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1	Introduction
In [1] RAN4 ask RAN1 to share their view on if differences in achieved maximum transmit power due to MIMO power scaling and the Pcmax reported by PHR and if RAN1 see problems due to any such differences.  In this contribution, we consider the issue raised by RAN4.  A corresponding draft LS response is in [2].
2	Discussion
In [1], RAN4 say the following:
RAN4 discussed the power scaling behaviour defined in the beginning of clause 7.1 of TS 38.213. In case the factor  is not equal to 1, e.g. 2Tx UL MIMO when indicated TPMI is 0 or 1 for UE not indicating support of ULFPTx or operating in ULFPTx fullpowerMode 1, and applied to , RAN4identified that in such case the actually achievable maximum configured power would be different from the Pcmax,f,c value derived via reported power class. However, in the PHR calculation, i.e. in clause 7.7.1 in 38.213, this power scaling factor s is not considered.
RAN4 would like to check RAN1’s view whether the above understanding is correct and whether it is an issue from RAN1 perspective since ULFPTx introduced in Rel-16 is intentionally to address MIMO non-full power issue.

The text containing the MIMO scale factor  from 38.213 that RAN4 refers to is the following:
	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. 



As can be seen, the scale factor  reduces the transmit power under some conditions that depend on the full power MIMO configurations.  The scale factor is applied to the (linear value of the) power  calculated for the PUSCH using the power control mechanisms in section 7.1, and according to the equation below, and so can be at most , which is the configured transmit power.
[image: ] [dBm]
Power headroom for an actual PUSCH transmission is calculated as the difference between Pcmax and the power set by power control, according to section 7.7.1 of 38.213. 
	[image: ]
The power headroom is therefore calculated without applying the scale factor  and so the actually achieved maximum power can be less than Pcmax as RAN4 points out.
Observing that dynamic slot-by-slot scheduled parameters such as the number of RBs , the spectral efficiency power offset , and the closed loop power control  are included in the power headroom, while the scale factor  which also varies slot by slot is not included, one can understand the motivation for RAN4’s question.  On the other hand, the power scaling is known to both the gNB and UE, and is straightforwardly calculated, so there is no chance for misunderstanding what is reported in the PHR.  The gNB should take the reported PHR and reduce the available headroom by the scale factor in cases where  If the UE uses a direct measure of PUSCH transmit power and , it should scale the actual transmit power by  to remove the effect of the scaling and comply with the PHR calculation as given in section 7.7.1 of 38.213.
While power headroom is calculated for actual PUSCH transmission without taking the MIMO power scaling factor  into account, the calculation method in 38.213 is clear.  Since both the UE and the network are aware of the scaling factor , they should use it to adjust the power headroom to determine the power actually transmitted by the UE.
Confirm to RAN4 that the power headroom is calculated without applying the MIMO scale factor  from section 7 of 38.213 and so the actually achieved maximum power can be less than Pcmax.
Inform RAN4 that while power headroom is calculated for PUSCH transmission without taking the MIMO power scaling factor s into account, since both the UE and the network are aware of the scaling factor s, they should should use it to adjust the power headroom to determine the power actually transmitted by the UE.
4 Conclusion
In this contribution, we consider the questions raised by RAN4 regarding differences in achieved maximum transmit power due to MIMO power scaling and the Pcmax reported by PHR.  We did not find concerns with these differences, and provide a proposed LS reply in [2].
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