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1 Introduction
In last RAN4 meeting [1], we discussed that some RF requirements for the legacy BS are derived based on an assumed reference antenna to ensure system coexistence. For AAS with a declared antenna which might be different from the assumed reference antenna, these RF requirements for the active part of AAS need careful studying. 
This contribution gives a brief review on derivation of typical RF requirements for legacy BS in 3GPP and other international regulations, such as FCC, ECC/CEPT, ITU-R in order to better understand what requirements for the legacy BS are derived based on an “assumed” reference antenna, and then we know what requirements need studying for AAS.
2 Discussion
2.1 BS Class

So far in 3GPP RAN4 four types of BS classes have been defined for BS as shown below. Different BS classes are derived from specific deployment scenarios such as radio environments, antenna installation, coverage requirement and etc.. MCL between BS and UE was also proposed for different BS classes [4]. In fact, the MCL value between BS and UE varies with the deployment scenarios and antenna gain. However, for simplicity, 3GPP defines a unique MCL for each BS class to represent all deployment scenarios.
Table 1 BS Classes defined in UTRA
	BS Class
	Deployment scenario
	MCL

	Wide Area BS 
	Outdoor macro environments, where the BS antennas are located in masts, roof tops or high above street level.
	70dB

	Medium Range BS 
	Outdoor micro environments, where the BS antennas are located below roof tops.
	53dB

	Local Area BS
	Indoors (offices, subway stations etc) where antennas are located on the ceilings or walls or possibly built-in in the BS on the wall. Low-MCL can also be found outdoors on hot spot areas like market place, high street or railway station.  
	45dB

	Home BS
	Home environment, derived from Femto Cell scenarios
	


2.2 Transmitter characteristics
2.2.1 Output power

In 3GPP specifications, the output power is defined and measured at the antenna connector in the transmitter ON period. The test purpose is to verify the actual capability of the transmitter to feed an antenna and the accuracy of the maximum output power under normal (+/- 2dB) and extreme (+/- 2.5dB) conditions for all transmitters. 
For Macro BS, 3GPP doesn’t define a specific upper limit generally except for some regional requirement for Band 34 and Band 41 in Japan. The actual transmit power in practice is configured according to cell coverage requirement and deployment scenario (such as antenna height). However, for other lower power BS classes (Micro/Pico/Home BS), 3GPP has defined the upper limit on the rated output power with additionally taking into account of specific deployment scenarios, coexistence interference[2] and the safety requirement for human health (FCC CFR47 1.1310 defines that, the maximum permissible RF exposure for an uncontrolled environment is 1 mw/cm2). Take UTRA MR BS for example, its rated output power was obtained from Macro-Micro system coexistence simulation under specific application scenario and assumptions.
Generally, an administration may choose to specify a maximum output power at the antenna connector or maximum EIRP/ERP for a base station. Output power and EIRP/ERP are linked by the antenna gain. The accuracy of radiated power should also take antenna gain repeatability tolerance into account. 
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Power accuracy requirements are relative and no antenna gain assumption is involved.

MR/LA requirement is derived from coexistence simulations and include an antenna gain assumption.

Safety limits are not in 3GPP but do require both EIRP to be known.
2.2.2 ACLR
Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency. 
The ACLR has been an extremely useful tool in co-existence and co-existence studies, both in 3GPP and in CEPT/ECC. The minimum requirement for the Base Station was derived from system coexistence simulations according to the criteria of 5% capacity/throughput degradation. Detailed description of system scenarios and methodology was documented in TR25.942 and TR36.942 [3, 4], including assumptions and models of cell layout, antennas, propagation and etc.. Similar studies are documented in ECC Report 082 [10]. According to the coexistence studying, ACLR requirement for BS is defined as 45dB with taking into account of UE ACS value of 33 dB. Therefore UE ACS is the limit factor for coexistence, rather than BS ACLR. 
The same minimum requirement is applied for all types of BS, regardless of BS Class and RAT. 
Besides relative ACLR, 3GPP also defines the absolute power limit for ACLR, which is aligned with spurious emission of each BS class.
2.2.3 Operating band unwanted emissions

The BS spectrum mask is not mandatory in all regions, but a regional requirement. Table 2 shows the regulations that set limits for different bands in different regions. These regulatory references have either defined the limit value in 3GPP or they have used it as a basis for studies or recommendations. Take UTRA BS for example, the main inputs for the mask limits were [5],
· The ACLR values of 45 dB and 50 dB for the first and second adjacent channel respectively that set a relative limit.

· The FCC limits from [6] (for band II) that set upper limits, i.e. the unwanted emission should be 43+10log10(P) (dB) below the signal power (P).

· A mask shape in the first MHz adjacent to the carrier, taking into account imperfections in baseband. A slope is taken from 200 kHz to 1 MHz from the channel edge to more accurately reflect PA behaviour.

· A variation of the mask levels (below FCC limits) that is proportional to the BS output power and with a “floor” for 31 dBm base stations where the absolute limits are low compared to spurious emission limits.
Table 2 Summary of regulatory references for BS requirements

	Requirement
	RAN4
	Definition 
	Some relevant regulatory references

	Spectrum emission mask
	TS25.104 Section 6.6.2.1
	ITU-R
SM.1541 ‎[12]

Limits defined in 3GPP ‎[1]
	ITU-R. M.1580 (Annex 1.2) ‎[7]: Band I limits included. 

FCC Title 47 part 24.238 ‎[6]: Band II limits.
FCC Title 47 part 27.53 ‎[6]: Band IV and X limits.
FCC Title 47 part 22.917 ‎[6]: Band V limits.

ERC Report 65 ‎[8]: Based on Band I limits.
ECC Report 045 ‎[9]: Based on Band VII limits.
ECC Report 082 ‎[10]: Based on Band III and VIII limits. 

ETSI EN 301 908-3 ‎[11]: Limits included.


Most unwanted emissions requirements are relative and have no antenna a gain assumption, the absolute requirements use the limits from the spurious emissions requirements below.
2.2.4 Spurious emission
· Mandatory requirements

The mandatory spurious emission requirements are independent of the type of transmitter considered. The limits were developed in a liaison activity between 3GPP, CEPT and ECC. The resulting limits for spurious emission were directly cited from ITU-R SM.329 [12] with some modifications on the frequency boundary of spurious emission. Category A and B defined in ITU-R SM.329 are applied for 3GPP as regional requirements. 
· Additional spurious emission requirement
These requirements may be applied for the protection of UE and/or BS operating in other frequency bands in the same geographical area. 
· For protection of other uplink operating bands (BS Rx), the maximum spurious emission level is defined as -49dBm/MHz with assuming the BS-BS MCL of 67dB and 0.8dB desensitization (interferer 7 dB below noise floor). 
· For protection of other downlink operating bands (UE Rx), the maximum spurious emission level is -52dBm/MHz with assuming BS-UE MCL of 53dB (corresponding to Micro scenario) and 3dB desensitization.
The rationale for MCL value for operation of base stations in the same geographic area can be found in TR25.942. Spurious emissions requirements are developed from EIRP requirements using assumptions for MCL, antenna gain assumption were used in the derivation of MCL.
· Co-location with other base station/ Protection of the BS receiver of own or different BS
This requirement is to protect the receivers of the BSs being desensitised by emissions from a BS transmitter. The maximum spurious emission level is derived by assuming 30 dB MCL between the Tx and Rx antenna ports and 0.8 dB desensitization. The MCL value between co-located BSs is dependent on the deployment scenarios and antenna gain. Different deployment scenarios give raise to a large variation in MCL values. In 3GPP, it is recommended to define a unique MCL value representing all deployment scenarios in order not to have different requirements for different deployment scenarios. Certain site-engineering solutions can be used to meet 30dB MCL between BSs of the same class. 

In case of co-locating of different BS classes, for example, a Micro BS and a Macro BS are co-located. Due to the relaxed requirements for co-location spurious emissions and blocking for Micro BS, a coupling loss of 30 dB is not sufficient to enable co-existence with a Macro BS. Therefore, it is suggested in [4] that if BS of different classes are co-sited, MCL should be increased by site-engineering to ensure coexistence.
2.2.5 EVM

The EVM is a measure used to quantify the performance of a radio transmitter or receiver, which is defined in TS36.104 as

The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed in percent. 

The requirement is independent of the type of BS considered.
EVM is a relative measurement – no antenna gain assumption is used in its derivation.
2.3  Receiver characteristics
2.3.1 Reference sensitivity
The primary purpose of the reference sensitivity requirement is to verify the receiver noise figure. For Macro BS, noise figure is assumed to be 5dB, which is likely to be set as a compromise of the lowest possible value at a reasonable implementation cost, lower than this would incur greater cost or would require relaxation of blocking (linearity) requirements. Therefore for Macro BS, the reference sensitivity requirement has not been set based on antenna gain.
For other BS classes (MR/LA), a number of Monte Carlo simulations were done to determine the impact of different MR/LA reference sensitivity levels versus UL capacity/throughput loss of the victim system operating in the adjacent channel, which was described in details in [2,13]. Take UTRA MR BS for example. There was 16dB desensitization relative to Macro BS according to the coexistence simulation with assuming 11dBi antenna gain for aggressor Micro BS. However, the final requirement for UTRA Micro BS is defined as 10dB desensitisation considering that a lower antenna gain (e.g. 5dBi) would be used in real network.
2.3.2 Blocking
The in-band blocking power level was derived from system co-existence simulations [3, 4]. For system coexistence simulation, the CDF distribution of the received power at the antenna connector from UEs within the systems operating on the adjacent channel is evaluated with very low probability, for example, 0.01% for Macro BS. 
This additional blocking requirement may be applied for the protection of BS receivers when co-located with other BS operating in a different frequency band. The requirements assume a 30 dB coupling loss between transmitter and receiver. Similar with co-location Tx spurious emission requirement, 3GPP also suggested that certain site-engineering solutions can be used to meet 30dB MCL between BSs of the same class. 
A reference antenna was used in the coexistence simulation hence an antenna assumption is used in the derivation of blocking levels.
2.3.3 Rx dynamic range
The dynamic range is specified as a measure of the capability of the receiver to receive a wanted signal in the presence of an interfering signal inside the received channel bandwidth.
Regarding the interfering signal, it was determined by the following equation,
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The IoT (interference-over-thermal) at 95% CDF point for UTRA and LTE BS was proposed to be 30dB and 20 dB respectively according system coexistence simulation under specific deployment scenario.
2.3.4 In channel selectivity
In TS36.104, it is defined that,

In-channel selectivity (ICS) is a measure of the receiver ability to receive a wanted signal at its assigned resource block locations in the presence of another in-channel wanted signal received at a much larger power spectral density.
Regarding the interferer level, it was determined by the following the equation,
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where SINR was assumed to be 9dB and IoT was 16 dB according to system simulation. 
2.3.5 Rx intermodulation
Receiver intermodulation can occur when two interfering signals with a particular relationship are applied to a BS receiver. Intermodulation response rejection is a measure of the capability of the receiver to receive a wanted signal on its assigned channel frequency in the presence of two interfering signals which have a specific frequency relationship to the wanted signal. 
For LTE Macro BS, the interfering signals were derived from system coexistence simulation [5], i.e. the CDF distribution of the received power from two E-UTRA interferers (two certain 3MHz blocks) generating undesired intermodulation product simultaneously was simulated. Simulation results shown that the corresponding IMD power level was -51.7dBm with a low probability of 0.1%. Therefore, the interfering signal mean power of -52dBm is defined.
Rx intermodulation interference levels are based on coexistence simulations, hence an antenna gain assumption was used in their derivation.
3 Conclusion
Based on the above analysis for the derivation of typical RF requirements for legacy BS in 3GPP and other international regulations, the following requirements are related to coexistence studying (more specifically, an assumed reference antenna) It is suggested that these requirements shall be carefully studied for AAS.
Table 3 Summary of the relations between existing BS requirements and the antenna gain
	Requirement
	Wide Area
	Medium/Local

	
	absolute/relative
	assumed antenna
(gain)
	Methodologies to derive the requirements  
	assumed antenna
(gain)
	Methodologies to derive the requirements  

	Output Power
	absolute
	Yes 

(if for ERIP)
No (if conductive)
	Regulations
(can be translated as EIRP)
	Yes 
	By coexistence study and safety requirements

	Output power accuracy
	relative
	Yes 

(if for ERIP)

No (if conductive)
	Network performance
	Yes 

(if for ERIP)

No (if conductive)
	Network performance

	ACLR
	relative
	No
	Coexistence study
	No
	Coexistence study

	
	absolute
	No.
(existing requirements are all conductive)
	Regulations

	No.

(existing requirements are all conductive)
	 By the power offset with reference to the Wide Area BS

	Unwanted emissions
	Relative/

absolute
	No.

(existing requirements are all conductive)
	Regulations:

ITU,FCC, ECC, ETSI
(can be translated as EIRP)
	No.

(existing requirements are all conductive)
	Regulations:

ITU,FCC, ECC, ETSI

	Spurious emissions
	absolute
	No.

(existing requirements are all conductive)
	Regulations:

ITU,CEPT
(can be translated as EIRP)
	No
	By the power offset with reference to the Wide Area BS

	EVM
	relative
	No
	Link performance
	No
	Link performance

	Reference sensitivity
	absolute
	No 
	Network performance/Noise Figure
	Yes
	Noise floor simulation in coexistence scenarios

	Blocking
	absolute
	Yes
	system simulation 
	Yes
	system simulation

	Rx dynamic range
	absolute
	Yes
	system simulation
	Yes
	system simulation

	In channel selectivity
	absolute
	Yes
	system simulation
	Yes
	system simulation

	Rx intermodulation
	absolute
	Yes
	system simulation
	Yes
	system simulation
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