowerClass. An example is a UE that supports PC1.5 with ul-FullPwrMode1-r16. This type of UE would be allowed to indicate additional ul-FullPwrMode-r16 capabilities which would apply only when ΔPPowerClass = 3 dB or when ΔPPowerClass = 6 dB, i.e. where achievable maximum transmission power is capped by 26 dBm or 23 dBm, respectively.


In current spec, only one UL FP mode is configured for a UE regardless of power class fallback or return. 
	PUSCH-Config ::= SEQUENCE { 
...
ul-FullPowerTransmission-r16 ENUMERATED {fullpower, fullpowerMode1, fullpowerMode2} OPTIONAL, -- Need R
...


Concerning UL FP mode change due to DPC, the potential UE behavior is summarized as follows. 
· If the UE does not indicate additional UL FP mode capability when DPC = 3dB or 6dB, the configured UL FP mode will be applied as legacy.
· If the UE could be allowed to indicate additional UL FP mode capability when DPC = 3dB or 6dB, 
· Case 1: The additional UL FP mode still cannot be used if the RRC configuration for UL FP mode is not changed as legacy.
· Case 2: The additional UL FP can be applied if new corresponding UL FP mode configurations are introduced and provided to UE, e.g. independent UL FP mode configuration per PC.
More specifically in terms of the detailed reporting and configuration mechanism for the additional UL FP mode, the following alternatives can be considered. 
· Alt.1, UL FP mode is semi-statically reported/configured per PC. 
· Alt.2, UL FP mode is dynamically reported with DPC by UE, e.g., in the MAC CE of reporting DPC, and a new RRC dynamicFullPowerMode-r18 can be introduced to enable/disable the dynamic UL FP mode switching with ΔPPowerClass reporting. 
· Alt.3, On top of Alt.1 or Alt.2, whether the additional UL FP mode associated with each PC can be applied after DPC reported can be dynamically indicated by DCI or MAC CE.
In our view, whether and how to design the signalling can be discussed in RAN2/4. At this stage, RAN1 can first focus on the potential RAN1 impacts assuming UL full-power capability varying with ΔPPowerClass reporting is to be supported.
Proposal 1: For UL full-power capability varying with ΔPPowerClass reporting, it’s up to RAN2/4 to decide whether and how to design the corresponding signaling, and RAN1 can first focus on the potential RAN1 impacts assuming it is to be supported. 
Since all the potential RAN1 impacts concluded in RAN1#114bis are MIMO related aspects, it may be more appropriate to put the discussion in MIMO section if possible.
Proposal 2: The potential RAN1 impacts on how UL full-power capability vary with ΔPPowerClass reporting can be discussed in MIMO section.
Modifications related to scale factor ‘s’
In current spec copied below, MIMO power scaling factor ‘s’ is determined without considering power class change.
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For a PUSCH transmission on active UL BWP , as described in clause 12, of carrier  of serving cell , a UE first calculates a linear value  of the transmit power , with parameters as defined in clause 7.1.1. For a PUSCH transmission scheduled by a DCI format other than DCI format 0_0, or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook', 
-	if ul-FullPowerTransmission in PUSCH-Config is provided, the UE scales  by  where:
-	if ul-FullPowerTransmission in PUSCH-Config is set to fullpowerMode1, and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port,  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over the maximum number of SRS ports supported by the UE in one SRS resource
-	if ul-FullPowerTransmission in PUSCH-Config is set to fullpowerMode2, 
-	 for full power TPMIs reported by the UE [18, TS 38.306], and  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over a number of SRS ports for remaining TPMIs, where the number of SRS ports is associated with an SRS resource indicated by an SRI field in a DCI format scheduling the PUSCH transmission if more than one SRS resource is configured in the SRS-ResourceSet with usage set to 'codebook', or indicated by Type 1 configured grant, or the number of SRS ports is associated with the SRS resource if only one SRS resource is configured in the SRS-ResourceSet with usage set to 'codebook', 
-	, if an SRS resource with a single port is indicated by an SRI field in a DCI format scheduling the PUSCH transmission when more than one SRS resource is provided in the SRS-ResourceSet with usage set to 'codebook', or indicated by Type 1 configured grant, or if only one SRS resource with a single port is provided in the SRS-ResourceSet with usage set to 'codebook', and 
-	if ul-FullPowerTransmission in PUSCH-Config is set to fullpower, 
-	else, if each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. 
The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 


In case UL FP mode can be dynamically switched based on DPC report, whether the scaling factor needs to be updated or not can be considered. For example, a PC2 UE configured with UL FP mode 1 will apply mode 1 if no DPC report or DPC = 0dB, otherwise mode 0 can be applied when DPC = 3dB reported and fall back to PC3. In such case, it seems that scaling factor ‘s’ determination for each mode can be reused with additionally clarifying how the power mode is determined and enabled based on the new signaling introduced in Rel-18 if the dynamic mode switching is supported. An example TP for scaling factor ‘s’ of UL FP mode 1 is shown below for Alt 1 and Alt 2. Similar TP for other modes can also be considered.
	7.1 Physical uplink shared channel
For a PUSCH transmission on active UL BWP , as described in clause 12, of carrier  of serving cell , a UE first calculates a linear value  of the transmit power , with parameters as defined in clause 7.1.1. For a PUSCH transmission scheduled by a DCI format other than DCI format 0_0, or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook', 
-	if ul-FullPowerTransmission in PUSCH-Config is provided, the UE scales  by  where:
-	if ul-FullPowerTransmission in PUSCH-Config is set to fullpowerMode1 [Alt1: or if ul-FullPowerTransmission-r18 configured per power class in PUSCH-Config is determined as fullpowerMode1] [Alt2: or if fullpowerMode1 is dynamically reported by the UE and the UE is provided with dynamicFullPowerMode-r18], and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port,  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over the maximum number of SRS ports supported by the UE in one SRS resource
...


Proposal 3: The scale factor ‘s’ for each UL full-power mode can be reused and additional modifications can be added to clarify the UL full-power mode can be dynamically switched to a certain full-power mode based on the ΔPPowerClass reporting.
Modifications related to TPMI
In current spec copied below, TPMI is indicated to a UE by the DCI field of ‘Precoding information and number of layers’ based on several TPMI configurations, and the UL FP mode cannot be changed dynamically in legacy.
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...
-	Precoding information and number of layers – number of bits determined by the following:
-	0 bits if the higher layer parameter txConfig = nonCodeBook;
-	0 bits for 1 antenna port and if the higher layer parameter txConfig = codebook;
-	4, 5, or 6 bits according to Table 7.3.1.1.2-2 for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, transform precoder is disabled, and according to the values of higher layer parameters maxRank if multipanelScheme is not configured or max{maxRank, maxRankSfn} if multipanelScheme = sfnScheme or max{maxRank, maxRankSdm} if multipanelScheme = sdmScheme, and codebookSubset; 
-	4 or 5 bits according to Table 7.3.1.1.2-2A for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, maxRank=2 if multipanelScheme is not configured or max{maxRank, maxRankSfn} = 2 if multipanelScheme = sfnScheme or max{maxRank, maxRankSdm} = 2 if multipanelScheme = sdmScheme, transform precoder is disabled, and according to the values of higher layer parameter codebookSubset;
-	4 or 6 bits according to Table 7.3.1.1.2-2B for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, maxRank=3 or 4, transform precoder is disabled, and according to the values of higher layer parameter codebookSubset;
-	2, 4, or 5 bits according to Table 7.3.1.1.2-3 for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, and according to whether transform precoder is enabled or disabled, and maxRank=1 if multipanelScheme is not configured or max{maxRank, maxRankSfn} = 1 if multipanelScheme = sfnScheme or max{maxRank, maxRankSdm} = 1 if multipanelScheme = sdmScheme, and codebookSubset; 
-	3 or 4 bits according to Table 7.3.1.1.2-3A for 4 antenna ports, if txConfig = codebook, ul-FullPowerTransmission = fullpowerMode1, maxRank=1 if multipanelScheme is not configured or max{maxRank, maxRankSfn} = 1 if multipanelScheme = sfnScheme or max{maxRank, maxRankSdm} = 1 if multipanelScheme = sdmScheme, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameter codebookSubset;
...


In case UL FP mode can be dynamically switched based on DPC report, erroneous TPMI configuration may happen since not all the TPMI configuration cases can be applied to each UL FP mode. For example, in case of 4 antenna ports, if codebookSubset = fullyAndPartialAndNonCoherent, a UE can be configured with ul-FullPowerTransmission = fullpowerMode2 or fullpower, while fullyAndPartialAndNonCoherent cannot be configured with ul-FullPowerTransmission = fullpowerMode1. If the dynamic switching between mode 0 and mode 1 may happen due to power class change, how to indicate a valid TPMI to the UE should be resolved.
One simple operation could be to avoid the erroneous TPMI configuration, i.e., ensuring a valid TPMI configuration in case of UL FP mode change. For example, not to configure codebookSubset = fullyAndPartialAndNonCoherent in above example to always ensure the valid TPMI configuration if the dynamic switching between mode 0 and mode 1 is applied. But this will also result in MIMO performance reduction due to no fullyAndPartialAndNonCoherent configuration. In other words, the performance gain of disabling dynamic UL FP mode switching but allowing fullyAndPartialAndNonCoherent configuration may be larger than that of enabling dynamic UL FP mode switching but not allowing fullyAndPartialAndNonCoherent configuration. As a result, another potential solution is that, in case TPMI configuration can be applied for each UL full-power mode, dynamic UL full-power mode switching is supported/enabled; while in case TPMI configuration cannot be applied for each UL full-power mode, dynamic UL full-power mode switching is not supported or disabled.
Proposal 4: In case TPMI configuration can be applied for each UL full-power mode, dynamic UL full-power mode switching is supported/enabled. In case TPMI configuration cannot be applied for each UL full-power mode, dynamic UL full-power mode switching is not supported or disabled.
Furthermore, even assuming the TPMI configurations are valid for each UL FP mode, how to determine the size of the DCI field of ‘Precoding information and number of layers’ should be resolved if dynamic switching of full-power mode is enabled due to power class change. For example, in case of 4 antenna ports, codebookSubset = partialAndNonCoherent, and maxRank = 4, the size of the field is 5 bits in case of mode 0, while 6 bits in case of mode 1. If the dynamic switching between mode 0 and mode 1 can be applied due to power class change, a maximum size according to the two modes should be used. In such example, using the LSB bits to indicate TPMI in case of the current mode may not reach the maximum size of the field.
Proposal 5: In case dynamic UL full-power mode switching is supported/enabled, for the same TPMI configuration except for the UL full-power mode, the size of the DCI field of ‘Precoding information and number of layers’ is determined by the maximum value according to all configured UL full-power modes.
Modifications related to maximal number of layers
In current spec, the maxRank is also semi-statically configured. The size of the DCI field of ‘Precoding information and number of layers’ is also determined by the maxRank which is semi-statically configured, and summarized below.
	· For 4 antenna ports, the size of the field is different between maxRank = 2/3/4 and maxRank = 1; the size of the field is the same for maxRank = 2/3/4 with the same codebookSubset configuration.
· For 2 antenna ports, the size of the field is different between maxRank = 2 and maxRank = 1.
· For 8 antenna ports, no simultaneous configuration of UL FP mode and maxRank = 5/6/7/8. In case of UL FP mode and maxRank = 1/2/3/4 configured simultaneously, 
· For Codebook4/3, the size of the field is different between each maxRank; 
· [bookmark: _GoBack]For Codebook2, the size of the field is the same for maxRank = 3/4; the size of the field is different among maxRank = 1/2/3. 


If dynamic UL FP mode switching and maximal number of layers switching is supported due to power class change, similar issue in Section 2.2 would also happen and could be even worse. Since RAN4 has approved to stop the discussion of the dynamic maxRank switching based on R4-2317769, we suggest stopping the discussion in RAN1 also.  
	R4-2317769	WF on UL power enhancement 
	Type: other		For: Approval
	Source: Huawei
Qualcomm: The following information from Qualcomm is as reference for future discussion
· A change in ΔPPowerClass can be triggered by changes in physical UL resource availability at the UE, for example due to SAR. The changes may be beyond what can be described via ULFPTx capabilities that apply when ΔPPowerClass takes on positive values.
Agreement: ΔPPowerClass is not used for UE which supports the increasing upper power limit feature
Decision:		Approved.

<Topic #5> Whether UL MIMO max. layers capability can be revised with fallback or power class recovery event
<Agreement>:
-	Stop the discussion of this issue.


Proposal 6: Stop the discussion on RAN1 impacts of ΔPPowerClass  on maximal number of layers in MIMO.
Conclusion
According to the discussion above, we have the following proposals.
Proposal 1: For UL full-power capability varying with ΔPPowerClass reporting, it’s up to RAN2/4 to decide whether and how to design the corresponding signaling, and RAN1 can first focus on the potential RAN1 impacts assuming it is to be supported. 
Proposal 2: The potential RAN1 impacts on how UL full-power capability vary with ΔPPowerClass reporting can be discussed in MIMO section.
Proposal 3: The scale factor ‘s’ for each UL full-power mode can be reused and additional modifications can be added to clarify the UL full-power mode can be dynamically switched to a certain full-power mode based on the ΔPPowerClass reporting.
Proposal 4: In case TPMI configuration can be applied for each UL full-power mode, dynamic UL full-power mode switching is supported/enabled. In case TPMI configuration cannot be applied for each UL full-power mode, dynamic UL full-power mode switching is not supported or disabled.
Proposal 5: In case dynamic UL full-power mode switching is supported/enabled, for the same TPMI configuration except for the UL full-power mode, the size of the DCI field of ‘Precoding information and number of layers’ is determined by the maximum value according to all configured UL full-power modes.
Proposal 6: Stop the discussion on RAN1 impacts of ΔPPowerClass  on maximal number of layers in MIMO.
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