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1	Introduction
RAN4#98-e approved an WF [1] on NC UL CA PC2 evaluation assumptions and scenarios, where UE RF architectures to evaluate MPR/A-MPR are described. More specifically, there are following texts in [1].
· Other architecture options are limited to <3.3GHz bands (<200MHz BW) and need to be allowed for in gap exceptions. 
· They cannot be used as baseline but they can be further discussed
· A clear band example where exceptions are acceptable needs to be used. From PC3 discussions there was some level of consensus that it can only be for TDD band and if the affected channel belongs to the same operator. Following architectures would be applicable:
· 1x26dBm PA + 1LO with 200MHz BW
· 2x23dBm PA + 1LO with 200MHz BW
[bookmark: _Hlk58440727]This contribution discusses foreseeable challenges to proceed with specification development with 1LO architectures.
2	Discussion
In the next sub-sections, we discuss several challenges with 1LO architectures. 
2.1 Challenges on MPR evaluation 
The left figure in Figure 2.1-1 shows 1RB transmissions in each CC with 70 MHz gap, where the CCs have 10MHz and 40MHz width, respectively while the right figure shows corresponding case with 20MHz gap. Note that DC position is placed at Frequency offset zero position in the figure. Several conspicuous peaks are listed below.
Left Figure: Wider gap
· IMD3: At around -130MHz and 110MHz, general spurious emission limit violation
· LO leakage: At zero MHz, general SEM limit violation 
· Image: At around -30MHz, general spurious emission limit violation
Right Figure: Narrower gap
· IMD3: At around -85MHz and 65MHz, general spurious emission limit and general SEM, respectively
· LO leakage: At zero MHz, general SEM limit violation (the required limit is different from wider gap case)
· Image: At around -15MHz, general SEM limit violation
Given that general spurious emission requirement shall be satisfied, the MPR gating factor for wider gap case becomes the general spurious emission limit by an image at around -30MHz where the required MPR would be around 23dB. Note that the amount of the limit violation is 23dB(-7dBm - (-30dBm/MHz)) and to meet the -30dBm/MHz, exactly the same value corresponding to the exceed value is required due to one-to-one relation between the image and Tx power. That for narrower gap, however, is different from that for wider gap and it becomes the general SEM limit by an image at around -8 MHz, though IMD3 at around -50MHz would require fairly close power back-off for the image. The amount of MPR would be around 6 dB due to the image for the narrow gap.
Note that though the current specification allows “exception” when an image falls into sub-blocks, it is not clear what this exception allows as emission requirement. And this aspect will be treated in the next sub-section 2.2.
As described above, the gating factor changes according to the sub-block distance and the respective CC’s width. This makes MPR evaluation and defining MPR with reasonable granularity significantly complicated. And even if meeting general spurious emission was exempted, the tendency would be kept because SEM limit between sub-blocks changes according to the distance and the respective CC’s width.
Observation 1: MPR evaluation/development with 1PA/1LO would be more complicated than that with 2PA/2LO.
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Figure 2.1-1: wider gap (left) and narrow gap(right) cases between two CCs
Note: LO and image suppressions are -28 dBc and counter-IM3 suppression is -60 dBc. An applied PA calibration is 20MHz 15kHz 100RB@edge SC-FDMA QPSK MPR=1 waveform. 
2.2 Specification ambiguity
Rel-16 introduced PC3 UL intra band non-contiguous CA requirements, where some exceptions are allowed to accommodate 1PA/1LO architecture, though actual MPR/A-MPR based on that architecture has not been specified yet. Observation 2: Intra band UL non-contiguous CA requirements assuming 1PA/1LO architecture is not fully specified.
Regarding the exception, that for ACLR is quite clear that 3dB relaxation is allowed while that for SEM and general spurious emission would not be clear. The corresponding requirement for general spurious emission requirement is excerpted.
For the signalling is absent for dualPA-Architecture IE, if carrier leakage or I/Q image lands inside the gap spectrum between 2 UL CCs when UL CCs are synchronized with frequencies in the gap, exception to the general spurious requirement applies.
The above case applies to UEs whose architecture is at least NOT 2PAs. Hence, 1PA/1LO case follows this requirement. It is, however, not clear what requirements are applicable if general spurious emission requirement is exempted or not. If it meant no emission requirement for this case, it would indicate that any higher emission would be allowed. In order to better understand the real intent of this exception, we look back at a relevant WF for this and it seems that the exception would come from an WF of [2]. The below Figure 2.2-1 is an excerption of a slide mentioning general spurious emission handling in a gap in [2]. It says that No spurious requirement applies in the gap if Wgap < ∆FOOB1 + ∆FOOB2, otherwise only composite SEM. This former text is understandable since it is not possible to find any frequency range where general spurious emission applies if Wgap < ∆FOOB1 + ∆FOOB2. The latter text is, however, not possible to understand it since if Wgap ≥ ∆FOOB1 + ∆FOOB2, there must be a frequency range where general SEM cannot reach out. Apart from the interpretation of the current specification, general spurious emission requirement comes from regulations. RAN4 specifications allow some exceptions such that spurious emissions for UE co-existence uses normally -50dBm/MHz protection but in case harmonics hit that protection areas, still general spurious emission requirements apply. Hence, we believe it would worth discussing the meaning of the “exception” and how to handle it.
Observation 3: Exception on general spurious emission/SEM needs to be clarified with consideration of regulations.
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Figure 2.2-1: Agreement for general spurious handling in [2]
3	Conclusion 
Based on the above discussion, we obtained three observations and propose the followings. 
Observation 1: MPR evaluation/development with 1PA/1LO would be more complicated than that with Observation 2: Intra band UL non-contiguous CA requirements assuming 1PA/1LO architecture is not fully specified.
Observation 3: Exception on general spurious emission/SEM needs to be clarified with consideration of regulations.
Proposal: In case RAN4 develops PC2 intra band non-contiguous CA requirements, challenges to develop MPR requirements and re-consideration of exception for general spurious emission/SEM should be considered.
4	References
[1] R4-2103371, Way forward on NC UL CA PC2 evaluation assumptions and scenarios, Skyworks
[2] R4-2005660, WF on intra-band UL non-contiguous CA general requirements, KDDI, Skyworks, Qualcomm, Huawei



image1.png
Power in dBm

Transmit spectrum

cc BW Clus S_CRB L_CRB  SCS MA Mod
1 1oMEz 1 51 1 1SkHz OFDMA QPSK
2 4MEz 1 S0 1 15kHz OFDMA QPSK

Tx Freq: 1.95GHz Total power = 26.0dBm
ACLR = 2778 SEM:
Rel16/CA/Gen/10MHz,
40MHz
SEMmargin ()= -11.0d8
Spurious margin (+) = -32.2d8
Power@30kHz
30 . ——— Power@1MHz
Todrs ——— Rel16/CA/Gen/10MHz, 40MHZ
20t — Rel16/CA/Gen/10MHz, 40MHz - spur
violtion due to IMD3 Generalspurious
L Violation due to mage
0 and LO leakage -
0
10
20
-30 40MHz

-40
-150 -100 -50 100 150
Frequency offset (from 1 95GHz) inMHz





image2.png
Power in dBm

Transmit spectrum

cc BW Clus S_CRB L_CRB  SCS MA Mod
1 10MEz 1 51 1 15kHz OFDMA QPSK
2 4MHz 1 S0 1 15kHz OFDMA QPSK
TxFreq: 1.95GHz Total power = 26.0dBm
ACLR = 24108 SEM:
Rel16/CA/Gen/10MHz,
40MHZ

30

20

79d105*

jolat

SEMmargin  (x)=-14.8d8
Spurious margin (+) = -31.908

Power@30kHz
——— Power@1MHz

= Rel16/CA/Gen/10MHz, 40MHz
* Rel16/CA/Gen/10MHz, 40MHz - spur

jon due to IM

EM violation

o s | | owe |
I I O

Wl

40
-100

-80

60 40 20 0 20 40 60
Frequency offset (from 1.95GHz) in MHz

80 100





image3.png
WF of spurious emission

* The spurious emission limits apply for the frequency ranges that
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