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1 Background
In this contribution we discuss the interpretation of the regulatory PSD limits and the resulting maximum power permitted in a transmission of a single interlace. We also give a background to interference studies performed before the allocation of the 5 GHz spectrum for RLAN to establish that the aggregated RLAN interference into the victim service was indeed considered in devising the power limits per device given in regulations.

In order to meet the regulatory requirement that transmitted PSD be less than +10 dBm/MHz (5150-5350 MHz) and an expected lower limit of the occupied band in the European harmonised standard [1] exceeding a PRB bandwidth, PUSCH,  PUCCH and SRS will be transmitted in interlaced patterns. Patterns for PUSCH are shown in Table 1 and Figure 1. A UE can be allocated up to 10 interlaces across the 20 MHz bandwidth, where 10 interlaces correspond to full allocation.
Table 1: interlaces for PUSCH
	Allocated number of interlaces
	Allocated number of RBs
	Pruned RBs
	Used number of RBs

	1
	10
	0
	10

	2
	20
	0
	20

	3
	30
	0
	30

	4
	40
	0
	40

	5
	50
	0
	50

	6
	60
	0
	60

	7
	70
	6
	64

	8
	80
	0
	80

	9
	90
	0
	90

	10
	100
	0
	100
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Figure 1: interlaces for PUSCH.
We argue that it is possible to transmit a single PRB at +10 dBm in any 1 MHz band, and that the regulations do not dictate that the transmitted PSD has to be “constant” across the occupied bandwidth.
2 PSD and reference bandwidth for unwanted emissions
First we consider the measurement methods for verifying unwanted emissions limits for which there are ITU-R recommendations. The unwanted emission limits are specified across a reference bandwidth (e.g. 1 MHz for the standard    -30 dBm/MHz spurious emission limit) that can be the same as the resolution bandwidth of a spectrum analyser used in the measurement of the limit. ITU-R Recommendation SM.329-11 contains the following regarding
1.1.2 Resolution bandwidths

As a general guideline, the resolution bandwidths (measured at the –3 dB points of the final IF

filter) of the measuring receiver should be equal to the reference bandwidths as given in

recommends 4.1. To improve measurement accuracy, sensitivity and efficiency, the resolution

bandwidth can be different from the reference bandwidth. For instance, narrower resolution

bandwidth is sometimes necessary for emissions close to the centre frequency. When the resolution

bandwidth is smaller than the reference bandwidth, the result should be integrated over the

reference bandwidth (the integration should be made on the basis of a power sum unless the
spurious signal is known to be additive in voltage or with intermediate law, see Note 1). When the

resolution bandwidth is greater than the reference bandwidth, the result for broadband spurious

domain emissions should be normalized to the bandwidth ratio. For discrete (narrow-band) spurii,

normalization is not applicable.

Out-of-band emissions are treated in ITU-R SM.1541-4 which recommends 
1.6 Reference bandwidth

The bandwidth required for uniquely defining the OoB domain emission limits. If not explicitly

given with the OoB domain emission limit, the reference bandwidth should be 1% of the necessary

bandwidth. For radar systems the reference bandwidth should be selected in line with

Recommendation ITU-R M.1177.

1.7 Measurement bandwidth

The bandwidth which is technically appropriate for the measurement of a specific system. In

common spectrum analysers this is generally referred as the resolution bandwidth.

NOTE 1 – The measurement bandwidth may differ from the reference bandwidth, provided the results can be

converted to the required reference bandwidth.
From this we establish that the unwanted emissions are specified across reference bandwidth and that no scaling of the specified requirement under any PSD assumptions is applicable. This has also been the assumption made by RAN4 for the BS and UE specifications.
When measuring the spectrum emission mask specified in terms of a relative dB measure like the mask in EN 301 893 [1] it is recommended in ITU-R SM.1541-4 that the reference bandwidth is the same in the out-of-band region and the occupied bandwidth:
1.5 dBpp

Decibels relative to the maximum value of the peak power, measured with the reference bandwidth

within the occupied bandwidth. The in-band peak power is expressed in the same reference

bandwidth as the OoB peak power. Both the in-band and the unwanted emissions should be

evaluated in terms of peak values. […] 
The EN 301 893 follows this; the mask is shown in Figure 1 with a note that the reference level is set with regard to the maximum PSD.
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Figure 1: the spectrum emission mask for RLAN in the ranges 5150-5350 MHz and 5470-5725 MHz.
For the measurement of this mask it is specified in EN 301 893 [1] hat
Step 1: Determination of the reference average power level.

• Spectrum analyser settings:

- Resolution bandwidth: 1 MHz

- Video bandwidth: 30 kHz

- Detector mode: Peak

- Trace mode: Video Average

- Sweep Time: Coupled

- Centre Frequency: Centre frequency of the channel being tested

- Span: 2 × Nominal Channel Bandwidth

• Use the marker to find the highest average power level of the power envelope of the UUT. This level shall be

used as the reference level for the relative measurements.

Step 2: Determination of the relative average power levels.

• Adjust the frequency range of the spectrum analyser to allow the measurement to be performed within the

sub-bands 5 150 MHz to 5 350 MHz and 5 470 MHz to 5 725 MHz. No other parameter of the spectrum

analyser should be changed.

• Compare the relative power envelope of the UUT with the limits defined in clause 4.5.2.2.
Hence the SEM requirement shall be measured with a 1 MHz measurement bandwidth; a reference bandwidth for this requirement is not stated in EN 301 893.
3 In-channel PSD limits and reference measurement bandwidths
There is no ITU-R recommendation for PSD measurement in the occupied bandwidth to our knowledge, but from the regulations there is no requirement that the PSD of the wanted signal must be flat in the occupied bandwidth. This would not be technology neutral. However, from the OoB recommendation ITU-R Recommendation SM.1541-4 above, there is an indirect recommendation that the reference bandwidth should be the same in the occupied bandwidth. However, in some cases several reference bandwidths can be stated, but this does not necessarily imply that scaling with an assumed flat PSD should be applied.
For the range 5150-5250 MHz, the ITU-R Resolution 229 (global allocation) states both a 25 kHz and a 1 MHz PSD limit:
2
that in the band 5 150-5 250 MHz, stations in the mobile service shall be restricted to indoor use with a maximum mean e.i.r.p. of 200 mW and a maximum mean e.i.r.p. density of 10 mW/MHz in any 1 MHz band or equivalently 0.25 mW/25 kHz in any 25 kHz band;

whereas for the 5250-5350 MHz only 1 MHz applies:

4
that in the band 5 250-5 350 MHz, stations in the mobile service shall be limited to a maximum mean e.i.r.p. of 200 mW and a maximum mean e.i.r.p. density of 10 mW/MHz in any 1 MHz band. […]
In 5150-5250 MHz the sharing service is MSS feeder links, the bandwidths of the systems in operation at the time of allocation of the spectrum was 25 kHz (ICO) and 1.23 MHz (Globalstar). The 25 kHz bandwidth was used in studies of sharing between RLAN and MSS feeder links. Therefore, the specification of two different measurement bandwidths does not imply that scaling under the assumption of a flat PSD in the occupied bandwidth applies.

In European regulation (ERC Decision 08(04)), there is only a 1 MHz PSD limit in 5150-5250 MHz.
The Part 15.407 rules are clearer regarding the interpretation of the PSD limit:
   (1) For the band 5.15-5.25 GHz.

   (i) For an outdoor access point operating in the band 5.15-5.25 GHz, the

   maximum conducted output power over the frequency band of operation shall

   not exceed 1 W provided the maximum antenna gain does not exceed 6 dBi. In

   addition, the maximum power spectral density shall not exceed 17 dBm in any

   1 megahertz band. If transmitting antennas of directional gain greater than

   6 dBi are used, both the maximum conducted output power and the maximum

   power  spectral  density shall be reduced by the amount in dB that the

   directional gain of the antenna exceeds 6 dBi. The maximum e.i.r.p. at any

   elevation angle above 30 degrees as measured from the horizon must not exceed 125 mW (21 dBm).
The power is measured in “any 1 MHz band”, which would allow the transmission of one single PRB at +17 dBm EIRP in the said 1 MHz.

There are guidelines from the FCC on how to verify the FCC Part 15 rules [2], Part 15.407 subclause F (5725-5850 MHz) in particular, but the guidance also covers the remaining bands in Part 15. For the PSD it is stated that the measurements of PSD, e.g. the +10 dBm/MHz is made like the unwanted emissions requirements, integrating the power across the reference bandwidth (1 MHz in the example). For PSD measurements the following apply in general:

For devices operating in the bands 5.15-5.25 GHz, 5.25-5.35 GHz, and 5.47-5.725 GHz, the above procedures make use of 1 MHz RBW to satisfy directly the 1 MHz reference bandwidth specified in § 15.407(a)(5). For devices operating in the band 5.725-5.85 GHz, the rules specify a measurement bandwidth of 500 kHz. Many spectrum analyzers do not have 500 kHz RBW, thus a narrower RBW may need to be used. The rules permit the use of a RBWs less than 1 MHz, or 500 kHz, “provided that the measured power is integrated over the full reference bandwidth” to show the total power over the specified measurement bandwidth (i.e., 1 MHz, or 500 kHz). […]

Hence one can verify the requirements by using RBW = reference bandwidth = 1 MHz below 5725 MHz. 
4 Device limits and aggregate interference into victim services

It is also useful to establish that the limits on total power (i.e. not only PSD) per device are devised based on the total aggregate interference seen at the victim service, e.g. a MSS feeder link or a satellite.
Looking at the sharing studies performed before the WRC-03 allocation, the ERC report 67 from 1999 shows the methodology for sharing with MSS feeder links in 5150-5250 MHz (ground-to-space). The results are “max number of tolerable devices” given a certain device power and a tolerable aggregate interference into the feeder link, and there were two victim systems, ICO using 25 kHz bandwidth and Globalstar using 1.23 MHz bandwidth. This is where the 25 kHz comes from, and a 1 MHz bandwidth fine for Globalstar (they used CDMA2000 in the feeder UL). The 25 kHz reference bandwidth is therefore related to the bandwidth of a victim system; not scaling. 

There is also a recommendation on the total power flux in the victim satellite at 5150-5250 MHz, see ITU-R S.1426. Limits are given for 1 MHz and 4 kHz reference bandwidths, but the latter was subsequently changed to 25 kHz (appears in the final WRC-03 resolution 229). 

For 5250-5350 MHz, ITU-R recommendation SA.1632 with results on sharing studies with EESS (Earth Exploration Satellite Service). The total number of RLANs acceptable in the satellite footprint is estimated given the output power per device. The 25 kHz reference bandwidth does not appear in this band; the EESS satellites have (much) larger bandwidth than the RLAN aggressor and it is more important that the aggregate interference appears uniformly across the satellite allocation (hence the PSD and the DFS spreading requirement). There is only a 1 MHz reference bandwidth for the PSD.
5 Conclusions

The regulations do not dictate that the transmitted power-spectral densities (PSD) have to be “constant” across the occupied bandwidth, which makes it possible to transmit a single PRB at +10 dBm in any 1 MHz band given a +10 dBm/MHz PSD limit.

The power restrictions per device in the 5 GHz band given in regulations are based on sharing studies between RLAN and the victim services given an acceptable aggregate interference into the victim service.
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