3GPP TSG-RAN WG4 Meeting #86


Tdoc R4-1802154
Athens, Greece, February 26 – March 2, 2018

Title:
[DRAFT]
 LS on revision of ERC Recommendation 74-01, on unwanted emissions in the spurious domain

Response to:
LS (R4-1801423) on revision of ERC Recommendation 74-01, on unwanted emissions in the spurious domain from CEPT/ECC WG SE

Release:
-

Work Item:
-

Source:
RAN WG4

To:
CEPT/ECC WG SE

Cc:
TSG RAN, CEPT/ECC WG SE21
Contact Person:


Name:

Johan Sköld

E-mail Address:
[image: image1.emf]


Send any reply LS to:
3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 

Attachments:


-

RAN WG4 thanks CEP/ECC WG SE for the opportunity to give feedback to the revision of ERC Recommendation 74-01. 3GPP published the first set of specifications in 3GPP Release 15 for both AAS BS and NR (5G) BS in December 2018. Work is presently on the way on the test specifications, including test set-up and test procedures. These will also include test procedures for Over-the-Air requirements that are defined for AAS BS and NR BS.
Since information of the AAS BS and NR BS work is an area of high importance, an overview of the activities is summarized in an Annex to this LS, covering

1. Assessment of spurious emissions for AAS and beamforming for BS and UE

2. Definitions and reference point (TRP, EIRP, etc.)

3. Boundary between out-of-band and spurious domain (frequency offset)

4. Testing methodology

Since the Release15 test specification work is not complete, RAN WG4 can provide future updates on the continued work on AAS BS and NR BS and would also welcome updates from ECC WG SE on the revision of revision of ERC Recommendation 74-01.
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ANNEX:
Technical feedback in relation to the revision of ERC Recommendation 74-01

1. Assessment of spurious emissions for AAS and beamforming for BS and UE
3GPP writes products specifications for IMT mobile systems, including WCDMA/HSPA, LTE and NR (5G). For Base Stations with Active Antenna Systems (AAS), where the active parts of the transmitter and receiver may be an integral part of the antenna system, it is not always suitable to maintain the traditional definition of requirements at the antenna connector. For this purpose, a set of requirements for AAS-type Base Station were developed in recent releases of 3GPP specifications:

· For AAS BS:
· In 3GPP Release 13/14, a first AAS BS specification was developed [2]. It has two directional requirements defined as Over-the-Air (OTA) based on manufacturer’s declarations: Radiated transmit power accuracy and OTA (receiver) sensitivity. Remaining BS RF requirements are still defined as conducted, assuming that there are antenna connectors accessible at the antenna array. Such a BS defined with both conducted and radiated requirements is called a hybrid AAS BS.

· In 3GPP Release 15, a full set of radiated requirements are being defined in [1]. These would also apply to a BS where no antenna connectors are accessible. Such a BS defined only with radiated requirements is called an OTA AAS BS.

· The work on AAS BS in 3GPP is also documented in a technical report [3].

· For NR BS:

· In 3GPP Release 15, specifications for NR are also produced [2]. The NR BS specifications cover BS with conducted requirements as well as hybrid and OTA requirements with using the same principles as for AAS BS. In case of NR BS based on the AAS architecture, full radiated set of transmitter and receiver requirements is defined in Rel-15 for both frequency ranges below 6 GHz and mm-Wave frequencies (25.25 GHz to 52.6 GHz). 
· OTA requirements are also developed for UEs in the mm-Wave frequency range.

· 
The AAS BS requirements are based on a generalized AAS BS radio architecture, as illustrated in Figure 1 for what is called a hybrid AAS BS. The architecture consists of a transceiver unit array that is connected to a composite antenna that contains a radio distribution network and an antenna array. The transceiver unit array contains multiple transmitter and receiver units. These are connected to the composite antenna through a number of connectors on the Transceiver Array Boundary (TAB). These TAB connectors correspond to the antenna connectors on a non-AAS Base Station and serve as a reference point for conducted requirements. The radio distribution network is passive and distributes the transmitter outputs to the corresponding antenna elements and vice versa for the receiver inputs. Note that the actual implementation of an AAS BS may look different in terms of physical location of the different parts, array geometry, type of antenna elements used, etc. The radiated requirements are defined in the far field at the Radio Interface Boundary (RIB).


[image: image2]
Figure 1: General architecture of hybrid AAS BS and the reference points for the conducted and radiated requirements (from 3GPP TR 37.843 [3])

In the case where there are no accessible antenna connectors, the reference architecture shown in Figure 2 is used for the OTA AAS BS. In this case, there are no TAB connectors and all requirements are defined at the Radio Interface Boundary.


[image: image3]
Figure 2: General architecture of OTA AAS BS and the reference point for the radiated requirements (from 3GPP TR 37.843 [3])

Some transmitter requirements for OTA AAS BS are defined as directional requirements, since they apply in a single direction at a time. Examples are Output power accuracy for EIRP, Output power dynamics, Modulation quality and Occupied bandwidth.

Unwanted emission requirements for OTA AAS BS are however defined as Total Radiated Power (TRP), based on extensive co-existence simulations and the properties of unwanted emissions in active systems. This is further elaborated below.
2. Definitions and reference point (TRP, EIRP, etc.)
OTA requirements have recently been introduced into 3GPP specifications in order to enable massive MIMO transmissions and efficient base station and mobile device implementations by removing the need for test connectors. Prior to introducing OTA requirements, RF requirements were tested using conducted testing. Spurious emissions were measured at the antenna connector output of the transmitter, prior to the antenna. The measured conducted emissions power is an upper bound on the total radiated power of the base station.

Requirements stated as EIRP in regulatory specifications could be related to conducted requirements because with passive antenna systems, the gain is relatively constant and known, and thus EIRP at the boresight, the TRP and the conducted power level are directly related.

In developing OTA requirements, during studies on AAS BS and subsequently New Radio (NR), 3GPP RAN4 investigated the relationship of EIRP and TRP of unwanted emissions to victim systems. It was found that regardless of the radiation pattern of the unwanted emissions, the TRP level correlated well with the degree of degradation to victim systems. This occurs for several reasons. In some cases, although the unwanted emissions may have some spatial distribution, the fact that the spatial pattern of the excitation signal is varied in time causes the mean power radiated in any given direction to vary, with the average relating to the total radiated power level. In addition, for a victim system with multiple geographical receivers, different receivers are subjected to different levels of interference at different points in time. 

Furthermore, in many cases unwanted emissions are not strongly beamformed in space. There are several reasons why some of the emissions may not be strongly beamformed:

· At frequencies near to the wanted signal, if several beams are transmitted, the unwanted emissions are a product of all of the beam directions and become spatially flat.

· In a non-line of sight / multipath fading scenario, advanced beamforming algorithms optimize the transmissions to the instantaneous channel profile between the BS and the mobile station by adaptively transmitting energy with different intensity and phase in different directions. Although this adaptation maximises received power at the intended receiver, at other points in space the multipath channel profile differs from the one that the transmission has been optimized to, which results in a randomization of the phase from each of the received paths. Thus, other receivers are more likely to receive energy with no gain. Moreover, the unwanted emissions are the product of intermodulation of all of the directions of radiation of the wanted signal and are even further spatially whitened.

· At frequencies further away from the wanted carrier, the antenna response and phase response of filtering differs significant from the wanted carrier, destroying the beamforming effect.
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Figure 3: Example of spatial distribution of transmitted energy for the wanted signal to a single user in a multipath environment. The spurious emissions will be the product of an intermodulation between the different beams and will be spatially whitened.

Thus, impact to other victims relates to the total power radiated from the base station. If the spurious emissions requirement would be based on EIRP, then only the power in one direction would be captured. It would be possible for a transmitter radiating a large amount of power in all directions to exhibit the same amount of power in the EIRP direction as a system transmitting a low amount of power in all directions as demonstrated in Figure 4. Thus, the EIRP measurement would not properly relate to the total radiated power and to the impact to victim systems.
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Figure 4: Exaggerated example showing dispersed and concentrated spatial radiation of unwanted emissions.
Apart from not properly relating to the impact on victim systems, an EIRP requirement is difficult to define. Since the radiation pattern for unwanted emissions will shift with time, the directions of maximum and minimum EIRP will shift and be difficult to capture in a measurement environment.

Thus, RAN4 has adopted TRP as the metric for unwanted emissions, defined as follows:
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where PD(r,,) is the power density in W/m2 at a distance r of two orthogonal polarizations.

It should be noted that the definition of TRP is valid regardless of whether it is evaluated in the antenna near field or far field.
In the current version of the AAS BS (in 3GPP TS 37.105 [1]) and NR BS specification (in 3GPP TS 38.104 [2]), despite the conducted requirement and radiated directional requirements, the following RF requirements are defined based on the TRP metric: 

· OTA BS output power

· OTA Transmitter unwanted emissions

· OTA ACLR

· OTA Operating Band Unwanted Emissions / OTA Spectrum Emissions Mask
· OTA Transmitter spurious emissions

· OTA RX spurious emissions

<Text about relation to EMC requirements.>
3. Boundary between out-of-band and spurious domain (frequency offset)
In 3GPP RF specifications, the unwanted emission limits in the out-of-band domain for BS and UE are defined either as an Operating Band Unwanted Emission (OBUE) limit or as a Spectrum Emission Mask (SEM). OBUE is used for the BS and SEM mostly for the UE. The boundary between out-of-band and spurious domain is implemented differently for the two types of limits.
The OBUE limits are defined for BS across the operating band for freqeuncy bands below 6 GHz, placing the boundary to the spurious emissions requirements between 10 and 40 MHz from the band edge, depending on the bandwidth of the operating band. The OBUE limits inside the operating band are however also based on ERC Recommendations 74-01, using a reduced measurement bandwidth close to the carrier, as outlined in Annex 2 of the recommendation. This interpretation of ERC Recommendation 74-01 was previously agreed between 3GPP, ETSI and ECC.

The SEM limits used for the UE and for BS operating above 24.25 GHz are based on a more traditional application of the boundary between out-of-band and spurious domain, where the spurious emission limits apply starting at a frequency being separated from the carrier centre at the most by 250% of the transmission bandwidth.
4. Testing methodology (TRP)
For the radiated transmitter and receiver requirements defined presently for AAS BS and NR BS, several test methods are investigated by 3GPP. With unwanted emissions limits (as well as the BS output power requirement) defined as TRP, different OTA test methods for TRP measurements are investigated. While the test method is being specified in 3GPP RAN WG4, some flexibility in choice of OTA testing method is assumed in the conformance test specification. Also, it may not be possible to use a single test setup across the full range of spurious emission frequencies to be measured, where for example the reference measurement antenna needs to be changed.
For example, using a shielded anechoic chamber, similar to the one normally used for EMC radiated emissions testing, is a promising method for OTA unwanted emission testing. An example test setup is shown in Figure 5, where the Equipment Under Test (EUT) is moved in the azimuth and elevation directions while the measurement antenna position is fixed. 
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Figure 5: Example test setup for OTA unwanted emissions testing.
In theory, TRP implies making measurements around the whole sphere, leading to impractical test time. Therefore in practice, measurements may be made on a more finite and sparse measurement grid and potentially excluding some directions in which unwanted emissions in the out-of-band and spurious domains physically are not expected to radiate. TRP does not necessarily need to be measured on a very fine grid around the whole sphere for capturing unwanted emissions. A finer measurement grid might be needed only for the emissions which are identified to be close to the limits. 
There are several methods possible that reduces the measurement grid ant time needed:

· When a more sparse measurement grid is selected, careful consideration is made of the trade-off between the TRP estimation error and the number of measurement points in the spatial domain. 
· A pre-scan procedure can be used, aiming to identify the important emissions before TRP measurements in view of reducing measurement time. The pre-scan procedure may or may not utilize a measurement grid.
· In case the EUT is capable of narrow beamforming and beam-tracking, a method based on beam sweeping is a possibility to reduce the test time and improve the reliability of the method. Beam sweeping incorporates the dynamic nature of a beam formed signal to create a spatial average and thereby reduces the estimation error and enables a more course grid.

3GPP RAN is presently developing the detailed test specifications to use for BS and UE transmitter and receiver requirements, including OTA unwanted emissions. Two example methods using the methods described above can be found in [4] and [5].
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