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Introduction
During TSG-RAN WG4 Meeting #93 meeting, a way forward [1] was approved, in which no objection was raised to introducing a footnote in the channel bandwidth Table 5.3.5-1 (TS 38.101-1) to clarify the restrictions inherent to legacy Band 28 UE RF-Front-end dual duplexer architectures. This paper provides a text proposal for TR 38.888 [3].
Discussion
Background Information
In previous contribution [4], experimental measurements validated the concept of extending the 0dB MPR “Region 1” to a new inner 3 RB allocation triangle as shown in Figure 1 below. At RAN4 # 92bis, these findings were confirmed by exhaustive simulation results [5,6].
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Figure 1: DFT-S-OFDM measured test points (cells filled in orange with black dot) vs Edge allocation (yellow filled ‘E’), MPRnarrow (blue filled ‘N’) vs actual (Release-15) 0dB MPR inner Region 1 allocation (light green filled ‘R1’ cells within red contour) vs new inner 1/3 0dB MPR Region 1 extension proposal [2] (light green filled ‘R1’ cells within black contour) vs LCRB vs RBstart for the example of PC3 operation at 100MHz channel bandwidth and SCS 120 kHz.
In WF [1], concern was raised that low RB size allocations which are currently eligible to the Edge MPR of 2 dB may no longer meet the -13 dBm/MHz limit they become included in the extended 0dB MPR Region 1 (‘R1’ within black contour in Figure 1). Further experimental measurements are provided to check if emission limits may be failed when applying 0dB MPR to small RB allocations.
Experimental Measurement Results
The test conditions previously used in [6] are used:
Reference 0 dB MPR power amplifier (PA) calibration point is performed using a 100MHz channel BW, SCS = 120 KHz, DFT-S-OFDM QPSK, 20RB23 waveform for which all gating factors are considered, including IBE. We use the following assumptions:
· Power class 3 UE
· Carrier frequency: 24 300 MHz
· Channel BW = 100 MHz, SCS = 120 kHz
· Modulation: QPSK
· Waveforms: DFT-S-OFDM
· Carrier suppression 25 dB, calibrated for each waveform,
· Image suppression 25 dB, calibrated for each waveform
· RB allocation test points (TP) 
· DFT-S-OFDM test points currently eligible to MPRnarrow of 2.5 dB:1RB0, 1RB1
· DFT-S-OFDM test points currently eligible to 2dB EDGE MPR, for which impact of applying 0dB MPR is targeted: 2RB2, 3RB3, 4RB4.
· Reference 0dB MPR Region 1 DFT-S-OFDM RB allocation: 20RB23.
The measured spectra of each RB are compared for several MPR values onto a single graph in Figure 2 below by focusing onto the IMD3 and C-IM3 products of interest.
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Figure 2: Spectrum emission comparison for selected DFT-S-OFDM waveforms for selected MPR levels. The black horizontal line sets the IMD3 and C-IM3 emission baseline level for 1RB0 and 1RB1 waveforms. Green: LCRB =2, Orange: LCRB =3, Brown: LCRB =4.

In Figure 2, a black horizontal line is overlaid to indicate the measured baseline emission level of the IMD3 and C-IM3 products for DFT-S-OFDM 1RB0 and 1RB1 waveforms at 2.5 dB MPR (corresponding to MPRnarrow). It can be seen that applying 0dB MPR to 2RB and 3RB3 allocations exceeds the reference emission bassline limit shown with black horizontal line. Also note that the IMD3 and C-IM3 measured levels for 2RB2 with 2dB EDGE MPR is lower than the baseline reference level. The baseline emission level is reached for 4RB4.
Observation 1: The 0dB MPR region 1 cannot be extended to RB allocation sizes less than LCRB = 4 RB.
To avoid a complicated extension of 2dB EDGE MPR to this region, we propose a simple modification to the previously proposed Region1 0dB MPR extension by allowing RB allocation whose length LCRB is less than 4RB to benefit from MPRnarrow. The price to pay for this minimization of MPR equation complexity is a 0.5 dB extra MPR for a small portion of the RB allocation space. It is believed this penalty is largely compensated by the the gains that Region 1 extension brings to the overall system performance.
Proposal 1: Adopt MPRnarrow = 2.5 dB when the allocated RB size (LCRB) is less than or equal to 4.32 MHz, and 0 ≤ RBstart < Ceil(1/3 NRB) or Ceil(2/3NRB) ≤ RBstart ≤ NRB-LCRB, where NRB is the maximum transmission bandwidth configuration defined in Table 5.3.2-1, otherwise MPRnarrow = 0 dB when LCRB is greater than 4.32 MHz.
To illustrate the impact of these refinement, Figure 1 is updated with the proposed MPRnarrow extension in Figure 2 below. Figure shows the example of SCS 120 kHz, and 100MHz channel BW for the case of DFT-S-OFDM QPSK waveforms. The RB allocations eligible to the refined 0dB MPR Region 1 extension are plotted with “R1” cells highlighted filled in light green. The contour of the new Region1 is bounded by thick black borders and take the shape of an arrow pointing as already predicted in simulation work [4-5]. The current Region 1 contours are highlighted with “R1” cells filled in light green and thick red cell contours. By allowing a larger RB allocation space to benefit from 0dB MPR, we believe the Region1 extension will bring significant benefits to the uplink link-budget.
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Figure 3: DFT-S-OFDM 0 dB MPR reference waveform(20RB23 cell filled in orange with black dot) vs refined Edge allocation (yellow filled ‘E’), MPRnarrow (blue filled ‘N’) vs actual 0dB MPR inner Region 1 allocation (light green filled ‘R1’ cells within red contour) vs new inner 1/3 0dB MPR Region 1 extension proposal [2] (light green filled ‘R1’ cells within black contour) vs LCRB vs RBstart for the example of PC3 operation at 100MHz channel bandwidth and SCS 120 kHz.
The PC3 Region 1 extension proposal from [3] can therefore be further refined as highlighted in yellow in proposal 2. A companion CR is proposed accordingly where requirements for 400MHz CBW remain unchanged.
Proposal 2: 
For power class 3, MPR for contiguous allocations is defined as: 
MPR = max(MPRWT, MPRnarrow)
For BWchannel ≤ 200 MHz,
· MPRnarrow = 2.5 dB, when LCRB is less than or equal to 4.32 MHz, and 0 ≤ RBstart < Ceil(1/3 NRB) or Ceil(2/3NRB) ≤ RBstart ≤ NRB-LCRB, otherwise MPRnarrow = 0 dB when LCRB is greater than 4.32 MHz, where NRB is the maximum transmission bandwidth configuration defined in Table 5.3.2-1.
· MPRWT is the maximum power reduction due to modulation orders, transmission bandwidth configurations listed in Table 5.3.2-1, and waveform types. MPRWT is defined in Table 6.2.2.3-1.
Where the following parameters are defined to specify valid RB allocation ranges for RB allocations in Table 6.2.2.3-1
· RBStart,Low = max(1, LCRB), where max() indicates the largest value of all arguments.
· RBStart,High = NRB – RBStart,Low – LCRB,
An RB allocation belonging to table 6.2.2.3-1 is a Region 1 inner RB allocation if:
· RBStart,Low  ≤  RBStart  ≤  RBStart,High, and LCRB  ≤  ceil(NRB/3), where ceil(x) is the smallest integer greater than or equal to x.
For BWchannel equal to 400MHz,
· MPRnarrow = 2.5 dB, when LCRB is less than or equal to 1.44 MHz, and 0 ≤ RBstart < Ceil(1/3 NRB) or Ceil(2/3NRB) ≤ RBstart ≤ NRB-LCRB, where NRB is the maximum transmission bandwidth configuration defined in Table 5.3.2-1.
· MPRWT is the maximum power reduction due to modulation orders, transmission bandwidth configurations listed in Table 5.3.2-1, and waveform types. MPRWT is defined in Table 6.2.2.3-2.
Where the following parameters are defined to specify valid RB allocation ranges for RB allocations in Table 6.2.2.3-2:
· NRB is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1.
RBend = RBStart + LCRB - 1
· An RB allocation belonging to table 6.2.2.3-1 is a Region 1 inner RB allocation if 
RBstart ≥ Ceil(1/3 NRB) AND RBend < Ceil(2/3 NRB)
· An RB allocation belonging to table 6.2.2.3-2 is a Region 1 inner RB allocation if
RBstart ≥ Ceil(1/4 NRB) AND RBend < Ceil(3/4 NRB) AND LCRB ≤ Ceil(1/4 NRB)
For all transmission bandwidth configurations, an RB allocation is an Edge allocation if it is NOT a Region 1 inner allocation.
Conclusion
Experimental measurements have confirmed that the 0dB MPR Region 1 cannot be extended to RB allocation whose length is less than 4RB. To minimize impact on MPR equation complexity, to only modifiy the MPRnarrow definition  to the previous Region 1 extension proposal [3] for power class 3 as:
Proposal 1: Adopt MPRnarrow = 2.5 dB when the allocated RB size (LCRB) is less than or equal to 4.32 MHz, and 0 ≤ RBstart < Ceil(1/3 NRB) or Ceil(2/3NRB) ≤ RBstart ≤ NRB-LCRB, where NRB is the maximum transmission bandwidth configuration defined in Table 5.3.2-1, otherwise MPRnarrow = 0 dB when LCRB is greater than 4.32 MHz.
The power class 3 MPR requirements BWchannel equal to 400MHz remain unchanged.
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