2

TSG-RAN Working Group 4 (Radio) meeting #90
R4-1900495
Athens, GR, 25 Feb – 1 Mar 2019
Source:
Keysight
Title:
Comment about the impact unspecified Tx power levels have on OBUE measurement system design.
Agenda item:
6.10.4.3.3
Document for:
Discussion
1. Introduction

3GPP FR2 operating band unwanted emission (OBUE) levels are specified as TRP in a 1 MHz bandwidth, but maximum Tx power levels (TRP or EIRP) are not. This could lead to a situation where the difference between the main beam EIRP levels and the radiated OBUE levels at the measurement antenna could exceed the measuring receiver dynamic range.
2. Discussion

The 38.104/38.141-2 operating band unwanted emission (OBUE) frequency bands are adjacent to the Tx channel bandwidth, which prevents system designers from using band reject filters (external to the measuring receiver) to reduce the TX main beam signal level when attempting to measure the OBUE levels in the presence of the Tx main beam.  NRTC 1 test configuration requires that OBUE be measured when the test signal is placed adjacent to the Base Station RF Bandwidth edges.
In a linear measurement system, the available instantaneous dynamic range (IDR - defined here to be the difference between IF overload power and the system noise floor in a 1 MHz bandwidth) is a function of the measuring receiver performance.  While instantaneous dynamic range values can vary between manufacturers (and between different receiver models of a given manufacturer), a typical minimum value for commercially-available high-performance receivers is ~ 75dB in the presence of a 100 MHz 5G NR signal.  Using the system design concept of wanting to have the system noise floor at least 10dB below the conformance limit, the available instantaneous dynamic range estimate is ~65dB.   The biggest concern occurs when measuring OBUE signals very near the Tx channel, when some of the Tx signal is in the receiver IF band, along with the OBUE signals.    Receiver IF filtering provides rejection to the main signal when measuring OBUE frequencies farther away from the Tx channel.  
Note:  IF overload tends to be the dominant instantaneous dynamic range limiting overload parameter.  The YIG filtering prior to the first mixer (typically used in higher-performance receivers) helps reduce the signal levels to the receiver downconversion path, reducing the occurrence of RF overload.  In modern receivers with digital IF systems, measurement bandwidths are mathematically applied in the instrument software.  The amount of power reaching the A/D converter is determined by the physical pre-filtering prior to the A/D converter, which is used to avoid aliasing.  This physical pre-filter is much wider than the software measurement filter.

FR2 max power and EIRP levels are not specified in 38.104 (although some regional requirements exist).  FR2 OBUE signal levels are based on Prated, t, TRP .  For example, from 38.141-2;
Table 6.7.4.5.2-1: OBUE limits applicable in the frequency range 24.25 – 33.4 GHz 
	Frequency offset of measurement filter -3B point,  (f 
	Frequency offset of measurement filter centre frequency, f_offset
	Limit
	Measurement bandwidth

	0 MHz ( (f < 0.1*BWcontiguous
	0.5 MHz ( f_offset < 0.1* BWcontiguous +0.5 MHz
	Min(-2.3  dBm, Max(Prated,t,TRP – 32.3 dB, -9.3 dBm))


	1 MHz

	0.1*BWcontiguous ( (f < (fmax
	0.1* BWcontiguous +0.5 MHz ( f_offset < f_ offsetmax
	Min(-13  dBm, Max(Prated,t,TRP – 43 dB, -20 dBm))


	1 MHz


Table 1 -  FR2 OBUE limits as specified in TS 38.141-2.
Measurement system designers need to understand both the maximum and minimum signal levels present during the measurement.  Using the limit powers specified in Table 1 above, system designers can estimate emission signal levels at the measurement system receive antenna using the assumption that the DUT emissions are not affected by the gain of the transmit antenna.  However, because the associated maximum Tx power is given only as a TRP power, designers do not have enough information to calculate the maximum Tx beam power present at the measurement system antenna (when the beam is pointed at the measurement system receive antenna).  The specification does not include any information on the Tx antenna directivity.  Without this information, system designers are not able to pre-determine the amount of instantaneous dynamic range required to measure the OBUE signals near the Tx channel.
2.1 Example
As an example (see Figure 1), assume we have a DUT that delivers the regional (US FCC) maximum EIRP value of +75dBm for a 100MHz channel (+55dBm/1MHz).  If the gain of the antenna is sufficiently high, the OBUE limit value would be -9.3dBm/1 MHz, as stated in Table 6.7.4.5.2-1 from TR38.141-2.  In this example, the signal-to-emission power level difference (in a 1 MHz bandwidth) is at the receiver dynamic range limit.  
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Figure 1.  An example of instantaneous dynamic range requirements
This analysis was possible because we knew the DUT EIRP.  Prated,t, TRP does not provide sufficient information for system design.
3. Conclusion

Possible improvements are:
·   specify the OBUE levels based on declared maximum EIRP levels (rather than Prated,t, TRP).   

·   Allow users to reduce the measurement bandwidth, which reduces the IF prefiltering in some designs, improving the IF clipping point and expanding IDR.  This solution would be dependent on the specific receiver design.  
·   Allow the test method to ignore measurement points taken in the main beam if an overload occurred.  
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