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RAN WG4 thanks CEPT/ECC PT1 for the opportunity to give feedback on the issues for field measurement of TRP regulatory limits and Category B Spurious emission limits. TSG RAN WG4 has previously given feedback to ECC WG SE on assessment of spurious emissions for AAS and beamforming (including TRP definitions and testing) in [1] and details of the 3GPP NR specifications in [2]. RAN WG4 also notes the LS from ETSI MSG TFES to ECC PT SE21 [3], which gives input in the same areas, including the possibility to define an Operating Band Unwanted Emissions (OBUE) limit, where the OBUE spectrum mask is related to the operating band instead of the actual RF carrier position.
In response to the two areas brought up by CEPT/ECC PT1, TSG RAN WG4 would like to give the following feedback.

Area 1: Testing methodology

3GPP RAN WG4 has further developed the method for conformance testing of limits defined as TRP using a shielded anechoic chamber. 
The TRP measurement procedure for emissions in the spurious domain with large frequency separation are slightly different from that of wanted signal and unwanted emissions closer to the wanted signal. In the former case a few frequencies of with high emission are likely to be found in a very wide frequency range and these emissions are also not likely to be as high as the wanted signal. On the other hand, in the latter case the frequency range is limited and the TRP levels are expected to be closer to the emission limits. Another difference is that for the high frequencies of the spurious domain the required angular resolution for precise TRP measurement is very high which leads to impractically long measurement time. The required angular step depends on the electrical size of the DUT and is hereafter denoted as the “reference angular step”. Furthermore, the emissions of wanted signal and adjacent bands emanate from antenna arrays which makes it possible to use array symmetries to simplify the measurement. This is not the case with spurious emissions at larger frequency separation which are mostly uncorrelated. The TRP measurement procedures and the available alternatives are described below. 

For wanted signal, if the directivity is known, it is enough to measure the peak EIRP and adjust it with the directivity to obtain TRP. Care must be taken for using this method for unwanted emissions since the directivity can be different from the wanted signal directivity, in particular at large frequency separations. If directivity is not known but it can be verified that the emission is from the antenna array, TRP can be obtained by measuring EIRP in the cardinal cuts and use pattern multiplication to extrapolate the EIRP values in other directions. Pattern multiplication exploits the fact that the array factor of a rectangular array can be separable in two factors along the two symmetry planes. If none of the above options are applicable, the final option is to measure the EIRP on a full-sphere grid with the reference angular step. The measured values can then be integrated to obtain the TRP. All the above options are accurate methods for TRP assessment provided that the mentioned pre-conditions are fulfilled. 

For spurious emissions at larger frequency separation, it is important to first identify the frequencies with notable emissions for further measurement. This is achieved through pre-scan which can be performed on a very sparse grid. If no notable emission is identified at a certain frequency during the pre-scan, no further investigation is needed for that frequency. For frequencies which are identified for further measurement, a number of orthogonal cuts (two or three) or a sparse spherical grid can be used. These methods are based on the assumption that spurious emissions at larger frequency separation are not fully correlated and are less directive. For spurious emissions, an upper bound assessment for TRP is enough to ensure the compliance and the exact TRP value is of less importance. Therefore, a systematic correction factor is added to the estimated TRP value in order to ensure an overestimate with a certain confidence. The systematic correction factor is dependent on the chosen grid type and angular step. Orthogonal cuts measurements should be measured with the reference angular steps. The sparse full sphere measurement can be performed on angular steps larger than the reference step and smaller than 15 degrees. Larger angular step results in a shorter measurement time while it imposes a larger systematic correction.

Based on the approach described for measuring TRP in a controlled environment, some general aspects can be considered for TRP field measurements, both for spurious emissions at larger frequency separations and unwanted emissions closer to the wanted signal. Selection of sampling grids and test distances appropriate for field measurements requires further analysis and study. 

Area 2: Category B Spurious emission limits 
3GPP RAN WG4 has considered the two options that are under discussion for ERC Recommendation 74-01, in terms of how they could be interpreted for BS and UE specifications. Some general aspects and further option for the UE are also given below.
“Option 1” proposal for mm-Wave BS operation

3GPP RAN WG4 notes that the existing “reference bandwidth masks” in the present version of ERC Recommendation 74-01 enable a reduced measurement BW to be used close to the carrier, something that is implemented in present 3GPP specifications for LTE (and UMTS), and also for the OBUE requirement in the 3GPP NR specification. In the proposed updated recommendation, the new mask in Figure A2.3 gives further possibilities to extend such limits, by introduction of transitions to 30, 100 and 300 kHz measurement bandwidth, applicable for “for mobile services using AAS and beamforming with integrated antennas and operating above 12.75 GHz”. 
It is the view of 3GPP RAN WG4 that such limits should be defined relative to the operating band (“band centric”), instead of relative to the transmitted carrier (“carrier centric”), in a way similar to the OBUE limit in present 3GPP specifications. This is illustrated in Figure 1.
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Figure 1: Band centric "reference bandwidth mask" with transitions to 30 and 100 kHz reference bandwidth.
3GPP RAN WG4 has no complete analysis of how such a new “reference bandwidth mask” would be implemented in 3GPP specifications. The following preliminary aspects are however noted by 3GPP RAN WG4:

· The proposal in Figure A2.3 of the draft updated recommendation had three intermediate steps at 30, 100 and 300 kHz measurement BW. Two steps as shown in Figure 1 above seems to be sufficient.

· The present OBUE mask in 3GPP NR specifications [2] has an OBUE mask that sets the first transition point X = 1.5 GHz. This offset would remain at 1.5 GHz with the new proposal.

· There is no conclusion of where a second transition point (Y in Figure 1) would be placed. It is noted however that the present offsets in the recommendation are defined out to 10-12 times the necessary bandwidth and that offsets should “allow for reasonable transmitter implementation, accounting for the largest necessary bandwidth possible in the operating band”. Since aggregated carrier bandwidth could exceed 1 GHz, it is reasonable that the second transition point (Y) could be several multiples beyond X, possibly above 10 GHz.
One aspect of Option 1 (applicable to both BS and UE) is that a narrower reference bandwidth when applied also as a resolution bandwidth for measurements will give excessive and probably unpractical testing time over the large frequency ranges in question. In this context, RAN WG4 notes that the draft recommendation (Recommends 4, Note 5) describes how efficiency can be improved by using a different resolution bandwidth for measurements.

 “Option 2” proposal for mm-Wave BS operation

The second option is to allow for a general modified limit to be [-20…-25] dBm. This is clearly a feasible solution and easily implemented in 3GPP specifications. It would however still need be combined with a OBUE mask that extends out to X = 1.5 GHz from the operating band as shown above.
Category B Spurious emission limits for sub-6GHz NR BS

In the previous LS response from 3GPP RAN WG4 [2], unwanted emission limits including spurios emissions were given for Frequency Range 2 (24.25 – 52.6 GHz). It is noted that in the present version of ERC Recommendation 74-01 the new entry 2.1.6 is applicable for “Terminals and Base Stations using AAS and beamforming with integrated antennas” without differentiating frequency bands. 3GPP RAN WG4 would therefore like to inform that the NR specifications cover also Frequency Range 1 (below 6 GHz), where category B Over-the-Air spurious emission limits are specified in subclause 9.7.5.2.2 of TS 38.104 for AAS-type NR BS with OTA-only requirements. 
General aspects for mm-Wave UE operation

RAN4 would like to point out that typical UE reference architecture for operation in mmW band is significantly different compared to UE operating in below 6GHz bands. For instance, the presence of both IF stage and RF stage indeed implies a larger number of spurious responses compared to a direct conversion RF architecture, as shown in Figure 2. Another relevant factor impacting emissions in mmW bands is the lack of feasible filters for this frequency range. Use of band pass filters in mmW operating bands is indeed impractical to the point that FDD duplex method is ruled out. A pictorial representation of typical UE emission spectra for a mmW reference transmitter architecture is illustrated in Figure 2.
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Figure 2. Descriptive picture of mmW UE emissions. IQ Image and 2xLO-IF are not shown.

The most relevant aspect clearly visible in the figure is the presence of many discrete and isolate components which together characterized the out-of-band and spurious emission domains. There are several factors which determine frequency location, bandwidth of the spurious emission products. In particular, the location of IF and RF LO plays a key role and it is not specified in 3GPP specification. As a consequence, RAN4 decided to include a single higher general spurious emission limit able to cover all possible spurious products, rather than a more stringent requirement with the need of define exceptions to the general requirement.  

Given the current specification of -13dBm/MHz, improving spurious emission performance requires major revision of chipset design. As a consequence, any modification compared to the current requirement specified in 3GPP will have direct impact on the devices availability in Europe. In the following, we will analyze the two options described below and also a third option. For all options the main implications and drawbacks are listed.
“Option 1” proposal for mm-Wave UE operation 

Option 1 presents a possibility to use same limit for power but different reference bandwidth. The proposed value is still 12 dB tighter than the existing spurious emissions specification in 38.101-2. To match the existing 3GPP specification, a limit of -30 dBm / 20 kHz would be required. However, from UE perspective even in this case meeting the requirement for LO leakage would be problematic since the actual bandwidth of the CW signal is very narrow and with high PSD. It is also worth noticing that LO leakage is power independent, so it cannot be reduced by decreasing UE transmit power (other spurious emission which are power dependent (e.g. image) can be reduced through power reduction). As a consequence, there would be need of exceptions even for the case of 30 kHz. 

“Option 2” proposal for mm-Wave UE operation

In this case the requirement is tighter than existing 3GPP specification limit by 7 to 12dB. For this particular case, depending on the actual emission level adopted (the range is from -20 to -25 dBm/MHz), wideband spurious products (e.g. image) might require power back-off, thus impacting UL coverage. Spurious products which are independent of transmit power, such as LO, would still required exception. As a consequence, even this option is not appealing from UE perspective.
“Option 3” proposal for mm-Wave UE operation:  -13 dBm/10 MHz 
One alternative proposal that RAN4 discussed [4] is to keep the same emission power limit as in current 3GPP requirements and increasing measurement BW. This will effectively translate into lower power value in narrower measurement BW when emissions are wideband. Since the power ratio of emissions and output power remains constant and UE is designed to meet -13 dBm / 1 MHz, increasing measurement bandwidth and keeping same dBm level could be a valuable option. However, even for this option there are implications on UE performance, especially for Power Class 1 (PC1). PC1 has already a restriction on minimum resource allocation of 10MHz which is needed to meet -13dBm/MHz. As a consequence, to meet the tighter requirement of -13dBm/10MHz a minimum allocation of 100MHz would be needed, thus limiting scheduling flexibility and impacting coverage since narrowband transmission would be precluded.  
RAN4 recommendation for UE requirement

All the presented options for have implications on current UE design, which is based on -13 dBm/MHz. In particular, if a value tighter than -13 dBm/MHz needs to be met, UE would need exceptions to meet that requirement. It is worth noticing that some of these exceptions (i.e. LO leakage) are power independent and very narrow band. As a consequence, it is RAN4 expectation that the amount of interference to other systems will be very limited in terms of cumulative interference. Based on this observation, RAN4 recommendation is to adopt a -13dBm/MHz requirement for UE. If a more stringent requirement will be enforced, RAN4 specifications would handle such requirement as EU regional requirement. As a consequence, it will mainly impact European band (n258) by limiting the available coverage and throughput for mmW deployments.   
Regarding the continued work on AAS and beamforming for mobile systems (LTE and NR), 3GPP RAN WG4 provided the latest status in the LS to CEPT/ECC WG SE in May 2018 [2]. 
RAN WG4 would welcome further updates on the revision of ERC Recommendation 74 01 and will also be able to provide further feedback in the area.
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