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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
The first objective captured in WID [1] is enhancements for increasing UE power high limit for CA and DC based on Rel-17 RAN4 WI on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations. 
Firstly, we think the objective is still unclear, especially for RAN1 work. In fact, there was a discussion in RAN#96e to clarify the exact target in RAN1, but such clarification was eventually dropped. However, as the TU for this WI is limited, we believe RAN1 should have a well-focused target for its work in this WI. Our suggestion in this e-meeting is to collect companies’ views on the details of issues that RAN1 needs to be involved, and potentially solutions to resolve them. 
Proposal 1: Clarify the objective more to have a well-focused target for RAN1 work

To identify whether there is an issue, here we have tried to observe RAN4 specifications regarding high power transmission in a single band and across multiple bands (i.e., CA/DC). 
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 keep 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 perform 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”). 

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 may be better just to avoid performing such CA/DC transmission itself, rather different UL transmission in different band in different time-domain occasion 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 so well without any issue due to the lack of transmit power per band. 
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. 
Proposal 2: RAN1 to study a method for UE to report the exact availability of higher transmit power for inter-band CA/EN-DC UL transmission

2.2 Enhancements to reduce MPR/PAR
Another objective is to study enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation. 
In our view, what RAN1 can be involved is whether to support spectrum extension and tone reservation. Discussion on frequency domain spectrum shaping (FDSS) is totally RAN4 responsibility. For RAN1 discussion, we are currently not sure how much spectrum extension for DFT-S-OFDM or tone reservation is needed explicitly. Given that the amount of TU is very limited for this WI, unless a large gain is evaluated, we think it would be fine for RAN1 not to discuss anything regarding this topic, and to prioritize the other sub-agendas, such as PRACH coverage and dynamic waveform switching. 
Proposal 3: Unless a large gain is evaluated, no need for RAN1 to discuss on spectrum extension or tone reservation in Rel-18


3. Conclusion
Proposal 1: Clarify the objective more to have a well-focused target for RAN1 work
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”). 
Proposal 2: 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 3: Unless a large gain is evaluated, no need for RAN1 to discuss on spectrum extension or tone reservation in Rel-18
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