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1. [bookmark: _Ref490222521]Introduction
In the RAN1#114bis meeting [1], issues on power domain enhancements were further discussed. No further RAN1 impact is identified on the ΔPPowerClass reporting, and RAN1 impacts on full-power capability vary with ΔPPowerClass reporting needs further discussion. The current conclusion is listed as follows:
	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, discussion based on the above conclusion will be continued. Full-power transmission mode enhancement will be mentioned and detailed potential spec impact in the RAN1 aspect will be further identified.
2. Full-power transmission mode enhancement
[bookmark: OB1]The RAN4 107 meeting agreed that full-power MIMO transmission capability reporting corresponding to the current power class should be reported for a more reasonable UL scheduling [2]. As described in [3], PC change reporting should be performed to avoid the misalignment between gNB and high power UE (HPUE), and at least full-power transmission mode needs to be changed for better NW scheduling. If power class fallbacks, a UE with dual PC2 PAs to support PC1.5 MOP can be converted to dual PC3 PAs or one PC2 plus zero, and UE is more expected to be configured with one PC2 mode to get better transmission performance and guarantee the coverage range if UE is at the cell edge and about to drop. That means full-power transmission mode will be changed from mode 1 to mode 0. Hence, a full-power transmission mode change is necessary and beneficial for the coverage range.
Observation 1: Full-power MIMO transmission mode change is beneficial for the transmission performance and coverage range. 
2 
In the current spec, full-power MIMO transmission capability is reported separately with power class capability, and UE will be configured with corresponding P-max information and full-power transmission mode based on current network deployment. If UE power class changing information is reported, naturally the full-power transmission mode needs to be changed. But such a procedure is not covered by the current spec, which needs to be further discussed.


Figure 1. Timeline for power class change and full power mode configuration 
RRC reconfiguration seems a common method for the full-power transmission mode configuration, and less spec impact can be caused, but a few tens of milliseconds will be cost for the reconfiguration, which is a bit longer for the scheduled UE. As shown in Figure 1, assuming the duration between occasion T1 and occasion T2 is the necessary time for RRC reconfiguration, the full-power transmission mode will be changed at least after the T2 occasion if RRC reconfiguration is performed, which means the full power mode is still not appropriate between the occasion T1 and occasion T2, and UE may have been out of coverage in this duration. Moreover, if the power class change is faster than RRC reconfiguration, as shown in Figure 2, how will network configures the full-power mode seems a sticky problem.


Figure 2. Timeline for power class change and full power mode configuration  
Therefore, the full-power transmission mode is better to be changed and configured on occasion T1, which can guarantee UE transmission performance in real-time and avoid the mentioned timeline problem. To achieve such a target, some new RRC parameters can be added as Rel-18 parameters to guarantee a real-time full-power mode configuration. Though some extra RRC bits are introduced, network performance will be improved, which is worthwhile.
[bookmark: PP1]Proposal 1: Adding several new RRC parameters to display the target full-power mode based on current power class information is necessary.
To support that configuration method, full-power MIMO transmission capability reporting needs to be combined with power class capability reporting. That means UE can convey its expected full-power transmission mode under the current power class, and configuration of the Rel-18 new RRC parameters will be performed based on the reporting capability. Consider received RAN4 LS has noted that full power MIMO transmission capability reporting will be related to the current power class, corresponding capability reporting mechanism should be supported.
[bookmark: PP2]Proposal 2: Support full-power MIMO transmission capability reporting combined with power class capability reporting.
3. Potential spec impact in RAN1 aspect.
Based on the conclusion in the last meeting, at least 3 aspects are identified by RAN1 and need to be discussed, which may be related to PUSCH power control, TPMI table modification and description.
3 
3.1 PUSCH power control 
As discussed in the last meeting, UE is expected to be changed as one PA 1 MIMO layer (full-power mode 0) from 2 MIMO layers with 2 symmetric power distribution PA (full-power mode 1) for better transmission performance when power class is changed. That means one PA needs to be shut down and the transmission MIMO layer is changed to one layer. Considering gNB is able to acquire the current rank information based on link adaption, e.g. through SRS report or CSI-RS measurement in the next period, the changed rank information can be acquired by NW and reasonable TPMI indication will be provided to corresponding UE. But a similar problem seems to occur that the changed rank is known by NW at least after a later occasion, e.g., T1.5, which means ‘s’ will be scaled due to inaccurate antenna port numbers between occasion T1 and occasion T1.5. PUSCH power control mechanism will be affected. 


Figure 5. Timeline for power class change and accurate ‘s’ factor
If accurate and faster power control is needed, UE may be necessary to report its rank information through assistant information or another signaling, and gNB can quickly modify the ‘s’ value, which means a reasonable power control can be performed since occasion T1. From this perspective, the best power control effect is able to be guaranteed, and no further RAN1 power control impact will be caused, but the corresponding signaling design is needed, and the workload is not sure.
[bookmark: OB2]Observation 2: MIMO layer information report will have the best power control effect, and the workload is not sure.
Besides, we can also wait for gNB link adaption. In the current network, period CSI-RS or SRS is configured to make gNB understand the channel condition of UE and modify the UE rank information, then an accurate power control will be performed. The duration of this method depends on the reference signal period configuration, and intensive configuration will not spend a large duration for accurate power control. For example, CSI-RS can be configured as slots 4 or slots 5, which means only a few milliseconds will be cost and seems acceptable. Otherwise, the duration will be large, and it doesn’t make sense for the full-power transmission mode change if power control mechanism is not appropriate.
[bookmark: OB3]Observation 3: MIMO layer information can also depend on gNB which has no RAN1 spec. impact,  and the reference signal period should be reasonable.
Moreover, a simpler method can also be considered that introduces some clarifications in the power control. For example, we can add some description in the full-power transmission mode 1 that ‘s’ should equal to ‘1’ if UE supports full-power MIMO transmission capability reporting combined with power class capability reporting and full-power transmission mode is just changed from full-power mode 2 or full-power mode. In this method, the power control effect is accurate but some RAN1 spec. impact will be caused.
[bookmark: OB4]Observation 4: Clarifications can be introduced for the ‘s’ factor in the full-power transmission mode 1, but some RAN1 spec. impact will be caused.
Since we are in the maintenance stage, less workload should be prioritized. Considering the workload is not sure if MIMO layer report can be supported, further discussion should not be continued in the Rel-18 stage. If a reasonable reference signal period can be configured and guaranteed, gNB link adaption is enough. Otherwise, to avoid the longer duration between occasion T1 and occasion T1.5, clarifications may need to be considered.
[bookmark: PP3]Proposal 3: MIMO layer report should not be discussed in the Rel-18 stage.
[bookmark: PP4]Proposal 4: gNB link adaption or introducing ‘s’ factor clarifications can be further discussed.
3.2 TPMI configuration modification
In the current spec, TPMI table is selected mainly based on full-power transmission mode and codebook subset, as shown in the Figure 3 and Figure 4. If ΔPPowerClass information is reported, full-power transmission mode may be changed based on RAN4 agreement, but no corresponding mechanism is related to codebook subset changing. Assuming a scenario that fullpowerMode2 is configured and codebooksubset is set as fullyAndPartialAndNonCoherent, if full-power transmission mode will be changed from fullpowerMode2 to fullpowerMode1, but the codebook subset is still set as fullyAndPartialAndNonCoherent, no available TPMI configuration can be selected.
[image: C:\Users\HP\Documents\WeChat Files\wxid_7ucz9cr6ybci22\FileStorage\Temp\1698667294077.png] [image: C:\Users\HP\Documents\WeChat Files\wxid_7ucz9cr6ybci22\FileStorage\Temp\1698667366929.png]
Figure 3. TPMI table for full-power mode or full-power mode 2     Figure 4. TPMI table for full-power mode 1
Some mechanisms should be designed to avoid such problems. On the one hand, we can let the codebook subset configuration change if full-power transmission mode is changed by ΔPPowerClass reporting. We can use some new RRC signaling similar to the configuration of full-power transmission mode per power class, to indicate the expected codebook subset under a configured new full-power transmission mode, or just hope NW configuration can avoid this problem and guarantee a correct configuration, which seems a little negative. On the other hand, codebook subset may not need to be changed, we can just introduce some limitations, such as UE is not expected to be configured as fullyAndPartialAndNonCoherent when full-power transmission mode 0 or full-power transmission mode 2 is configured and UE supports full-power MIMO transmission capability reporting combined with power class capability reporting. A clear mechanism needs to be identified based on the above-mentioned methods for TPMI configuration modification.
[bookmark: PP5]Proposal 5: A mechanism needs to be identified for TPMI configuration modification
· Introduce new RRC signaling similar to the configuration of full-power transmission mode per power class
· Up to NW configuration
· Introduce some limitation
3.3 TPMI table description modification
As shown in Figure 3 or 4, a TPMI table configuration is confirmed if antenna port number, waveform type, max rank and full-power transmission mode are configured. If some new full-power mode configuration will be introduced as a Rel-18 feature, the current TPMI table can be reused but the description needs to be modified. For example, if new Rel-18 RRC parameters are added to the RRC configuration, i.e., fullpowerMode1-r18, the description of ‘ul-FullPowerTransmission = fullpowerMode1’ should be modified as ‘ul-FullPowerTransmission = fullpowerMode1 or ul-FullPowerTransmission = fullpowerMode1-r18’.
[bookmark: PP6]Proposal 6: TPMI table description needs to be modified.
3. Conclusion
In this contribution, we discuss the full-power transmission mode and identify the potential RAN1 impact, and have the following observations and proposals:
Observation 1: Full-power MIMO transmission mode change is beneficial for the transmission performance and coverage range. 
Observation 2: MIMO layer information report will have the best power control effect, and the workload is not sure.
Observation 3: MIMO layer information can also depend on gNB which has no RAN1 spec. impact,  and the reference signal period should be reasonable.
Observation 4: Clarifications can be introduced for the ‘s’ factor in the full-power transmission mode 1, but some RAN1 spec. impact will be caused.
Proposal 1: Adding several new RRC parameters to display the target full-power mode based on current power class information is necessary.
Proposal 2: Support full-power MIMO transmission capability reporting combined with power class capability reporting.
Proposal 3: MIMO layer report should not be discussed in the Rel-18 stage.
Proposal 4: gNB link adaption or introducing ‘s’ factor clarifications can be further discussed.
Proposal 5: A mechanism needs to be identified for TPMI configuration modification
· Introduce new RRC signaling similar to the configuration of full-power transmission mode per power class
· Up to NW configuration
· Introduce some limitation
Proposal 6: TPMI table description needs to be modified.
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Table 7.3.1.1.2-2E: Second precoding information for 4 antenna ports, if transform precoder is
disabled, maxRank = 3 or 4, and ul-FullPowerTransmission = fullpowerMode.
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