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1 Introduction
In the last meeting, the following agreement was reached regarding on BS transmitter intermodulation for NR sub-6GHz in the WF [1].
Proposal: similar to LTE, for NR sub 6GHz, only “Co-location transmitter intermodulation” case should be defined for Range 1-C-N, and both “Co-location transmitter intermodulation” and “Intra-system transmitter intermodulation” cases for range 1-C-A.
And some open issues on how to define Co-location transmitter intermodulation were listed as well in the WF as following: 
· Co-location transmitter intermodulation case for conductive requirements:
· Use the same interfering signal by identifying the worst case regardless of Bands, SCS of wanted signal, CBW of wanted signal, BS class :
· interfering signal type:
· FFS: NR or LTE signal
· interfering signal channel bandwidth 
· FFS
· interfering signal level: 
· Rated total output power in the operating band – 30 dB 
This contribution provides further considerations and proposals on these open issues of BS transmitter intermodulation requirements for NR sub 6GHz.
it shall be noted that the abbreviations Range 1-C and 1-H in this contribution are quoted from the agreed contribution [2] in the last meeting. 
2 Discussion
As well known that the intermodulation product is largely dependent on the bandwidth and power level of wanted signal and interfering signal, where the bandwidth affects total bandwidth of intermodulation products i.e. the frequency range in which intermodulation products appear, and the power level affects the total power level of intermodulation products. 
Figure 1 shows a generic model used for the analysis of 3rd intermodulation product due to interfering signal in the 1st adjacent channel. From the figure, the total bandwidth of intermodulation products is 2b+a and a+b for lower edge and higher edge of wanted signal respectively, where parameter a and b denote the bandwidth of wanted signal and interfering signal respectively. According to the WF[1], the interfering signal level  is "Rated total output power in the operating band – 30 dB", so, in theory, for the same wanted signal, the total power level of intermodulation products would be the same regardless of the which bandwidths of interfering signal is chosen. Therefore, it can be concluded that the PSD of intermodulation product is highly dependent on the bandwidth of interfering signal, thus the narrower bandwidth is chosen for interfering signal, the higher PSD would be produced for the intermodulation product. 

[image: image1]
Figure 1, the generic model using for the analysis of 3rd  intermodulation mechanism
Accordingly 5 MHz interfering signal would cause highest PSD of intermodulation product compared to interfering signal with CBW wider than 5 MHz but the same power level (rated total power-30dB). However, there may be one concern that though the highest PSD can be caused by 5 MHz interfering signal, it still may not be the worst case. Because the power limit in the UEM (Unwanted emission mask) is lowered with the increasing frequency offset to the edge of wanted signal, if the frequency range of intermodulation  product only  covers the high power limit region, it may easier to meet the UEM requirements. So we should check whether 5 MHz case can cover the lowest power limit region of UEM. According to the  agreements on the UEM for NR sub 6GHz BS[3], the region of lowest power limit in UEM is the frequency range that more than or equal to 10MHz offset to the edge of wanted signal. For 5 MHz interfering signal in the 1st adjacent channel, it is obvious that its intermodulation product (a+b=a+5 ≥ 5+5 ≥10 MHz, 2b+a=10+a ≥ 10 MHz) can cover the lowest power limit UEM region as shown in figure 2.That is also the case for 5 MHz interfering signal in the 2nd and 3rd adjacent channel. Thus, it can be derived that 5 MHz interfering signal would be the worst case compared to other CBWs wider than 5 MHz.
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Figure 2, the 3rd  intermodulation product for 5 MHz interfering signal in the 1st adjacent channel
One the other hand, if the bandwidth interfering signal is less than 5 MHz such as 1.4 MHz or 3 MHz.and the wanted signal is 5 MHz , though it may cause higher PSD than that for 5 MHz interfering signal, the  frequency range of intermodulation product couldn't cover the lowest power limit of UEM according to figure 1 (a+b=5+1.4 < 10 MHz or a+b=5+3 < 10 MHz).Thus, it can be concluded that the intermodulation product for less than 5 MHz interfering signal would be easier to meet the UEM requirement than that for 5 MHz. 
Besides, though the practical the bandwidth of interfering signal from the co-located base station can be less than 5 MHz e.g.  200 kHz (GERAN),1.4 MHz and 3 MHz  (E-UTRA), the practical interfering power level for these bandwidth signal would be much lower than other  bandwidth signal more than or equal to 5 MHz. This is because the practical power level of the source of interfering is proportional to the bandwidth in the co-located base station. Thus, the actual intermodualtion product caused by those small bandwidth interfering signal would be lower. Furthermore, the signal with bandwidth more than or equal to 5 MHz is more general than other small bandwidth in term of the deployment scenario. 
Therefore, it is not proposed to use the bandwidth less than 5 MHz signal as interfering signal.
Proposal 1: Choose a 5 MHz bandwidth of interfering signal to define Co-location Tx intermodulation for sub 6 GHz NR BS(Range 1-C and 1-H).
The next question is which type of interfering signal shall be used for 5MHz, LTE or NR? If NR is used, which SCS and waveform shall be used? As stated in contribution [4], the intermodulation product is largely independent on the modulation type, actually also SCS and waveforms, thus 5 MHz LTE signal and 5MHz NR signal could be the same in term of intermodulation product. Though 5MHz NR signal can’t be supported by some higher operating band especially for NR only band, the test equipment could be required to support. In order to avoid confusion with LTE specification, it is better to use NR type of  interfering signal to define Co-location Tx intermodulation for sub 6 GHz NR BS.
Proposal 2: Use NR type of  interfering signal to define Co-location Tx intermodulation for sub 6 GHz NR BS (Range 1-C and 1-H).
3 Conclusion
In this paper, we give the following proposals to define NR BS transmitter intermodulation for NR sub 6GHz.
Proposal 1: Choose a 5 MHz bandwidth of interfering signal to define Co-location Tx intermodulation for sub 6 GHz NR BS (Range 1-C and 1-H).
Proposal 2: Use NR type of  interfering signal to define Co-location Tx intermodulation for sub 6 GHz NR BS (Range 1-C and 1-H).
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