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1. Background

A WF for several receiver requirements was agreed in [1] at RAN4#84bis, and also TR text was agreed implementing the WF. This TP aims to capture some further details for the receiver requirements in order to complete the TR text. It does not modify any existing agreements.
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6
Radiated receiver characteristics 

6.1
General
6.1.1
Spatial requirements

Overview of the radiated Rx requirements of the AAS BS is presented in table 6.1.1-1.

Table 6.1.1-1: Overview of radiated Rx requirements
	AAS BS requirement
	OTA requirement type
	Applicability levels
	Coverage range
	Number of conformance directions

	Minimum EIS


	Single direction
	-
	All declared OSDD
	5

	Dynamic range
	Single direction
	OTA REFSENS
	OTA REFSENS RoAoA
	1

	In-band selectivity and blocking
	Single direction
	OTA REFSENS and OTA minimum sensitivity
	OTA REFSENS RoAoA and Minimum OSDD
	5

	ACS and narrowband blocking
	Single direction
	OTA REFSENS (NB blocking only) and OTA minimum sensitivity
	OTA REFSENS RoAoA (NB blocking only)

Minimum OSDD (both)
	5 (blocking)

1 (ACS)

	Out-of-band blocking
	Single direction
	OTA minimum sensitivity
	Minimum OSDD
	1

	Receiver spurious emissions
	TRP
	-
	-
	-

	Receiver intermodulation
	Single direction
	OTA REFSENS and OTA minimum sensitivity
	OTA REFSENS RoAoA and minimum OSDD
	1

	In-channel selectivity
	Single direction
	OTA minimum sensitivity
	Minimum OSDD
	1


6.1.2

Receive loss factor assumption

The receiver loss factor is used to translate conducted power levels to OTA power levels.
The receiver loss factor accounting for antenna losses, distribution losses, integration losses etc. in the receiver path(s) for the in-band, out-of-band and spurious region is assumed to be 0dB.
as:

For emissions the same reasoning as the transmitter that assuming the same conducted and radiated power level as assumed in ITU-R SM.329 [18]

6.1.3

Minimum OSDD

The minimum OTA sensitivity requirement has been derived in the release 13 specifications and will continue to be applicable for rel-15 eAAS. The minimum sensitivity requirement is based on declared OSDD. For some receiver requirements, requirements are applicable with wanted signal levels set relative to minimum sensitivity. When these requirements are applied, the so-called minimum OSDD is used for setting the requirements. The minimum OSDD is the OSDD with the lowest declared EIS value.
6.2
Reference sensitivity level


6.2.1 
Background information on the conducted requirement

The conducted reference sensitivity serves two purposes. The first purpose is as a minimum RF performance requirement for sensitivity. The second purpose is as a reference level from which other RX requirements are defined.

The wide area sensitivity requirement has been derived based on estimation and assumption of the achievable noise figure in the BS receiver and the SNR requirement for the reference measurement channel.

For the medium range BS class, system simulations were conducted based on 2 network layers of which one was a macro layer and a second a micro layer. The micro sensitivity is set such that the macro layer is not significantly degraded due to large power UL transmissions in the micro layer, whilst the micro layer sensitivity is somewhat relaxed due to the fact that interference from the macro layer renders achieving the same sensitivity level not useful. Based on the simulations, a different sensitivity level than for the wide area BS class was decided.

For the local area BS class, system simulations and calculations of interference to the pico cells due to other network layers was calculated. The presences of potentially strong interference due to UEs transmitting to micros or macros means that a tight sensitivity for a pico cell does not make sense from a performance or cost perspective.

Thus in effect the wide area sensitivity is based on achievable performance, whilst the sensitivity for the other layers is based on interference conditions in a heterogeneous network.

6.2.2
OTA sensitivity requirements
6.2.2.1
General

In the Rel-13 AAS BS specification TS 37.105 [3] there are 2 requirements related to receiver sensitivity:

· Reference sensitivity part of the conducted receiver requirements; applies per TAB connector.
· Sub-cause 10.2 OTA sensitivity: Part of the radiated receiver requirements; applies in the far field region over the declared OSDD.

The Rel-13 OTA sensitivity requirement currently is based on meeting a declared EIS value over a declared RoAoA. This declared requirement is maintained for Rel-15 AAS BS OTA sensitivity requirement. In addition, in order to provide a minimum EIS requirement level which can replace the conducted reference sensitivity level, additional minimum requirement is set based on the existing conducted minimum requirement in Rel-13.

As the declared RoAoA for the Rel-13 OTA sensitivity requirement is not bounded by specific requirements (such as the 3dB contour) it can capture a much larger RoAoA and hence demonstrate the spatial performance of the receiver including the antenna. One important characteristic which can be captured is the scan loss of the system due to large steering angles and antenna geometry.

The OTA reference sensitivity (OTA REFSENS) requirement is the OTA equivalent of the conducted reference sensitivity, its intention is not to specifically capture antenna performance but rather to estimate an equivalent passive antenna gain if it were being used in the same deployment scenario and show equivalence to the conducted requirement.

The OTA REFSENS requirement does not replace the existing OTA sensitivity requirement in sub-clause 9.2 of TS 37.105 [3] but it is an additional new OTA requirement.

6.2.2.2
Core requirement

6.2.2.2.1
OTA Sensitivity 

The declared OTA sensitivity requirement is based upon declaration of one or more OSDD, following the concept defined for Rel-13 AAS specification TS 37.105, sub-clause 10.2.

6.2.2.2.2
OTA reference sensitivity 

OTA REFSENS is specified over the RoAoA which define a contour equivalent to the 3dB beam width of a non-AAS passive antenna covering the same RoAoA. Using the 3dB contour allows for simple estimation of equivalent directivity by use of standard formula. 

The OTA REFSENS level (EISREFSENS) depends on the equivalent directivity of a passive antenna pattern which has the same beam width(s) as the AAS element or sub-array (declared via OTA REFSENS RoAoA) and can be calculated in dBm as follows:
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Where: 

· DRX_OTA+MARGIN is an implementation margin to allow for errors associated with beam forming in the UL. The DRX_OTA_MARGIN value is [1-2] dB.
· PREFSENS is the conducted reference sensitivity level in dBm in the Rel-13 TS 37.105 [3].
· D0 is the estimated antenna peak directivity in dBi of a non-AAS BS, which has a beam pattern related to the AAS BS OTA REFSENS RoAoA region.  D0 is approximated by the Elliot’s formula and expressed as, 

· 
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Where,

 BeWθ is the beamwidth equivalent to the range of OTA REFSENS RoAoA in the θ-axis in degrees.

BeWφ is the beamwidth equivalent to the range of OTA REFSENS RoAoA in the φ-axis in degrees.

And OTA REFSENS RoAoA is declared by the vendor.
· Doff-peak is the peak directivity off-peak margin equal to 3dB which is used to allow coverage for the OTA REFSENS RoAoA region other than just in the peak direction, using the same estimated antenna pattern used to derive the estimated antenna directivity D0. 

Redirection capability is a spatial performance characteristic of the antenna and hence is part of the OTA sensitivity requirement. The OTA REFSENS requirement demonstrates the minimum sensitivity of the OTA AAS BS receiver and hence requires only a single OTA REFSENS RoAoA to be declared per operating band.
DRX_OTA_MARGIN allows for degradation in receiver performance due to beam forming aspects, including (but not excluded to):
· Steering error

· Correlation of noise sources in RX units.

· Baseband combining efficiency/implementation margin

The value of DRX_OTA_MARGIN is FFS.
6.2.2.3
Conformance requirement

6.2.2.3.1
OTA Sensitivity 

Conformance testing for OTA sensitivity is performed for the five directions same as the Rel-13 OTA sensitivity requirements as described in sub-clause 7.3.3 in TR 37.842. Same requirements for Rel-13 OTA sensitivity apply.

6.2.2.3.2
OTA reference sensitivity 

Conformance testing for OTA reference sensitivity is performed for the following five directions.

-
The receiver target reference direction.
-
The direction determined by the maximum  value achievable inside the OTA REFSENS RoAoA maintaining the receiver target reference direction  value.

-
The direction determined by the minimum  value achievable inside the OTA REFSENS RoAoA maintaining the receiver target reference direction  value.

-
The direction determined by the maximum  value achievable inside the OTA REFSENS RoAoA maintaining the receiver target reference direction  value.

-
The direction determined by the minimum  value achievable inside the OTA REFSENS RoAoA maintaining the receiver target reference direction  value.

The manufacturer declares the five directions for conformance testing.

The measured EIS should be less than or equal to the EISREFSENS + Test Tolerance value.

6.2.2.4
Extreme conditions
The exiting core conducted requirements in TS 37.105 do not explicitly identify a extreme conditions receiver requirement, however in the conformance requirement TS 37.145 conducted reference sensitivity has a conformance requirement over the extreme conditions. The same is true for the 25, 36 and 37 series non-AAS requirements.

It is not cleat the reason why the core requirement is not captured, however to keep the specifications as similar is possible the same approach is used in the OTA part of the AAS specification.

Extreme temperature requirements for sensitivity could be applied to either OTA sensitivity or to OTA REFSENS, however as OTA REFSENS is intended primarily as the reference performance level for the interference requirements and it will be larger or equal to the OTA sensitivity level, the extreme requirements are best applied to OTA sensitivity rather than OAT REFSENS. By passing OTA sensitivity requirements the extreme performance of OTA REFSENS is also demonstrated.

As there may be multiple OSDD’s declared for OTA sensitivity (OTA REFSENS has a single OTA EFSENS RoAoA) and hence a greater number of conformance directions. Extreme condition conformance directions should be minimised and restricted to reference directions only.

6.3
Dynamic range
6.3.1
Background information on the conducted requirement

The dynamic range requirement is related to the maximum co-channel input power than the receiver is expected to experience during operation. The receiver is exposed to a wanted signal and an interfering signal. The interfering level is set at around 20dB above the receiver noise floor (assuming 5dB NF in the receiver) and represents an estimated inter-cell interference scenario in an interference limited uplink (that was derived through simulations). The wanted signal level is set to a level at which 95% throughput is obtainable for a 16QAM based FRC. In effect, the RF level is that expected when the receiver is achieving a high SINR despite a large interference level.

Part of the design of the requirement involves deciding on an estimate for a worst-case level of inter-cell interference that will be experienced by the BS receiver. The existing simulations of inter-cell interference performed for the existing requirement are based on a fixed passive BS antenna. 

6.3.2 
Core requirement: Receiver dynamic range

Under the assumption that there is no spatial rejection of the interference, in order to provide a reasonable conformance test, it was agreed that the requirement assumes that the wanted signal and interfering signal come from the same direction.

It is important to consider with this requirement that both wanted signal and AWGN will be transmitted from the test equipment during the OTA test. Since the AWGN is much higher than the receiver noise floor, the AWGN will dominate the SINR. Both RF and in baseband will provide the same combining gain for both the wanted signal and the AWGN, since both are co-channel and come from the same direction. 

Thus, there will be no impact of combining gain to the requirement. For this reason, a 2-level requirement, such as is discussed for the receiver in band blocking requirement is not necessary for receiver dynamic range.
The receiver dynamic range requirement is thus tested with the following signal levels:
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The requirement is applicable for all directions within the OTA REFSENS RoAoA.
6.3.2 
Conformance requirement: Receiver dynamic range

Testing is defined in the receiver target reference direction. The wanted signal and interfering signal are both aligned in space.
6.4
In-band selectivity and blocking

6.4.1
Background information on the conducted requirement

The in band receiver blocking requirement captures minimum requirements on several aspects of receiver behaviour. The conducted in band blocking requirement is based upon placing a high power interferer within the band on another carrier to a wanted signal. The Several types of interferer and several frequency relationships are defined in different blocking tests.
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Figure 6.4.1-1 Example of an RX blocking requirement
The basic principle of the blocking test is that when the blocker is applied, a throughput target on the wanted signal should continue to be achieved. The wanted signal is set at 6dB above reference sensitivity with the same RMC as for reference sensitivity. Thus in principle distortion arising from the blocker is allowed to desensitize a receiver operating at exactly reference sensitivity by around 6dB. 

It should be noted that the wanted signal level is set with respect to reference sensitivity, which is a minimum requirement and not the actual sensitivity level of the receiver, which may be lower. 

Two signal levels are required for the blocking requirement; the blocker interferer level and the wanted signal level. To derive the blocker interferer level for wide area BS, uplink system level simulations were performed as documented in the TR 36.942 [5]. The blocker interferer level was decided partially by considering the 99.99th percentile of RX power observed from a non co-located aggressor LTE system on a victim system but mainly based on the UE transmit power and MCL. Later on, the AAS SI in 37.840 [6] investigated the dependency of the conducted blocker interferer level on antenna architecture and concluded that for the investigated array types, the conducted blocker interferer level was similar both for a receiver attached to a passive array and one attached to an individual antenna element. Based on this, in 37.105 [3] a per TAB connector conducted blocking interferer level is defined that is the same as the blocker interferer level defined in 37.104 [7].

For UTRA single RAT, blocker interferer levels were derived using system level simulations for the medium range and local area BS classes [10]. Higher blocker interferer levels are defined that for the wide area scenario. The wanted signal level is kept at 6dB above the reference sensitivity.
For E-UTRA single RAT, the blocker interferer level for the local area BS class was derived from system level simulations [12], and the wanted signal set at 6dB above reference sensitivity. For the medium range BS class, the wanted signal was set at 6dB above reference sensitivity, whilst the blocker interferer level was adjusted such that the difference between the blocker interferer level and the wanted signal level is equalized between E-UTRA wide area and medium range (The adjustment is needed because the reference sensitivity level differs between the two classes) [11]. 

Comparing UTRA and E-UTRA single RAT blocking requirements, there are differences in the blocker interferer levels (UTRA being larger). For MSR, there is a need for a single set of in band blocking requirements. To achieve this, the UTRA blocker interferer levels, which are more stringent than the E-UTRA were used for the MSR blocking requirement. However the difference between the blocker interferer level and the wanted signal level needed for the wide area BS class to pass blocking is also maintained for the other BS classes. To achieve this, the offset of the wanted signal from the reference sensitivity is adjusted and different to 6dB for E-UTRA. Also the UTRA wanted signal levels are adjusted to keep a common difference between the blocker interferer level and the wanted signal level. 

6.4.2
In-band selectivity and blocking: Core requirement

The conducted blocking level simulations assumptions use 3 UE’s in the interfering network, the interferer level recorded for the statistical analysis is the total of all 3 interfering UE’s. When translating this to an OTA requirement where the direction of the interferer also needs to be specified this can cause an added complication.

Directional information is distorted within the existing coexistence simulation framework due to the fact that multipath propagation is approximated as lognormal shadow fading. Whereas in the real world, several multipaths will arrive from different directions in to the antenna, in the simulation the signal arrives from the line of sight direction, but a random fading margin is added. Nonetheless, coarse observations on likely locations of blocking UEs can be considered. Thus, using the same simulation parameters as the conducted blocking simulation but recording the data on the power level and location of the UE’s which defined the 99.99% point it was however found that the total power is dominated by a single UE
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Figure 6.4.2-1.Sample of 99.99% Blocking interference level and individual UE power

Therefore only a single interference direction is required to represent the 99.99% blocking case.

The same 99.99% blocking UE’s were investigated to see if they came from a predictable direction. 
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Figure 6.4.2-2 99.99% Blocking interfering UE location

The 99.99% UE’s direction was found in both azimuth and elevation to be approximately within the element beam width. Whether this is true when multipath propagation is considered is not clear from this type of simulation.
The simulation does not take into account the wanted signal and so it is not possible to find the direction of the wanted signal by the same analysis. It was judged to be feasible however to make a worst case assumption that the wanted UE and the aggressor UE are in the same direction. The assumption may have caused some over dimensioning of the blocking requirement, since the probability of the wanted signal and blocker arriving in the same direction is not 100%, but the potential over dimensioning is seen as acceptable for E-UTRA/UTRA requirements.
In sub-clause 6.2.2.2.2 the OTA reference sensitivity has been defined, this is based on the OTA REFSENS RoAoA which represents the average element/sub-array radiation pattern beam width and is intended to be the OTA equivalent of the conducted reference sensitivity. As such it provides a suitable basis for the OTA wanted signal power level when considering the maximum interference level at the input of each receiver unit.

As the wanted signal and the interferer are in the same location for the purpose of the requirement, and the purpose of the OTA requirements is to offer the same protection and performance as the conducted requirements the difference between the wanted signal and the interfering signal should be maintained. The conducted blocking interferer level can hence be translated to an OTA level using the same method:
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Where: 

· PConducted_blocker is the conducted blocking interferer level is rel13 
· PREFSENS, D0 ,  Doff-peak , and DRX_OTA+MARGIN are the same as defined in sub-clause 6.2.2.2.2.
Or more simply
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As OTA reference sensitivity and the OTA blocker level are both translated to OTA levels using the same method they retain the same difference and hence the requirement on the receiver unit hardware is similar to the existing conducted specification.

D0 is based on the OTA REFSENS RoAoA which is based on the element/sub array pattern as such is the minimum possible antenna gain for the AAS BS. The blocker interfere level is hence the largest level possible. This ensures that the linearity of the receiver for high signal levels at each of the receiver unit inputs. 

However as the conducted requirements are per receiver unit and the OTA level is for the composite receive function the OTA REFSENS value does not include all of the beam forming gain the composite antenna provides. As such the receiver minimum sensitivity as not accuracy represented by the OTA REFSENS value.  

When considering the conducted blocking requirement the receiver noise contributes to the receiver performance under blocking conditions as such the interference contribution due to the blocking interferer is only 4.7dB rather than 6dB. When only the element gain is considered the lower antenna gain results in higher blocker and wanted signal levels and the noise floor does not contribute significantly to the noise floor so the interference contribution due to the blocking interferer may be the full 6dB.

For example consider an element of 65° by 65°, in an 10x1 array (0.9λspacing) with the lowest declared EIS of -116dBm

For E-UTRA wide area 
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For the OTA REFSENS as a wanted power we have:
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For the minimum EIS case we have
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As in both cases the system noise floor for the wanted signal is the same and is based on the composite receiver gain (i.e. -117dBm in this example), for the minimum gain case the interference contribution due to the blocking interferer may be:
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 or a contribution of 4.7dB 

For the OTA REFSENS case the interference contribution due to the blocking interferer may be
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Although the OTA REFSENS case has a higher interferer level it may also generate a higher contribution of interference, hence it is difficult to define an absolute worst case as the 2 conditions cover 2 different cases:

· OTA REFSENS covers the maximum interference level at the RX unit input

· Minimum EIS covers the case where the effect of the system noise figure is considered.

It is important to bear in mind that the ratio of wanted signal level to blocking level is related to the probability of users and RX power levels occurring in adjacent networks. The probabilities of the signal levels do not change as a result of BS architecture, and thus changing the blocking to wanted signal level would lead to a change in the blocking probability provided by the network.
As both these cases are important the OTA blocking requirement is set at 2 levels, in both cases the delta between the wanted signal and the blocking interferer (Δwanted-blocker) is the same as the difference between the two in the conducted requirement (e.g.52.5B for wide area E-UTRA). This delta value is then applied at 2 OTA wanted signal EIS levels

1. EISREFSENS + 6dB

2. EISmin + 6dB

Where EISmin is the lowest EIS value declared in each of the OSDD declarations for the OTA sensitivity requirement.
Thus, in summary, the requirement is applicable at two levels and two RoAoAs:
Requirement 1:
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Applicable over the OTA REFSENS RoAoA.

Requirement 2:

EISwanted = EISmin + 6dB

POTA_blocker = EISwanted + 
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Where EISmin is the EIS declared for the minimum OSDD.
The requirement is applicable within the minimum OSDD.
6.4.3
In-band selectivity and blocking: Conformance requirement

The OTA blocking requirement is tested using the same set of 5 conformance directions as the OTA sensitivity requirement. However in each direction, only one of the two blocking requirements is tested. Each of the two requirements is tested in at least one direction.
6.5
Out-of-band blocking
6.5.1
Background

The existing conducted out of band blocking requirement is based on a wanted signal level at PREFSENS + 6dB, and a CW interfere at -15dBm. It is valid from 1MHz to 12.75GHz excluding the operating band plus a guard (usually 20MHz either side).

The original derivation of the -15dBm level was done for the first release of the UTRA specification. The level of -15dBm is based on analysis done on interference from a number of systems which are close in frequency to the 3GPP bands, notable other 3GPP bands in particular the TDD band 2010 to 2025MHz and 2400MHz ISM bands. In both cases the level of -15dBm was derived by considering the interfere power level, the MCL and assuming that the BS antenna. has the same gain for wanted and interfere signals. In some cases the figures were calculated for the UE and then applied to the BS at the same level.

The simple calculations were as follows:


TDD band 2010 to 2025MHz :
BS to UE case
43dBm-60 = -17dBm


WLAN : max emitted power = 30dBm, requirement approx -15dBm

Based on the available documented information, no consideration was taken for systems operating at vastly different frequencies from the operating band. For a conducted requirement for a single transceiver it is reasonable to apply the same requirement level across the whole out of band spectrum as it likely the requirement is toughest close to the operational band.

6.5.2 
Out-of-band blocking OTA core requirement

6.5.2.1
Interferer level

There are a number of considerations which make translating the conducted requirement to an OTA requirement challenging:

· The out of band antenna gain is unknown.

· The PL at high frequencies (i.e. up to 12.75GHz) means that the radiated power levels required to provide -15dBm at conducted point are unfeasibly high.

Clearly the interferers are present irrespective of the victim antenna gain, the original levels assumed that the victim antenna gain was the same as the in band gain, but no analysis was done at very high (or low) frequencies.  This was acceptable considering the conducted requirement and the fact it is difficult to estimate out of band antenna gain. However with the OTA requirement it is not necessary to estimate antenna gain so the power level of the original OTA interfere can be considered.

This also applied to point 2 where it is clearly unnecessary for the requirement OTA interfere to be at a higher power level than the transmission which is the source of the requirement.

For the purposes of the OTA requirement it is useful to consider that the interferer power level is specified at a fixed distance from the AAS BS. This distance does not have to be representative of either the actual minimum distance of the interferer source or be at the same power level (of the interferer). The distance and the level can be adjusted to ensure the requirement presents a worst case requirement for the worst case interferer levels. 

For frequencies outside the operating band width of the antenna the exact antenna gain is unknown, however if we know that the antenna physical aperture is constant. Antenna gain based on aperture can be calculated as follows:
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, where Aphys is the physical antenna aperture, and ea is the radiation efficiency.

Free space path loss is given by
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where d is the distance in metres.

The resultant of the antenna gain and the path loss is given by:
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In practice the radiation efficiency is not the same at all frequencies (as antenna elements will be tuned) but is a reasonable worst case simplification we can use. Hence we can assume that the wavelength dependency the path loss and the antenna gain cancel each out to and worst case a fixed interferer power at a fixed distance will result in a fixed equivalent conducted level.

Analysis shows that the worst case interferers are still other 3GPP BS and WLAN systems

For BS to BS the OTA interference power level is given by the co-existence scenario at 288m i.e. 43dBm+13dBi-6dB=50dBm.

The WLAN interference can be calculated based on BS to UE minimum distance and the WLAN Tx power, WLAN is specified in EIRP rather than total power, the value is 30dB EIRP hence the interference power level can be calculated as 30dBm (EIRP) at a distance of 42m.

For example: these 2 requirements can be resolved to a single worst case power level a suitable fixed distance for the specification for example at 10m


BS to BS = 50dBm -20*log10(10/288) = -50 -29.2 = 20.8dBm


WLAN = 30 – 20*log10(10/42) = 30 – 12.5 = 17.5dBm

The exact level and distance for the requirement are FFS.

6.5.2.2
Wanted signal level and direction

As with the in-band blocking requirements whist during operational conditions it is unlikely that the wanted signal and the interferer will be in the same direction for the purposes of defining the RF requirement they can be considered to be in the same direction.

The impact of the blocking interfere on the system sensitivity is largest when the wanted signal is at its lowest level. The wanted signal is therefore defined at [minSENS] + 6dB.

For practical purposes the OTA wanted signal level is only specified within the declared RoAoA, the direction of the RoAoA will coincide with the direction of the antenna maximum gain, this can be assumed to apply for out of band performance as well as in band performance. The out of band blocking requirements are hence only specified over the receiver RoAoA associated with [minSENS].
6.5.3
Out-of-band blocking OTA conformance requirement

Out of band blocking is a long test and hence it is optimum to minimize the number of conformance test directions. The antenna gain can be assumed to be maximum at the reference direction, therefore it is sufficient to show conformance at the reference direction only.
6.6
Receiver spurious emissions


6.6.1
Background information on the conducted requirement

Referring to the TS 37.105 [3], the RX spurious emissions power is defined as power of emissions generated or amplified in a receiver unit that appear at the TAB connector. The RX spurious emissions test purpose is to verify the ability of the AAS BS to limit the interference caused by receiver spurious emissions to other systems. Number of constraints are applicable for the RX spurious requirement depending on the TAB connectors capabilities: 
1. The requirements apply to all AAS BS with separate RX and TX TAB connectors. In this case for FDD AAS BS the test is performed when both TX and RX are ON, with the TX TAB connector terminated,

2. For a TAB connector supporting both RX and TX in TDD, the requirements apply during the transmitter OFF period,

3. For a TAB connector supporting both RX and TX in FDD, the receiver spurious requirements are superseded by the TX spurious requirements.

Based on the above limitations, it can be observed that the conducted RX spurious emissions requirement applicability is limited to the following cases: 

1. TDD case: applicable for RX TAB connectors and TX/RX TAB connectors, during TX OFF period,

2. FDD case: applicable for RX TAB connectors, during TX ON period, when TX TAB connectors are terminated.

According to TS 37.105, the RX spurious emission limits for AAS BS apply in the frequency range from 30 MHz to 12.75 GHz, with consideration of the RAT-specific frequency exclusions for the OBUE/SEM, as well as the spurious range upper frequency limit extensions for selected operating bands, as defined in subclause 5.6.6.1 for the TX spurious emissions requirement. 

In terms of emission levels, the basic limits and its scaling was also applied to the RX spurious emissions, similar to the TX spurious emissions. 

6.6.2
Receiver spurious emissions OTA: Core requirement

The metric used to capture the receiver spurious emissions OTA is TRP, defined in the same way as for the transmitter spurious emissions OTA, in subclause 5.6.6.2.

The receiver spurious emission requirement is subject to the following limitations: 

1. For OTA AAS BS operating in FDD: OTA RX spurious emissions requirement will not apply to FDD duplex as being superseded by the OTA TX spurious emissions requirement. This is due to the fact that TX and RX spurious emissions cannot be distinguished in OTA domain.

NOTE:
The OTA receiver spurious emission requirement applicability for the AAS BS with the RX-only capabilities is FFS. 

2. For OTA AAS BS operating in TDD: the OTA receiver spurious emissions requirement applies during the transmitter OFF period only.
The core requirement for the RX spurious emissions OTA will be applied over the same spurious range as defined for the conducted RX spurious requirement in subclause 6.6.1.

Derivation of the emission levels for the OTA RX spurious emissions requirement will be aligned with the methodology used for the derivation of TX spurious emission levels with the emissions limit, as captured in subclause 5.6.6.2. 

6.6.3
Receiver spurious emissions OTA: Conformance requirement

In general, derivation of the OTA conformance requirement for the RX spurious emissions, will use the same principles as for the TX spurious emissions requirement OTA, as in section 5.6.6.3.

Definition of the emissions measurements for the conformance requirement will be based on the core requirement, subject to the TRP MU, where the MU definition should capture the whole spurious frequency range.  

NOTE:
The OTA RX spurious emission requirement for the AAS BS with the RX-only capabilities is FFS. 

For OTA AAS BS operating in TDD: applicability the OTA RX spurious emissions conformance requirement when all transmitters are OFF, is FFS.

6.7
Receiver intermodulation

6.7.1
Background information on the conducted requirement

The receiver intermodulation requirement relates to the ability of the receiver to avoid mixing (i.e. intermodulation) between 2 strong interferers leading to a significant noise floor rise in the receiver.

A scenario in which IM would arise would be one in which two UEs/transmitters from two interfering systems provide strong enough interference to the basestation simultaneously. The interferer levels have been set to be the same in the E-UTRA requirement for simplicity reasons; it is not necessarily the case that the interferer levels would be the same in real conditions. Neither is equal interferer levels necessarily the worst case.
6.7.2
Receiver intermodulation: Core requirement

Differing antenna architectures could have an impact to RX IM scenarios. However, simulation based investigation would be a highly complex and multidimensional problem for which there was insufficient time within the WI. Fortunately, several factors can be considered which to some extent mitigate the need for such an investigation:

· It may be assumed that the two interfering systems are statistically independent

· If it is also assumed that the two interfering systems operate the same RAT in the same deployment scenario (but on different frequencies), then their interference characteristics would be identical

· For the blocking requirement, an assumption has been made that the conducted blocking level does not depend on the antenna element or module pattern. If the same assumption should be true for each of the interfering systems for RX intermodulation

· The RX IM levels should be lower than the blocking level, since the probability of two interferers both having a high level simultaneously is lower than the probability of only one interferer having a high level

· The justification in terms of simplification in assuming equal levels for the conducted requirements can be re-applied for OTA requirements

Taking these factors into account, the OTA RX IM requirement is defined based on the conducted RX IM requirement, with the conducted signal levels translated to OTA levels. Considering in particular the reasoning that the independent conducted levels should not depend on antenna element or module pattern, then a similar approach is adopted for receiver intermodulation as for receiver blocking; i.e. apply the requirement assuming all signals come from the same direction.

Since RX intermodulation will relate to receiver non-linearities, it is important that the correct absolute conducted level is achieved by the OTA requirement for the receiver intermodulation. This is achieved by using the gain estimated from the OTA REFSENS RoAoA.

For the receiver blocking test, the requirement is also applied at lower absolute signal levels relating to the OTA minimum sensitivity. For RX IM, the signal levels are reduced then the IM effects are likely to reduce  due to the LNA operating well within it’s linearity region. However in order to be consistent with the in band blocking requirement, RX IM is also at both levels.
Thus, in summary, the requirement is applicable at two levels and two RoAoAs:

Requirement 1:
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Applicable over the OTA REFSENS RoAoA.

Requirement 2:

EISwanted = EISmin + 6dB

POTA_interferer1 =  EISmin + 6dB+Pconducted_interferer1-Prefsens
POTA_interferer2 =  EISmin + 6dB+Pconducted_interferer2-Prefsens
Where EISmin is the EIS declared for the minimum OSDD.
The requirement is applicable within the minimum OSDD.
6.7.3
Receiver intermodulation: Conformance requirement
Since RX sensitivity and blocking already test at all conformance directions, it is  sufficient to test RX IM only in a single direction.
6.8
In-channel selectivity
6.8.1 
Background information on the conducted requirement
The in-channel selectivity requirement relates to the ability of the receiver to receive a low power signal whilst receiving a high-power signal in channel. 

The selectivity is around 20dB in 36.104; this happens to be roughly equal to the SINR range of the demodulation requirements.

6.8.2 
In-channel selectivity: Core requirement

For setting the requirement, the same ICS as for the conducted requirements is assumed. 

In regard to how to set the absolute levelsIt is worthwhile to consider that aspects of the receiver design that impact the selectivity include linearity, ADC range, phase noise, frequency error and others. The applicable aspects of receiver design will divide into those which become of significance at high absolute power level and those that do not (e.g. phase noise). Other requirements, such as receiver blocking and dynamic range already capture the behavior of the receiver at high power level. It is important that the selectivity is achieved after combining. Thus, the most important receiver level to consider for this requirement is the level based on OTA minimum sensitivity. 

Thus, the receiver ICS requirement is specified at minimum sensitivity level:

Wanted signal level = Conducted wanted signal level + (OTA minimum sensitivity – Conducted Reference Sensitivity)
Interferer level = Conducted interferer level + (OTA minimum sensitivity – Conducted Reference Sensitivity)
Where the OTA minimum sensitivity is the EIS corresponding to the minimum OSDD. The requirement is applicable within the minimum OSDD.
6.8.3 
In-channel selectivity: Conformance requirement

The in channel selectivity requirement is tested in a single direction.
6.9
ACS and NB blocking

6.9.1 
Background information on the conducted requirement

Adjacent channel selectivity (ACS) is a measure of the receiver ability to receive a wanted signal at its assigned channel frequency in the presence of an adjacent channel signal with a specified centre frequency offset of the interfering signal to the band edge of a victim system.

ACS is derived by considering the results of coexistence system simulations that examine the impact of an aggressor system on the throughput attainable in a victim system. The ACIR, ACLR and ACS levels are set such that the average and 5th percentile throughput do not suffer a significant degradation in a victim network (usually no more than 5%), when adjacent channel interference from an aggressor network is modeled. The simulations are Monte Carlo simulations in which in effect all possible combinations of receiver SINR and interfering signal are modeled to find an ACIR requirement for the up-link and then the ACIR is shared between the BS ACS and the UR ACLR. Both these figures are relative.
It is worthwhile to note that the blocking requirement considers a particular situation in which the interfering signal is received with a very high level, whilst the wanted signal is low. However, the ACS may lead to degradation in many other situations, quite often in situations in which the wanted signal has high SINR and the interfering signal is received at a significantly lower power level than the blocking level. If the selectivity against the interfering signal is not sufficient, then high SINR wanted signals may suffer significant degradation.

The relative ACS for the BS requirement is 45dBc.

The ACS requirement is in the form of an absolute interferer level and an absolute wanted signal level. The wanted signal level and the ACS relative requirement is used to find the ACS absolute value as follows:

For UTRA wide area BS:
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And For E-UTRA wide area BS, 10MHz channel BW:
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Note: The actual E-UTRA requirement is -52dBm the same as UTRA.

The wanted power is an offset from REFSENS, generally it is REFSENS +6dB however for E-UTRA as the REFSENS is different for different channel band widths the wanted power the wanted signal is fixed based on the 5-20MHz channel band width requirement.

6.9.2 
ACS and NB blocking: Core requirement

The ACS requirement is intended to specify the  selectivity of the receiver, not the ability of the receiver to process a large signal level. 

The conducted ACS has been derived based on co-existence simulations that take into account antenna selectivity considering a passive column. Thus, assuming that the AAS has the same type of antenna as the simulated scenario, then the task of the requirement definition and test is to re-create the conducted requirement. This implies that the test can be carried out with the wanted and interfering signals aligned in direction; there is no need to consider different directions for the signals, since selectivity has already been taken into account in the simulations used to derive the requirement.

For a beamforming system, the beamforming pattern is likely to provide additional spatial selectivity. During the eAAS WI, the impact of this additional spatial selectivity on ACS was not investigated. It is possible that for beamforming systems, the required ACS may be lower than 45dBc; it will not be higher.

The same 45dBc is re-used for the OTA requirement.

It is agreed that the blocking requirements will be tested using two OTA levels; one based on the OTA REFSENS RoAoA declaration and the second based on the  OTA minimum sensitivity which is derived from the OSDD declarations. The purpose of the second level is to avoid that digital combining leads to the blocking being tested with the wanted signal at a large offset against the noise floor in the receiver.

For the ACS requirement, if due to combining the wanted signal would be significantly above the noise floor, then the selectivity would be relaxed somewhat. Thus, testing ACS using a 6dB degradation against the minimum sensitivity level is a better requirement. On the other hand, testing of ACS based on the OTA REFSENS is not needed, since the blocking requirements tests the ability of the receiver to correctly manage absolute signal levels.

As the conducted absolute ACS level is an offset from REFSENS, the OTA ACS absolute value can be easily found as an offset from OTA minimum sensitivity value. Thus the requirement is specified as follows:
Wanted signal level = Conducted wanted signal level + (OTA minimum sensitivity – Conducted Reference Sensitivity)
Interferer level = Conducted interferer level + (OTA minimum sensitivity – Conducted Reference Sensitivity)
Where OTA minimum sensitivity is the EIS corresponding to the minimum OSDD. The requirement is valid over the OTA minimum OSDD.

The NB blocking requirement is defined using both the OTA REFSENS RoAoA and the OTA minimum sensitivity RoAoA in the same manner as the in band blocking requirement:

Requirement 1:


[image: image31.wmf](

)

MARGIN

OTA

RX

peak

off

REFSENS

Wanted

D

D

D

P

EIS

_

_

0

6

+

+

-

+

=

-



[image: image32.wmf]MARGIN

OTA

RX

peak

off

bloc

Conducted

blco

OTA

D

D

D

P

P

_

_

0

ker

_

ker

_

+

+

-

=

-


Applicable over the OTA REFSENS RoAoA.

Requirement 2:

EISwanted = EISmin + 6dB

POTA_blocker = EISwanted + 
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Where EISmin is the EIS declared for the minimum OSDD.
The requirement is applicable within the minimum OSDD.

6.9.3 
ACS and NB blocking: Conformance requirement

Conformance of the ACS  requirements can be shown in the reference direction..
Conformance of the NB blocking requirement is shown in the same directions as OTA REFSENS.
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