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1	Background
[bookmark: _Hlk149936446]In last RAN meeting #103, the work packages for RAN4 led non-spectrum items for Release 19 were approved. Within theses, a phase 4 enhancement for FR1 and FR2 UE RF was approved [1]. For FR1, it introduces power class 1.5 for intra-band contiguous and non-contiguous ULCA. In this contribution, we discuss the architecture aspects and their limitations for supporting PC1.5 ULCA under unbalanced transmitted BW in each CC.
2 Discussion
2.1 WI description for PC1.5 intra-band ULCA.
The text below is the extraction of the FR1 intra-band ULCA part of the objectives in [1].
“High power UE (HPUE) for CA in terrestrial network (TN)
· Specify the generic requirements of high power UE (HPUE) for NR uplink (UL) CA in FR1 and EN-DC with NR FR1 bands
· Power class 1.5 (PC1.5) UE for NR TDD intra-band UL contiguous and non-contiguous CA with 2Tx
· Specify the requirements for intra-band UL contiguous CA with or without UL-MIMO
· Example band combinations: 
· CA_n41C, CA_n78C, CA_n77C, CA_n79C for intra-band uplink contiguous CA configurations
· Focus on the maximum output power (MOP), MPR/A-MPR requirements, SAR solution
· Specify the requirements for intra-band UL non-contiguous CA without UL-MIMO
· Example band combinations: 
· CA_n78(2A), CA_n77(2A) for intra-band uplink non-contiguous CA configurations
· Focus on the maximum output power (MOP), MPR/A-MPR requirements, SAR solution
· NOTE: leave the other band combination specific requirements to the corresponding Rel-19 basket Wis”

Observations:
· Both contiguous and non-contiguous ULCA are targeted
· Requirements should be specified with/without UL-MIMO
· One additional observation is that the support of P1.5 intra-band ULCA in one band should be based on already supporting PC1.5 with a single CC in the same band which means that 2Tx and TxD at a minimum should be supported.

Proposal: To support the mandatory 1CC fall back, a UE supporting contiguous or non-contiguous PC1.5 ULCA must support single CC PC1.5 in the same band and thus, support 2Tx with TxD as a minimum feature and UL MIMO optionally.

In this contribution, we will discuss the limitations that some architecture might have in supporting all allocation cases for PC1.5 intra-band ULCA.
2.2 Architecture aspects for PC1.5 intra-band ULCA.
The support of PC1.5 one CC is based on two PC2 PAs or as introduced for FWA four PC3 PAs. In any case, there is no PA that delivers 29dBm standalone thus 2Tx is default (TxD is de facto, and UL MIMO is optional). For the Release 19 PC1.5 intra-band ULCA case, we think it is fair to focus on the UE implementing 2Tx for 1CC PC1.5.
Proposal: the intra-band PC1.5 ULCA R19 work focusses on UE implementing intra-band ULCA PC1.5 this two 26dBm PAs.
For PC2 intra-band ULCA, two main architecture using one or two PAs were specified for PC2:
· For contiguous intra-band ULCA:
· One 26dBm PA supporting both CC
· Two 23dBm PAs with 2TX, each supporting both CCs
· One PA per CC with at least one 26dBm PA 
· For non-contiguous intra-band ULCA:
· One 26dBm PA supporting both CC with restrictions on maximum separation BW(200MHz) and gap size (<CC1+CC2 BW) but possibility to support UL MIMO
· Two 23dBm PAs with 2TX, each supporting both CCs with restrictions on maximum separation BW(200MHz) and gap size (<CC1+CC2 BW) but possibility to support UL MIMO
· One PA per CC with at least one 26dBm PA and no restriction on maximum separation bandwidth but UL MIMO cannot be supported.

For the one PA per CC case, the reason why at least one of the PA needs to support the maximum output power is that in the case that the RB allocation in one CC is of a larger BW than the other side with equal PSD, the larger TX BW has to exceed PCmax-3dB so that the sum reaches PCmax. In the extreme case where one 100MHz CC is fully allocated and the other one is 1RB, for equal PSD in each CC, the two CC power to reach PC1.5 would have to be:
· TXBW1=273*0.36MHz=98.28MHz, TXBW2=1*0.36MHz=0.36MHz
· PCC1=28.98dBm, PCC2=4.6dBm
· With PCC1=29+10*log(TXBW1/(TXBW1+TXBW2)) and PCC2=29+10*log(TXBW2/(TXBW1+TXBW2))

Observation: Some of the above cases cannot be extended to PC1.5 as they require at least one PA to supports 29dBm and are not compatible with the baseline architecture of single CC PC1.5 with two 26dBm PAs and 2Tx. 

For the contiguous case, since the UE already must support 2TX for the single CC it is not useful to support the other cases due to their limitations in reaching 29dBm.

Proposal on intra-band contiguous PC1.5 ULCA architecture: 
· Only the two 26dBm PA architecture using 2Tx as already needed for the 1CC fall back is specified. 
· Each PA must support the two CCs and TxD is default and UL MIMO is optional. 
· This has no restriction in terms of supporting the 200MHz maximum aggregated BW or allocation BW in each CC.

For the non-contiguous case, the issue is that the use of two 26dBm PAs with 2Tx, while beng the logical approach based on the one CC case, is far too limited in terms of allowed separation BW and gap, that it cannot support most of the n77/78(2A) cases. The one PA per CC 2x26dBm case can support any gap or separation BW but has limitations in terms of RB allocation BW imbalance and cannot support UL MIMO. Still, for Release 19 this is the most versatile approach, and the RB BW imbalance could be addressed with a specific MPR term.

Proposal on intra-band non-contiguous PC1.5 ULCA architecture: 
· Only the two 26dBm PA architecture using one PA per CC is specified. 
· A specific MPR term is added to account for the case where there is an imbalance between the two CC allocated RB BW and PC1.5 maximum power cannot be reached for large RX BW imbalances
· This has no restriction in terms of supporting 600MHz maximum separation BW or gap sizes.
· UL MIMO cannot be supported.
2.2 Accounting for RB allocation BW imbalance for PC1.5 intra-band non-contiguous ULCA.
Based on the above proposal, each CC is limited to 26dBm which means that in the case of RB BW imbalance and equal PSD, the CC with the largest RB BW is limited to 26dBm and the other CC is lower than 26dBm and thus the total is <29dBm.

The missing power can be calculated from the RB BW ratio:
· TXBW1=12*LCRB1*SCS1, TXBW2=12*LCRB2*SCS2
· For TXBW1 ≥ TXBW2, 
· PCmax=10*log(10^(26/10)+10^((26-10*log(TXBW1/TXBW2))/10))
· PCmax=10*log(10^(26/10)+10^((26-10*log(LCRB1*SCS1/LCRB2*SCS2))/10))

With this equation the maximum output power can be calculated for different RB allocation in each CC. In Table 1, we present the calculations for 30kHz SCS in each CC.

Table 1: PCmax versus LCRB ratio for SCS1=SCS2 and one 26dBm PA per CC
	LCRB1
	273
	273
	273
	273
	273
	273
	273
	273
	273
	273

	LCRB2
	1
	2
	4
	8
	16
	32
	64
	128
	256
	273

	RBBWratio
	273
	136.5
	68.25
	34.13
	17.06
	8.53
	4.27
	2.13
	1.07
	1

	PCmax
	26.0
	26.0
	26.1
	26.1
	26.2
	26.5
	26.9
	27.7
	28.9
	29.0



Observation: The RB BW ratio should be >4 to exceed PC2 significantly and this should be accounted for when scheduling the allocation in each CC.

Proposal: for R19 PC1.5 intra-band non-contiguous ULCA with two 26dBm PAs and one PA per CC, the 29dBm PCmax is modified as follows to account for RB BW imbalances: 
PCmax=10*log(10^(26/10)+10^((26-10*log(LCRB1*SCS1/LCRB2*SCS2))/10))
3 Conclusion
In this contribution, we discussed the limitations of the possible architectures for both contiguous and non-contiguous ULCA and present the following proposals.
Proposal: To support the mandatory 1CC fall back, a UE supporting contiguous or non-contiguous PC1.5 ULCA must support single CC PC1.5 in the same band and thus, support 2Tx with TxD as a minimum feature and UL MIMO optionally.

Proposal: the intra-band PC1.5 ULCA R19 work focusses on UE implementing intra-band ULCA PC1.5 this two 26dBm PAs.
Proposal on intra-band contiguous PC1.5 ULCA architecture: 
· Only the two 26dBm PA architecture using 2Tx as already needed for the 1CC fall back is specified. 
· Each PA must support the two CCs and TxD is default and UL MIMO is optional. 
· This has no restriction in terms of supporting the 200MHz maximum aggregated BW or allocation BW in each CC.

Proposal on intra-band non-contiguous PC1.5 ULCA architecture: 
· Only the two 26dBm PA architecture using one PA per CC is specified. 
· A specific MPR term is added to account for the case where there is an imbalance between the two CC allocated RB BW and PC1.5 maximum power cannot be reached for large RX BW imbalances
· This has no restriction in terms of supporting 600MHz maximum separation BW or gap sizes.
· UL MIMO cannot be supported.

Proposal: for R19 PC1.5 intra-band non-contiguous ULCA with two 26dBm PAs and one PA per CC, the 29dBm PCmax is modified as follows to account for RB BW imbalances: 
PCmax=10*log(10^(26/10)+10^((26-10*log(LCRB1*SCS1/LCRB2*SCS2))/10))
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