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1 Introduction
This paper discussed the following aspects for requirement “BS output power” following the way forward [1]: Requirements reference points, Impact on core requirements due to radiated spatial effects, feasibility of requirement point transformation to test points. Based some discussion on how to specify the spurious emission requirement for an AAS BS was present [2~4], this paper further discussed on Requirements reference points, Impact on core requirements due to radiated spatial effects, feasibility of requirement point transformation to test points. 
2 Discussion
2.1 Background
· 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 that if BS of different classes are co-sited, MCL should be increased by site-engineering to ensure coexistence.
2.2 Requirement for AAS BS
Two possible approaches to define reference point for AAS BS RF requirements were proposed, the boundary of transceiver array and far field. Table 1 shows comparison of these two methods.
Table 1 Analysis of Spurious emission requirements
	Req.
	Conductive Requirements
	Radiated Requirements
	Transformation from requirement point and test points

	
	Spatial effects
	Requirements
	Issues to b
e resolved
	Spatial effects
	Requirements
	Issues to be resolved
	

	BS Tx spurious emission
	As analyzed in [4], spatial effects exist at the transceiver array boundary.
However, it’s not necessary to specify and test the spatial effects for active transmitter array only. No value to do so.
	Option 1: The requirement is defined as the sum of spurious emission per physical transmitter within the virtual transmitter. The virtual transmitter could consist of multiple physical transmitters.
Option 1 is aligned the existing requirements specified for a single transmitter in legacy BS.
Option 2: Requirement is defined per individual physical transmitter port. 


	Option 1 is problematic if the number of receivers is large.


	The directional transmission of the spurious emission in the space depending on the transmitter configurations.
	Option 1: The EIRP values at single point in the space for a virtual transmitter. The requirements shall be scaled by the antenna gain if specified and tested as EIRP values 

This is aligned with some of the existing regulations.
Option 2: Total radiated power over the whole sphere for a virtual transmitter. 
	The power level at far field would reach the noise floor of the measurement facilities, especially for the coexistence / co-location spurious emission level.
	Transformation from EIRP to conductive power requires precise measure of the antenna gain at the spurious emission domain. 


· Reference point

In current 3GPP specifications, the spurious emission requirements can be divided into two types generally: mandatory requirement and co-existence/co-location spurious emission requirements. 

For mandatory requirement, the transmitter spurious emission limits apply from 9 kHz to 12.75 GHz, excluding the frequency range from 10 MHz below the lowest frequency of the downlink operating band up to 10 MHz above the highest frequency of the downlink operating band in TS36.104/ TS37.104 for LTE single RAT / MSR BS, or 12.5MHz below the first carrier and 12.5MHz above the last carrier in TS 25.104 for UTRA. For spurious emission that far away from the wanted signal, the correlation level between transmitters reduces significantly mainly due to DPD and inconsistence rejection from the duplexers, therefore it could be assumed that the spurious emission comes from uncorrelated distortions and thermal noise, and the spatial distributions of the spurious emissions is determined by the element/sub-array antenna pattern. The spurious emission that near the wanted signal may be partly correlated between transmitter links and it would show some spatial directivity. However, this spatial effect does not negatively impact the system coexistence performance since ACLR requirement will be applied to guarantee the system coexistence in the 1st and 2nd adjacent channel where the correlation level is higher than that of spurious emission domain. So it’s may not be necessary to reflect the spatial effects in the core requirements as far as the network performance is not impacted [5]. 
For other co-location/co-existence spurious emission requirements, as discussed in Section 2.1, they are defined to protect BS receiver of this own or different BS operating in other bands. From the system coexistence point of view, AAS BS shall have the same coexistence performance with legacy BS with an assumed reference antenna in the same coexistence scenarios [3], i.e. the EIRP of spurious emission of AAS and legacy BS shall be equal. For AAS BS, it could be assumed that the correlation level of the spurious emission is very low due to duplexer attenuation and frequency separation, so the antenna pattern of the spurious emission is determined by the element/sub-array antenna pattern. Therefore spurious emission of AAS would not cause higher interference to victim receiver, compared with legacy BS in the same deployment scenario.  
Therefore it seems that it is not necessary to define the reference point for spurious emission requirement at far field since its spatial effects of spurious emission would not impact the system coexistence performance.
· Definition of requirement 
In Table 1, two options for defining spurious emission requirement are provided in case the requirement is specified at the transceiver array boundary. 

Option 1: The requirement is defined as the sum of spurious emission per physical transmitter within the virtual transmitter. The configuration of the virtual transmitter is declared by the manufacturer.

Option 2: Requirement is defined per individual physical transmitter port.

If Option 1 is applied, since virtual transmitter may consist of multiple physical individual transmitters and it is not possible to know the correlation level of spurious emission signals between physical transmitters, the requirement must be valid irrespective of correlation level. It can be seen from Figure 1 that whatever the correlation level the power sum of the element/sub array signals is consistent (and equal to the element/sub array beam shape). Hence the spurious signals can be defined as the sum of the spurious emission signals of each physical transmitter and obtain a consistent result which is irrespective of correlation level.
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Figure 1. Antenna beam pattern unwanted signals (rho 0 to 1) and power sum of unwanted signals (dashed)

· Test
Measuring spurious emission by OTA is often difficult and time consuming; furthermore, it seems impossible to measure co-existence/co-location spurious emission by OTA since the power level is too low to be measured accurately. Conductive measurement could be preferred.
3 Conclusion
Based on the analysis, we have the following proposals:

Proposal 1: It is proposed to specify the “spurious emissions” for each virtual transmitter at the equivalent antenna port. The “virtual transmitter” is the group of physical transmitters configured to transmit an identical signal with beam forming applied.. 
Proposal 2: It is assumed to specify and test the “spurious emissions” conductively at the transceiver array boundary. 
Proposal 3: In case that the “spurious emissions” are specified and tested as EIRP at far field, the requirements shall be scaled by the antenna gain to be aligned with the existing regulations.
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