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Introduction
[bookmark: _Hlk115189237]In RAN4#108, the ULCA CA_n48(2A) configuration issues with NS_27 was discussed in [1] which was not treated due to lack of time. With Band 48 being subject to the very tough NS_27 OOB emissions, this UL configuration is likely to require significant A-MPR, which may make this non-contiguous intra-band ULCA configuration worse than a single band n48 UL CC. In this contribution, we further discuss this issue, so that experts and proponents decide on the opportunity to specify such case. 
Discussion
[bookmark: _Hlk131970415]NS_27 requirement
Band 48 is subject to very strict OOB emissions in the US which is covered by NS_27. If the SEM mask of Table 6.2A.2.3.2.1-1 does not require additional back off compared to MPR, the -40dBm/MHz OOB requirement at 20MHz from the band edges is one of the stricter band-specific requirements and large A-MPR is required to meet such emissions for the basic DFT-s-OFDM QPSK waveforms:
· Up to 10.5dB A-MPR for band n48 UL up to 40MHz BW outer allocation
· Up to 11.5dB A-MPR for CA_n48B UL up to 40MHz aggregated bandwidth and contiguous allocations. Even if IMD3 of contiguous allocation can fall into the -40dBm/MHz region and due to the contiguous nature, it is already at relatively low PSD.
· Up to 22dB A-MPR for CA_n48B UL up to 40MHz aggregated bandwidth and non-contiguous allocations where their IMD3 falls into the -40dBm/MHz region.
· All of the above assume a single PA implementation.

For n48B, the A-MPR is already very high, but there are many non-contiguous allocations where IMD5 falls into the -40dBm/MHz region and can benefit from lower A-MPR compared to those where it is IMD3, which requires the largest A-MPR. Also, this IMD3 issue only appears for aggregated bandwidths that are > 20MHz. All in all, there are enough channels and RB allocations for which UL CA_n48B makes sense.

For UL CA_n48(2A), whatever the channel bandwidths, IMD3 of the two CCs allocation falling into the -40dBm/MHz region will be the more likely case:
· Any channel separation that is equal to the distance of the closest RB allocation to the band edge + 20MHz results in IMD3 in the worst OOB emission region.
· RB Allocations tend to be smaller thus higher PSD.
· Figure 1 illustrates some of these many IMD3 cases for 20, 30 and 40 MHz aggregated bandwidth and 2x20MHz RB allocation and 1 IMD5 case for 20MHz aggregated and fully allocated. Please note, that the IMD spectrum is wider than illustrated so may fall in the -40dBm/MHz region at further distance from the band edge.

[image: ]
Figure 1: Illustration of a few CA_n48(2A) cases and their IMDs versus the NS_27 OOB requirement



Observations: 
· With CA_n48(2A) UL, many CC and RB allocations will require the largest A-MPR due to IMD3 falling in the -40dBm/MHz which if one PA is used will result in >20dB A-MPR.
· With such A-MPR a single UL CC will allow much better MCS and probably perform better.
· A two PA architecture may result in slightly lower A-MPR, but will be still significant (see NS_04 for n41(2A) with two PAs and only -25dBm/MHz OOB case)
· Similar to NS_04 for CA_n41(2A) equations can be designed to set IMD3 and IMD5 related A-MPR.
PA architecture
For non-contiguous ULCA MPR, there are multiple sets for 1PA or 2PAs architecture and PC3/PC2 which are designed around IMD3 and IMD5 positions versus the SEM and spurious emissions.
The 1PA architecture has multiple restrictions though:
· Only works for cases where the gap between the CCS is smaller than the largest CC
· Only works for CC1+gap+CC2 bandwidth <200MHz.
The two architecture PA has more flexibility:
· No limitation in gap size
· CC1+gap+CC2 bandwidth can be up to 600MHz, but is not really limited
· But, if two PAs are used for CA, they cannot be used for UL MIMO unless they have the same restrictions than 1PA.
Given that band n48 is 150MHz wide and the 1PA restrictions on the gap will not allow a gap larger than 30MHz for a 10+30MHz case, it may be very restrictive. At the same time, if a two PA solution may allow full flexibility in 10MHz channel placements and gap sizes, the cases with large gaps will most likely see the largest A-MPR and thus not be useful.
Observation: Although a two PA architecture is more suited for n48(2A), it is not clear that it will offer much more “viable” channel allocations than a 1PA case. However, 2PA approach covers UL MIMO or NC ULCA but not simultaneously and is consistent with the band n77 architecture.
Proposal: If specified, UL n48(2A) NS_27 A-MPR is evaluated using the 2PA architecture.
Bandwidth separation class
Since the band is 150MHz wide, the 100 and 200MHz bandwidth separation classes are applicable. However, limiting the specification of CA_n48(2A) to the 100MHz bandwidth separation class would allow to simplify the A-MPR studies:
· The -40dBm/MHz strict requirement only applies 20MHz below the band n48
· With 100MHz bandwidth separation class, any case where the gap between the lower band edge and the first CC lower edge is > CC1BW+CC12gap+CC2BW-20 does not suffer from IMD3 falling into the -40dBm/MHz OOB emissions requirement and IMD5 may already meet it since MPR would guarantee that IMD3 is < -30dBm/MHz and thus IMD5 may be 10dB lower. 
Proposal: If specified, UL n48(2A) NS_27 A-MPR is evaluated for bandwidth separation class of 100MHz and 200MHz to seek for simplifications of A-MPR regions. A-MPRCA_IM3 for -40dBm/MHz is evaluated.
Proposal: Based on A-MPRCA_IM3 for -40dBm/MHz evaluation outcome, the performance is compared with contiguous or single CC case to establish if this UL configuration is worth specifying.
Conclusions
In this contribution, we illustrated the issues with CA_n48(2A) and the NS_27 OOB requirements, discussed the 1PA and 2PA architecture and made the following observations and made some proposals to evaluate the usefulness of such UL configuration and minimize the effort.

Proposal: If specified, UL n48(2A) NS_27 A-MPR is evaluated using the 2PA architecture.
Proposal: If specified, UL n48(2A) NS_27 A-MPR is evaluated for bandwidth separation class of 100MHz and 200MHz to seek for simplifications of A-MPR regions. A-MPRCA_IM3 for -40dBm/MHz is evaluated.
Proposal: Based on A-MPRCA_IM3 for -40dBm/MHz evaluation outcome, the performance is compared with contiguous or single CC case to establish if this UL configuration is worth specifying.
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