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1. Introduction
In RAN#96e, a revised WID [1] for Rel-18 WI “Further NR Coverage Enhancements” was approved with the following objectives related to RAN1 WG: 
	· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.
·  Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)



In this contribution, we discuss about power domain enhancements.
2. Discussion
2.1 Enhancements for increasing UE power high limit for CA and DC
Here we have tried to observe RAN4 specifications regarding high power transmission in a single band and across multiple bands (i.e., CA/DC and Tx switching). 
Regarding maximum transmit power in a single band, RAN4 specifies maximum transmit power per power class (PC) in e.g., Table 6.2.1-1 of 38.101-1 [2]. There are currently four PCs in FR1, among which power class 3 (PC3) is considered default PC that is defined for any band. For PC3 UE, maximum transmit power is defined as 23 dBm. The value of 23 dBm partially comes from the compliance with SAR; i.e., even if a device keeps its transmission in a certain period with transmit power of 23 dBm, it can still meet SAR restriction in general. This is a reason why PC3 is defined in any band regardless of duplex mode (FDD/TDD/SUL). 
In the meanwhile, there are some bands (both FDD and TDD) where PC(s) other than PC3 are defined. In n78, for example, PC1.5 and PC2 are defined, with which UE is capable of performing its transmission with at most 29 and 26 dBm, respectively. Such UE is called as “high power UE (HPUE)”. However, it is the fact that long-term (e.g.,  always-on) transmission with such higher transmit power may not satisfy SAR restriction. Therefore, the usage of such high power is restricted by some conditions as specified in 6.2.1 of [2] as follow:
	If a UE supports a different power class than the default UE power class for the band and the supported power class enables the higher maximum output power than that of the default power class:
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 50% (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is not absent and half the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC1dot5-MPE-FR1 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or
-	if the IE P-Max as defined in TS 38.331 [7] is provided and set to the maximum output power of the default power class or lower;
-	shall apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in clause 6.2.4;
-	else if the UE does not support a power class with higher maximum output power than PC2; or
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 25% (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 0.5*maxUplinkDutyCycle-PC2-FR1 (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC1dot5-MPE-FR1 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or
-	if the IE P-Max as defined in TS 38.331 [7] is provided and set to the maximum output power of the power class 2 or lower;
-	shall apply all requirements for power class 2 to the supported power class and set the configured transmitted power as specified in clause 6.2.4;
-	else shall apply all requirements for the supported power class and set the configured transmitted power as specified in clause 6.2.4.





In short, our understanding on the above specification is as follows:
1. As per yellow-highlighted parts, UE needs to consider “the percentage of uplink symbols transmitted in a certain evaluation period” to determine whether transmit power larger than 23 dBm (i.e., larger class than PC3) is available or not. The target for comparison with the percentage can be configured in RRC, or considered as 50% in case of no relevant RRC configuration. 
1. As per cyan-highlighted parts, UE needs to consider “the percentage of uplink symbols transmitted in a certain evaluation period” as well to determine whether transmit power larger than 26 dBm (i.e., larger class than PC2) is available or not. The target for comparison with the percentage can be configured in RRC, or considered as 25% in case of no relevant RRC configuration. 
1. As per the text “The exact evaluation period is no less than one radio frame”, the exact evaluation period is up to UE implementation with a clear minimum duration of one radio frame (i.e., 10 ms). 

Observation 1: Per RAN4 specification, availability of higher transmit power than 23 dBm in a band depends on “the percentage of uplink symbols transmitted in a certain evaluation period”
· The exact duration of certain evaluation period is up to UE implementation

Regarding maximum transmit power across multiple bands (i.e., CA/DC), RAN4 specifies similar approach to the one in a single band. For CA, Table 6.2A.1.1-1, Table 6.2A.1.2-1 and Table 6.2A.1.3-1 in [2] are specified for intra-band contiguous CA, intra-band non-contiguous CA, and inter-band CA, respectively. For NR-DC, only Table 6.2B.1.3-1 in [2] is specified for inter-band NR-DC. Similar tables are also defined for EN-DC in [3]. 
In Rel-16, the allowed maximum transmit power for any CA/DC case was actually quite limited. For example, in case of inter-band CA where a power amplifier is likely to be implemented per band, the maximum output power is at most 23 dBm across the relevant bands. It results in per-band maximum transmit power equal to or less than  where N is the number of aggregated bands, despite the fact that PA for each band can transmit at most 23 dBm (or even larger in case higher PC is supported). Due to this, UL CA/DC transmission has not been very practical in the real deployment so far. 
The issue above was resolved from RAN4 perspective based on Rel-17 WI on “Increasing UE power high limit for CA and DC”. Based on the outcome of this WI, for particular cases of CA/DC (i.e., inter-band CA and inter-band EN-DC), maximum transmit power across the bands can be the summation of the maximum output power values for the aggregated bands. Below is an example from the relevant specification in [2]: 
	[bookmark: _Toc21344272][bookmark: _Toc29801758][bookmark: _Toc29802182][bookmark: _Toc29802807][bookmark: _Toc36107549][bookmark: _Toc37251315][bookmark: _Toc45888121][bookmark: _Toc45888720][bookmark: _Toc61367365][bookmark: _Toc61372748][bookmark: _Toc68230689][bookmark: _Toc69084102][bookmark: _Toc75467111][bookmark: _Toc76509133][bookmark: _Toc76718123][bookmark: _Toc83580433][bookmark: _Toc84404942][bookmark: _Toc84413551]6.2A.4.1.3	Configured transmitted power for Inter-band CA
[…]
For uplink inter-band carrier aggregation with one serving cell c per operating band when same slot symbol pattern is used in all aggregated serving cells,
	PCMAX_L = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass.c/(MAX(mprc·∆mprc, a-mprc)·tC,c ·tIB,c·tRxSRS,c) , pPowerClass,c/pmprc], PEMAX,CA, PPowerClass,CA-ΔPPowerClass, CA}
	PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA, PPowerClass,CA-ΔPPowerClass, CA}
where
-	pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7];
-	PPowerClass,CA is the maximum UE power specified in Table 6.2A.1.3-1 without taking into account the tolerance specified in the Table 6.2A.1.3-1; If the UE indicates [HigherPowerLimitCADC] for an eligible CA configuration as specified in Table 6.2A.1.3-1 and ΔPPowerClass, CA = 0, PPowerClass,CA is replaced by 10 log10 ∑ pPowerClass,c.
-	pPowerClass,c is the linear value of the maximum UE power for serving cell c specified in Table 6.2.1-1 according to [powerClassPerBand] if indicated or ue-PowerClass otherwise without taking into account the tolerance; 
-	ΔPPowerClass,CA = 3 dB for a power class 2 capable UE when the requirements of default power class are applied as specified in sub-clause 6.2.A.1.3; otherwise ΔPPowerClass, CA = 0 dB;  
[…]



However, as described by the yellow-highlighted part of 6.2A.4.1.3 in [2] above, such a summed transmit power is actually available only when a certain condition has met, that is, ΔPPowerClass, CA = 0. Determination of ΔPPowerClass,CA is described in cyan part above, according to which it could be 3 dB when the requirements of default power class are applied as specified in subclause 6.2.A.1.3 in [2]. The corresponding part is copied below:
	[bookmark: _Toc61367346][bookmark: _Toc61372729][bookmark: _Toc68230670][bookmark: _Toc69084083][bookmark: _Toc75467092][bookmark: _Toc76509114][bookmark: _Toc76718104][bookmark: _Toc83580414][bookmark: _Toc84404923][bookmark: _Toc84413532]6.2A.1.3	UE maximum output power for Inter-band CA
[…]
If a UE supports a different power class than the default UE power class for the band combination listed in Table 6.2A.1.3-1 and the supported power class enables the higher maximum output power than that of the default power class:
–	if the field of UE capability maxUplinkDutyCycle-interBandCA-PC2 is not absent and the average percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-interBandCA-PC2 as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); or
–	if the IE P-Max as defined in TS 38.331 [7] is provided and set to the maximum output power of the default power class or lower;
–	shall apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in clause 6.2A.4;
–	else;
–	shall apply all requirements for the supported power class and set the configured transmitted power as specified in clause 6.2A.4 (regardless of the average percentage of uplink symbols if the field of UE capability maxUplinkDutyCycle-interBandCA-PC2 is absent).
The average percentage of uplink symbols is defined as 50%  ( DutyNR, x /maxDutyNR,x + DutyNR, y /maxDutyNR,y, ). DutyNR, x, DutyNR, y represent the actual percentage of uplink symbols transmitted in the same evaluation period (The exact evaluation period is no less than one radio frame) for NR Band x, NR Band y respectively; maxDutyNR,x, maxDutyNR,y represent the field of UE capability maxUplinkDutyCycle-PC2-FR1 per band as defined in TS 38.331.  For NR Band x or NR Band y, 
–	if power class of one or both of the bands within the band combination is power class 2 and the corresponding UE capability maxUplinkDutyCycle-PC2-FR1 is absent;
–	the corresponding maxDutyNR,x or maxDutyNR,y is equal to 50%;
–	else if the band is configured with power class 3;
–	the corresponding maxDutyNR,x or maxDutyNR,y is equal to 100%.




Based on the quote from 6.2A.1.3 in [2] above, whether to apply the requirements for the default PC or the supported PC seems to be dependent on “the average percentage of uplink symbols transmitted in a certain evaluation period”, which we think is quite similar to the approach to determine whether high power transmission is possible or not in a single band, as observed in Observation X. It means, depending on “the average percentage of uplink symbols transmitted in a certain evaluation period”, UE may or may not be able to perform inter-band CA and inter-band EN-DC with the summation of maximum transmit powers for the aggregated band. 
Observation 2: Per RAN4 specification in Rel-17, maximum transmit power for inter-band CA and inter-band EN-DC can be the summation of the maximum output power values for the aggregated bands
· It depends on the similar condition to the one considered for availability of higher transmit power than 23 dBm in a band (i.e., the average percentage of uplink symbols transmitted in a certain evaluation period”). 

Moreover, as described in 6.2A.4.1.3, the lower bound of PCMAX range can be affected by P-MPR as well. P-MPR is also unknown to NW especially in FR1. Thus, even if time-domain conditions above are satisfied, it may not be possible for UE to perform high power CA/DC transmission. 
Observation 3: The lower bound of PCMAX range can be affected by P-MPR, which is also unknown to gNB

Based on the quotes and observations, although maximum transmit power for inter-band CA/EN-DC has clearly been extended, when we consider the real NW deployment and operation, it may still be a bit difficult to effectively use such higher power for inter-band CA/EN-DC. The reason is that, as discussed above, the exact duration of a certain evaluation here is determined by the UE, and there is no way for gNB/NW to understand it in the current specifications. For UL transmission in a single band, it may not be problematic; however, for inter-band CA/EN-DC, this issue can be very serious since whether higher transmit power is actually available for an inter-band CA/EN-DC transmission has a large influence on the benefit of the whole inter-band CA/EN-DC operation in our view. For example, if higher transmit power is not available, it would generally be better just to avoid performing such CA/DC transmission itself, rather only UL transmission in a single band should be scheduled. Meanwhile, if higher transmit power is available, we believe it would be crystal clear that CA/DC transmission is very beneficial since it can boost traffic capacity per time-domain uplink resources, without any issue due to the lack of transmit power per band. This handling is generally considered for cell-edge UEs as the limit of power per CC has larger impact when larger pathloss is assumed. Meanwhile, as described above, the case of “higher transmit power is not available” will happen due to a number of other conditions as well, e.g., actual time-domain UL resource utilization, MPE, etc. 
Observation 4: Due to the following conditions, from NW/gNB perspective, it is invisible whether a UE can perform simultaneous multi-CC UL transmission with Rel-17 RAN4 enhancement on maximum transmit power limit
· Actual time domain UL resource utilization by the UE
· MPE

Here we have tried to compare the system performance between when NW/gNB can identify whether Rel-17 RAN4 CA/DC transmit power enhancement is fully utilized or not by a UE, and when not. First, we have defined the following cases, assuming UL transmission in CC#1 and/or CC#2:
· Case 1) NW/gNB doesn’t configure simultaneous UL transmissions across CCs (assuming up to default power, i.e., 23 dBm, is available for the whole two CCs), instead, it configures UL transmission within a single CC only per time instance with up to 23 dBm
· Note: This is one of the conventional operations when the rack of power for simultaneous UL transmissions across multi-CC is assumed (e.g., when pathloss is larger, or due to UL resource utilization or MPE for Rel-17 high-power limit for CA/DC)
· Case 2) NW/gNB configures simultaneous UL transmissions across CCs with default transmit power, i.e., 23 dBm
· Note: This is also an conventional operation, which happens when simultaneous UL transmissions across multi-CC is performed but the total transmit power is not extended as much as increase of CCs. 
· Case 3) NW/gNB configures simultaneous UL transmissions across CCs with high transmit power (e.g., summation of the maximum transmit power for each CC, here we set 26 dBm)
· Note: this is possible only if gNB has knowledge that shows the UE is exactly able to perform simultaneous UL transmissions with the enhanced transmit power, especially for cell-edge UE

Basically, in terms of performance, case 1 and case 3 has no difference, except that case 1 needs different timie instance between CC#1 and CC#2 for UL transmission, while case 3 doesn’t require such limitation. In other words, case 3 can be regarded as better than case 1 in terms of UL resource efficiency. 
Between case 2 and case 1/3, we believe there is a clear difference in terms of performance, which has been evaluated this time. The evaluation assumption has been described in Annex. Basically, we have evaluated the performance on simultaneous UL transmissions across two CCs (CC#1 and CC#2), while different transmit power per CC is considered (20 dBm for case 2, and 23 dBm for case 3). 
The following table shows the results of comparison in terms of user packet throughputs between the two cases. 
Table 2.1-1 UPT performance results for Case 2 and Case 1/3
	
	User packet throughput [Mbps]

	
	Case 2
	Case 1/3

	Low RU
	Average
	154
	178.52

	
	5%
	4.3585
	5.89

	Mid RU
	Average
	138.16
	151.15

	
	5%
	3.2374
	3.73

	High RU
	Average
	133.98
	142.79

	
	5%
	2.8949
	3.20



The results are also depicted as follows:
6.5 – 15.9 % gain

Figure 2.1-1 Averaged UPT comparison between Case 2 and Case 1/3


Figure 2.1-2 5% UPT comparison between Case 2 and Case 1/3

As shown above, case 3/1 shows 6.5 – 15.9 % gain and 10.5 – 35.1 % gain in terms of averaged UPT and 5 % UPT, respectively, compared with case 1. Based on above, even from the whole deployment perspective, case 1/3 outperform case 2 in terms of throughput. Here Rel-17 RAN4 enhancement on CA/DC transmit power limit intends to achieve case 3, even for UEs around cell edge. However, it should be known that NW cannot assume case 3 can be operated even for such a UE (due to the factors captured in Observation 4), and if case 3 is not  possible, NW/gNB has to determine either of intentionally avoiding multi-CC usage simultaneously, with the  sacrifice of UL resource efficiency, or continue simultaneous multi-CC usage, properly to maximize the performance. This “proper determination”  is currently impossible, due to the lack of knowledge at NW/gNB side. 
Observation 5: Due to some invisible factors captured in Observation 4, the NW/gNB cannot properly determine whether simultaneous UL transmissions across multiple CCs should be performed or not
· If simultaneous UL transmissions across multiple CCs should be performed while NW/gNB doesn’t configure it,  then UL resource efficiency would decrease
· If simultaneous UL transmissions across multiple CCs should NOT be performed while NW/gNB configures it,  then UL throughputs would decrease

To resolve the issue above, we believe it would be very helpful if UE can report the exact availability of higher transmit power for a certain inter-band CA/EN-DC transmission, so that gNB can choose proper configuration for UL scheduling. Otherwise, the benefit of Rel-17 RAN4 WI outcome may not be maximized in practice. For example, PHR can be enhanced so that a UE can report whether higher transmit power for CA/DC is possible in a certain time-domain occasion or not. 
Proposal 1: RAN1 to study a method for UE to report the exact availability of higher transmit power for inter-band CA/EN-DC UL transmission

Note that, as per the agreement in previous RAN1 (e-)meetings, RAN1 may need to wait for an input from RAN4 regarding this issue. Meanwhile, RAN4 sent an LS [4] which refers to the summary of ways forward agreed in RAN4 in February. The summary captures two topics, among which we think Topic#2 would be largely related to the discussion in RAN1. 
	Topic #2: Enhancement for SAR issue mitigation 
Issue 3: Whether to continue the discussion for SAR mitigation issue in RAN4
<Recommended WF>
1. FFS whether to consider enhancement for SAR mitigation issue in RAN4.
0. The behaviour of gNB scheduler should be considered when the issue is discussed.

Issue 4: Whether PHR reporting should be considered for a carrier that is configured for DL but not for UL (no active UL BWP)
<Recommended WF>
1. Further clarification would be required to justify the necessity to introduce PHR reporting for the carrier that is configured for DL but no UL (no active UL BWP) for coverage enhancement purpose.
1. The difference between SRS carrier switching and the proposed scheme should be clarified.

[bookmark: _Hlk119546542]Issue 5: Whether and how PHR reporting enhancement should be considered for FR1 carriers
<Recommended WF>
1. RAN4 discussion will focus on the following solutions that have been proposed in this meeting:
0. Power class fallback ΔPPowerClass with aperiodic PHR. 
0. [bookmark: _Hlk134804988]Report power-class fallback ΔPPowerClass in the PHR per serving cell, any power-class change, fallback or return to declared power class, should trigger an aperiodic PHR. This also includes FDD PC2.
0. Report power-class fallback ΔPPowerClass,CA in the multi-entry PHR for the BC; any BC power-class change, fallback or return to advertised BC power class, should also trigger an aperiodic PHR.
0. For EN-DC report power-class fallback ΔPPowerClass,EN-DC in the multi-entry PHR for the BC.
0. Power class being used by the UE. Because reporting ΔPPowerClass must be a huge burden for both UE and network.
1. For single band HPUE operation, PC being used by a UE must be able to be reported per serving cell.
1. For UL inter band CA HPUE operation, PC being used by a UE must be able to be reported per serving cell per band within a band combination as well as CA PC being used CA for the band combination itself.
0. The sustainable duty cycle over a certain duration that would prevent triggering a power class fallback at the UE, as well as period of applicability of the ∆PPowerClass report.
0. Introduce a scheme for a UE to report uplink symbol evaluation period and starting timing.
0. Enhance the current power headroom reporting framework to enable P-MPR reporting (via MPE field) for FR1 carriers.

Issue 6: Other proposal
<Recommended WF>
1. Encourage companies to check the discussion progress in RAN1 then decide whether to further discuss the energy headroom report in RAN4 with more clarification.




In our understanding, issue 3 is a higher-level discussion, while the other issues discuss detailed solutions. “SAR mitigation issue” captured in issue 3 is exactly what is described in this specification earlier. Whether/how to solve that issue is discussed in RAN4, together with some examples captured in issue 4, 5 and 6. 
Among the three issues (4, 5, 6), issue 5 is more related to RAN1 discussion so far. This touches upon a reporting of some parameters determining PCMAX, such as ΔPPowerClass, duty cycle related information and P-MPR. In fact, RAN1 agreed the following which includes them already. 
	Agreement
Further discussions in RAN1 concerning means to facilitate higher power transmissions in CA and DC, if applicable, can target increasing gNB awareness of UE’s Tx power, e.g., PHR reporting enhancement such as current power class, power class change, or application of P-MPR by UE (subject to RAN4’s input). 
· FFS: details.




According to the summary referred to in RAN4 LS, it seems RAN4 is willing to continue the discussion on issue 5 more. Meanwhile, as can be seen, solutions captured in issue 5 are generally the reports of information, for which how to report and/or when to report (i.e., details of reporting mechanisms, not the metrics) may need to be further discussed. We believe such aspects need some involvements from RAN1 since RAN4 may not be ready to discuss them from system perspective. Although we understand RAN4 is still under discussion on metrics, we hope RAN1 also continue the discussion in this e-meeting. 
Considering above, RAN1 discussed this issue in RAN1#112bis-e with somewhat broader scope, however, no conclusion was made. Since the end of Release is approaching, it should be considered to narrow down the scope further. Our suggestion is that, based on RAN1 agreements so far, to focus on enhanced PHR reporting, which carries one of the following:
· deltaPpowerclass (or, power class fallback)
· current power class (or requirements which the UE is following at a time)
· P-MPR
Note that, we understand RAN4 is anyway the responsibility to specify something in the specification. Therefore, the maximum result will be to send an LS to RAN4 regarding RAN1 assessment from system perspective. 

Proposal 2: RAN1#113 to discuss, and inform RAN4 of, benefits/validities of the following candidate solutions for PHR enhancements:
· ΔPPowerClass
· Current power class
· P-MPR

3. Conclusion
Observation 1: Per RAN4 specification, availability of higher transmit power than 23 dBm in a band depends on “the percentage of uplink symbols transmitted in a certain evaluation period”
· The exact duration of certain evaluation period is up to UE implementation

Observation 2: Per RAN4 specification in Rel-17, maximum transmit power for inter-band CA and inter-band EN-DC can be the summation of the maximum output power values for the aggregated bands
· It depends on the similar condition to the one considered for availability of higher transmit power than 23 dBm in a band (i.e., the average percentage of uplink symbols transmitted in a certain evaluation period”). 

Observation 3: The lower bound of PCMAX range can be affected by P-MPR, which is also unknown to gNB

Observation 4: Due to the following conditions, from NW/gNB perspective, it is invisible whether a UE can perform simultaneous multi-CC UL transmission
· Actual time domain UL resource utilization by the UE
· MPE

Observation 5: For cell-edge UEs, Rel-17 RAN4 enhancement on CA/DC transmit power limit can achieve around 60% packet throughput gain. 
· However, due to some invisible factors captured in Observation 4, the NW/gNB configuration (to achieve such gain with Rel-17 RAN4 enhancement) is not possible for the UEs

Proposal 1: RAN1 to study a method for UE to report the exact availability of higher transmit power for inter-band CA/EN-DC UL transmission

Proposal 2: RAN1#113 to discuss, and inform RAN4 of, benefits/validities of the following candidate solutions for PHR enhancements:
· ΔPPowerClass
· Current power class
· P-MPR
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Appendix
Table A-1: Evaluation assumption
	Parameter
	Value

	Frequency
	3.5 GHz for CC#1, 4.5 GHz for CC#2

	Maximum transmit power
	23 dBm per CC for Case 1/3, 20 dBm for Case 2

	Bandwidth
	20MHz (per CC)

	SCS
	30 kHz

	Scenario
	UMa (ISD = 500 m)

	Channel model
	38.901

	BS antenna structure and TXRU
	128Tx/Rx = (M,N,P,Mg,Ng) = (8,8,2,1,1), (dH,dV) = (0.5, 0.8)λ.
TXRU: 32TXRU=(Mp,Np,P,Mg,Ng) =(2,8,2,1,1)

	UE antenna structure and TXRU
	4Tx/Rx = (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, 0.5)λ
TXRU: 4TXRU=(Mp,Np,P,Mg,Ng)=(1,2,2,1,1)

	CSI-T
	One analog beam at both BS and UE side + SVD precoding

	Channel estimation
	real

	Scheduling
	Subband PF

	MIMO receiver (CSI/data)
	MMSE-IRC

	Traffic model
	FTP model 3: Packet size 500KB, RU= 20%   50%   70%

	Number of average UEs per macro sector
	10

	Subband number
	10

	gNB receiver noise figure
	5dB

	UE mobility
	100% Outdoor, 3Km/h

	Modulation
	Up to 256QAM  

	Layer mapping
	NR

	TDD frame structure Duplex
	DSUUD  FDD UL

	Power control
	Open loop, alpha = 0.6, P0 = -60 dBm  

	Metric
	UL mean-user throughput, 5%-ile and 95%-ile UPT



Averaged UPT

Low RU	Case 2	Case 3/1	154	178.52	Mid RU	Case 2	Case 3/1	138.16	151.15	High RU	Case 2	Case 3/1	133.97999999999999	142.79	



5% UPT

Low RU	Case 2	Case 3/1	4.3585000000000003	5.89	Mid RU	Case 2	Case 3/1	3.2374000000000001	3.73	High RU	Case 2	Case 3/1	2.8948999999999998	3.2	
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