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1 Background
In [1] a NR-U channel raster for 20/40/80 MHz carriers aligned to global frequency raster (ARFCN) is proposed. This raster design ensures that the following goals can be achieved jointly

1. Carrier center frequencies for 20/40/80 MHz carriers are as close as possible to 20 MHz WiFi channel grid
2. Guardbands between carriers (inter-carrier guardbands) are an integer number of subcarriers
a. These guard bands are “invisible” to RAN1 specifications

3. Additional intra-carrier guards (“internal guards”) are an integer number of PRBs

a. These are visible to RAN1 specifications (size and position) to enable scheduling avoidance
b. Completely overlap the inter-carrier guardbands defined for 20 MHz carriers
c. RAN4 to specify necessary sizes of the intra-carrier guards to meet spectral emission mask
in line with discussions and agreements in RAN1. The design is illustrated in Figure 1.
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Figure 1: intra- and inter-carrier guard bands.

Figure 2 shows a detailed design: for WB2 (LBT bandwidth < carrier bandwidth) the intra-carrier guard bands are integer values of PRB, the values 6 and 7 PRBs are minimum values. The center frequencies for all carrier bandwidths are aligned with Wi-Fi channel to well within the ±200 kHz required by the ETSI harmonized standard [2] (that also contains the “ETSI spectral mask”). For WB1 the raster design ensures full spectral utilization for WB1 operation (LBT bandwidth = carrier bandwidth), i.e. 51/106/217 PRBs for 20/40/80 MHz carriers. The inter-carrier guard bands shown in blue are integer number of subcarriers, the intra-carrier guards between LBT sub-bands shown in red are integer number of PRBs
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Figure 2: raster design for WB1 and WB2.
In this contribution we show simulations of unwanted emissions subject to the ETSI mask [2] that indicate that the raster design shown in Figure 2 is feasible w r t the intra- and inter-carrier guard-band sizes.
2 Raster design and unwanted emissions
To demonstrate the feasibility of the raster design in [1], we compare the WB1 mode configured with four 20 MHz carriers and 51/51/51/51 PRB to the WB2 mode configured with one 80 MHz wide-band carrier and a PRB allocation according to the upper left corner of Figure 2 with 50/49/49/50 PRB.
The simulations are based on a PC3 (23 dBm at antenna) with a PA at a standard calibration point of 20 MHz, 15 kHz, QPSK DFT-S-OFMA, 100 RB at the lower channel edge with MPR = 0.5 dB. We remark that this corresponds to a higher-power class for NR-U, the ‘default’ power class for NR-U may be specified at 20 dBm (TBD). The remaining parameters are
· CIM3: 60 dBc.

· IQ image: 28 dB.

· LO leakage: 28 dBc
We have also considered different filter arrangements
· a dedicated digital filter for each carrier for both WB1 and WB2, i.e. a separate 20 MHz filter per carrier for WB1 and a common 80 MHz digigtal filter for WB2

· no digital filter (just FFT selectivity) for WB2
The analogue filter spans all carriers for both WB1 and WB2. 
The simulation results are shown below: the plots are shown for constant MPR = 3 dB to allow comparison between the unwanted emission levels for the difference architectures, i.e. the total output power at the antenna port is 20 dBm (in practice the maximum output power per carrier might be constant depending on the power control). In some cases we give the required MPR required for meeting the requirements.
The results can be summarized as follows:
1. there is marginal difference in the unwanted emission performance between the WB modes and filter arrangements, the ETSI mask can be met in most cases except for the [1 0 1 0] carrier arrangement, 0 and 1 denoting a respective failed and successful LBT sub-band, not considering the LO leakage;
2. the LO leakage is significant when the the two middle LBT sub-bands fail and significantly exceeds the ETSI mask, the leakage can also be problematic when one of the middle sub-bands fails (exceptions from the emissions requirements at LO frequencies would help)

3. WB1 achieves slightly improved performance in failed sub-bands compared to WB2 and for close-in emissions near the active sub-carriers

4. The IQ image performance assumed is not sufficient for the [1 0 1 0] carrier arrangement, significant back-off is needed.
The inter- and intra-channel guard bands and the raster design devised in Figure 2 are feasible w r t compliance with the ETSI mask, not considering the above observations regarding the LO leakage and IQ imbalance. The IEEE preamble-punctured channel mask is not needed for any of the transmitter configurations considered (the LO leakage would still exceed the punctured mask).

Next we show a sequence of emission spectrum plots for different channel arrangements. The total output power is always 20 dBm.
Figure 3 shows the result for the [1 1 1 1] channel arrangement with WB1 (dedicated digital channel filters per carrier). WB2 with a 80 MHz digital filter (not shown) achieves similar performance, actually slightly better outside the wide-band carrier. The back required to meet the the requirements is 3.2 dB for WB1 and 3.5 dB WB2 (limited by out-of-channel requirements). We remark that the the digital filter design was not optimized for CA (or WB) operation and only represents one possible implementation. Notice that the ETSI mask is capped at -30 dBm/MHz in accordance with [2].
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Figure 3: [1 1 1 1] arrangement for WB1.
Figure 4 shows the result for the [1 1 0 1] channel arrangement for WB2 with a digital channel filter. The ETSI mask is met. The results for WB1 (not shown) are similar, the required MPR is 3.2 dB.
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Figure 4: [1 1 0 1] arrangement for WB2 with a digital filter.

Next we illustrate the problem with the LO leakage. For a -28 dBc requirement the expected leakage is -8 dBm/MHz, which significantly exceeds the ETSI mask for the [1 0 0 1] arrangement regardless of WB mode and filter arrangement. Figure 5 and 6 show the results for WB1 and WB2 respectively. Use of power back-off is not feasible for meeting the -30 dBm/MHz requirement of the ETSI mask, an exception would be required to support the present channel arrangement. Besides the LO one notes that the WB1 with its dedicated digital channel filters achieves slightly better performance in the failed LBT sub-bands, whereas the WB2 requires slightly lower MPR (a 0.3 dB difference) to meet the emission limits outside the carriers (dimensioning for MPR neglecting the LO feedthrough).
[image: image5.png]CA CP-OFDM QPSK 80MHz 30kHz (51+[1+[]+51)RBs Backoff 3.00dB

PSD
10 ——— NR General SEM mask mask
ETSI-mask

0

PSD [dBm/ 1000 kHz]

-2 -15 -1 -05 0 0.5 1 LS 2
Frequency [Hz] x108




Figure 5: [1 0 0 1] arrangement for WB1.
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Figure 6: [1 0 0 1] arrangement for WB2 with a digital channel filter.
The next problem is the IQ image for the [1 1 0 1] channel arrangement. Figure 7 and 8 show the results for WB1 with and without digital channel filters. While the emissions levels in the failed sub-bands are slightly lower in the failed sub-band using digital channel filters (Figure 7), the main problem is the IQ image component arising in the failed sub-band at the right edge of the wide-band carrier. The requirement is dictated by the (relative) ETSI mask, the required attenuation is -34 dBr (levels down to -40 dBm/MHz capped by the -30 dBm/MHz requirement). A significant back-off would be needed to meet the mask: more than 10 dB! However, should the mask be limited to -28 dBr (a 6 dB increase) in the failed sub-bands, the mask would be met without further excessive back-off (about 3 dB suffices). Part of the LO leakage can also be an issue even though the LO falls at the 0 dBr point at the centre of the wideband carrier.
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Figure 7: [1 0 1 0] arrangement for WB1 with digital channel filters.
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Figure 8: [1 0 1 0] arrangement for WB21without digital channel filters.
3 Close-in emissions
The close-in emissions near the active sub-carriers of successful sub-bands also need consideration. The reference bandwidth is 1 MHz, and the measurements are carried using “sliding averages” that could include portions of the active sub-carriers. This is not the intention but nevertheless part of the ETSI procedure. The reference bandwidth could perhaps be reduced to 100 kHz (but then increased measurement time).

In general, close-in emissions can be reduced by using digital filters.  
4 Conclusions

The simulations results showed herein indicate that the NR-U raster channel design proposed in [1] is feasible. Intra- and inter-carrier guard bands according the the following 
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are feasible from an unwanted emissions view point and compliance with the ETSI mask [2] for all transmitter archietecures studied for the WB1 and WB2 modes. It should be remarked that LO leakage is a problem for all architectures when the center LBT sub-bands fail, and the the IQ image is an issue for some non-contiguous channel arrangement. The latter issues must be addressed for both WB1 and WB2 regardless of channel raster design.
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