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1. Introduction

During RAN#59, a new work item for AAS BS was approved. In this paper an overview of AAS transmitter requirements is given. For each individual requirement, a short discussion on possible spatial aspects is also included.
The intention of this paper is to initiate the discussion on the AAS transmitter requirements, taking to account that the radiating elements are included in the AAS BS system as extensively discussed in RAN4.
2. Discussion

Due to ongoing SI on restructuring the specifications, we assume MSR specification (37.104) as base-line for the discussions since the MSR BS specification contain both generic, multi-RAT as well as single RAT requirements. The AAS specification work would, according to the AAS WID follow the outcome of the specification re-structuring SI.
6
Transmitter characteristics
6.1
General
For AAS specification, the paragraph below and the figure 6.1-1 would not be applicable since with integration of antenna, no other external equipment can be added:

Unless otherwise stated, the transmitter characteristics are specified at the BS antenna connector (test port A) with a full complement of transceivers for the configuration in normal operating conditions. If any external apparatus such as a TX amplifier, a filter or the combination of such devices is used, requirements apply at the far end antenna connector (test port B).

Certain modification for AAS on antenna connector would be needed since in AAS the antenna connector should be replaced by logical “equivalent antenna port” as discussed in [1].
The reference architecture and possible parametrization should be included in the AAS specification since for various implementation certain parameterization might affect the requirements.

6.2

Base station output power
The AAS Base station output power requirements are extensively discussed in [1]. We thus promote a requirement reference point in the far field (radiated) and it should be measured as EIRP.

6.2.1

Minimum requirement
6.2.2

Additional requirement (regional)
6.2.3

E-UTRA minimum requirement for DL RS power
This is a single RAT requirement but can preferably be tested in the far field (radiated) in conjunction with BS output power requirements since both requirements are in principle would test the accuracy of power either on carrier level or RS level. Note that the BS output power accuracy is very similar to DL RS power accuracy due to analogue inaccuracies (and other impairment such as the radiating element impairments) with the difference in quantization error so possibly the DL RS power requirement can be omitted in the AAS specifications.
6.2.4

UTRA FDD minimum requirement for primary CPICH power
This is a single RAT requirement but can preferably be tested in the far field (radiated) in conjunction with BS output power requirements since both requirements are in principle would test the accuracy of power either on carrier level or P-CPICH code level. Similar to above, due to strong correlation between BS output power accuracy and CPICH accuracy, the CPICH power requirement can be omitted in the AAS specification.
6.2.5

UTRA TDD minimum requirement for primary CCPCH power
This is a single RAT requirement but can preferably be tested in the far field (radiated) in conjunction with BS output power requirements since both requirements are in principle would test the accuracy of power either on carrier level or CCPCH code level. Similar to above, due to strong correlation between BS output power accuracy and CPICH accuracy, the CCPCH power requirement can be omitted in the AAS specification.
6.3

Output power dynamics
6.3.1

E-UTRA minimum requirement
E-UTRA output power dynamic is a single RAT requirement which is divided into “RE power control dynamic range” and “total power dynamic range. The requirements refer to variation in power between REs as well as the power of an OFDM symbol and both relate to total power of AAS BS.
This requirement can be tested in the far field (radiated) but may also be considered to possibly be translatable to test in transceiver boundary as long as the AAS BS output power is properly tested in the far field (radiated).
6.3.2

UTRA FDD minimum requirement
UTRA FDD output power dynamic is a single RAT requirement which is divided into “inner loop power control in DL”, “power control dynamic range” and “total power dynamic range. The requirements refer to accuracy of power for various step sizes, code power dynamic as well as dynamic for total power and relate to total power of AAS BS.

This requirement can be tested in the far field (radiated) but may also be translatable to test in transceiver boundary as long as the AAS BS output power is properly tested in the far field (radiated).
6.3.3

UTRA TDD minimum requirement
UTRA TDD output power dynamic is a single RAT requirement which is divided into “Inner loop power control”, “power control dynamic range” and “minimum output power”. Similar to UTRA FDD, the requirements refer to accuracy of power for various step sizes, code power dynamic as well as dynamic for total power defined as a minimum power and relate to total power of AAS BS.

This requirement can be defined and tested as radiated but may also be translatable to test in transceiver boundary as long as the AAS BS output power is properly tested as radiated requirement.
6.3.4

GSM/EDGE minimum requirement
Not applicable since the GSM/EDGE is not included in the AAS rel 12 WI.
6.4

Transmit ON/OFF power
6.4.1

Transmitter OFF power
Transmitter off power is a BC3 (TDD) specific base-station requirement and defines the time period when the transmitter goes from OFF to ON and vice versa. The OFF level is defined in the previous requirement and the time period can be measured in the far field (radiated) or the test point may be considered to possibly be translatable to transceiver boundary.
6.4.2

Transmitter transient period
Transmitter transient period is also a BC3 (TDD) specific base-station requirement and defines the power spectral density for the transmitter OFF level. Like other emission requirements it can be measured in far field (radiated) but possibly be translated into transceiver boundary if a radiated requirement and verification is defined for maximum TX power.
6.5

Transmitted signal quality
6.5.1

Modulation quality
The modulation quality is a single RAT requirement which for UTRA is expressed as EVM, PCDE and RCDE while E-UTRA definition is based on EVM. During the SI phase, the EVM for AAS was discussed and results based on studied application indicated that there is a spatial impact, in particular outside the main lobe of an AAS system in which EVM can potentially appear to be large. 
It was also shown that the EVM outside the main lobe can be quite high but this is not depend on high level of error vector rather due to low level of signal at side lobes and nulls where the EVM as ratio become quite poor.  

Further system study on the implications of the distribution of EVM is required

These spatial aspects of EVM could motivate a radiated requirement in order to establish that the base-station under test is not radiating transmitter noise in a manner that would compromise EVM. It may also possibly result in additional metric such as requirements on error vector (as an absolute measure) outside the main lobe indicating radiated requirements and tests but this would require further investigation within the WI.
6.5.1.1
E-UTRA minimum requirement
See above
6.5.1.2
UTRA FDD minimum requirement
Considering the above, it should be further discussed if it is necessary to include PCDE error requirement for UTRA since the requirements was developed very early taking to account release 99 kind of traffic. The EVM and RCDE as they are defined, fully capture not only release 99 but also HSDPA aspects for UTRA.
6.5.1.3
UTRA TDD minimum requirement
See above
6.5.1.4
GSM/EDGE minimum requirement
Not applicable since the GSM/EDGE is not included in the AAS rel 12 WI.
6.5.2

Frequency error
Frequency error is a measure of frequency accuracy of the transmitter and does not need to be defined as radiated requirements. Since the radiating elements would not affect the frequency error caused by the transceiver part of the array elements and the coherence aspects of AAS is captured by EIRP measurement of output power (equivalent antenna gain), the frequency error can be translated to transceiver boundary test point with the level equal to existing specifications.
6.5.2.1
E-UTRA minimum requirement
See above
6.5.2.2
UTRA FDD minimum requirement
See above
6.5.2.3
UTRA TDD minimum requirement
See above
6.5.2.4
GSM/EDGE minimum requirement
Not applicable since the GSM/EDGE is not included in the AAS rel 12 WI.
6.5.3

Time alignment error
Time alignment error is a measure of time difference between different frames transmitted from different antenna connectors. The TAE requirements are quite similar between UTRA and E-UTRA even though there are different requirement levels.

For AAS considering certain logical “equivalent antenna port”, the timing difference would related to radiated timing difference between different equivalent antenna ports. This would necessitate the discussion on the absolute radiated timing for a logical equivalent antenna port depending on timing between involved array elements. This would relate to coherency of AAS systems. A transceiver boundary test on any pair of array elements would also result in extremely large number of possible test permutations which is not feasible.

Since the time alignment error is a relative requirement, there is a need to further discuss the AAS time alignment error test either as radiated or at transceiver boundary where the radiated test would require a new definitions since as radiated entity, it would be difficult to directly mapped the delayed signals to certain equivalent antenna port while for conducted measurement between any array elements, the number of test permutations can be excessively large for larger AAS arrays
The need for additional requirement or metric for AAS considering the mutual time alignment between array elements to ensure proper level of time coherency would also require further discussion.

One possible solution would be to define the radiated test as a range where are delayed signals from AAS BS should fit within to ensure fulfilment of the requirement.

 6.5.3.1
E-UTRA minimum Requirement
See above
6.5.3.2
UTRA FDD minimum requirement
See above
6.5.3.3
UTRA TDD minimum requirement
See above
6.6

Unwanted emissions
6.6.1

Transmitter spurious emissions
6.6.1.1

Mandatory Requirements
6.6.1.1.1
Minimum requirement (Category A)
The AAS Base station spurious emission requirements are extensively discussed in [2]. We thus promote a radiated requirement considering the existing conducted level adjusted with equivalent antenna gain which can tested both as radiated or preferably radiated requirements to be translated to test levels at transceiver boundary.
6.6.1.1.2
Minimum requirement (Category B)
The AAS Base station spurious emission requirements are extensively discussed in [2]. We thus promote a radiated requirement considering the existing conducted level adjusted with equivalent antenna gain which can tested both as radiated or preferably radiated requirements to be translated to test levels at transceiver boundary.
6.6.1.1.3
Additional minimum requirement for BC2 (Category B)
Not applicable, since the requirement applies only when GSM/EDGE is configured and GSM/EDGE is not included in the AAS rel 12 WI.
6.6.1.2

Protection of the BS receiver of own or different BS
Similar to other AAS Base station spurious emission requirements, for protection of the BS receiver of own or different BS requirement we promote a radiated requirement considering the existing conducted level adjusted with equivalent antenna gain which can tested both as radiated or preferably radiated requirements to be translated to test levels at transceiver boundary.
6.6.1.3

Additional spurious emissions requirements
The additional spurious emission requirements cover the requirements corresponding to co-existence in the same geographical area. Similar to other AAS Base station spurious emission requirements, we promote a radiated requirement considering the existing conducted level adjusted with equivalent antenna gain which can tested both as radiated or preferably radiated requirements to be translated to test levels at transceiver boundary.
6.6.1.4

Co-location with other base stations
The current co-location spurious emission requirements are based on the assumption of at least 30 dB of antenna isolation. Comparing to other AAS Base station spurious emission requirements, we promote a radiated requirement considering the existing conducted level adjusted with “near field equivalent antenna gain” which would correspond to actual coupling or in practice the isolation between two adjacent “equivalent antenna ports”. This can be tested both as radiated or preferably radiated requirements to be translated to test levels at transceiver boundary. For co-location requirements, the “near field equivalent antenna gain” which would depend on array element separation etc. would require further discussion in RAN4. It should be noted that the baseline for near-field equivalent antenna gain is 30 dB for the conducted transceiver boundary test the level for transceiver requirement shall be adjusted with the difference between 30 dB and near-field equivalent antenna gain.
6.6.2


Operating band unwanted emissions
6.6.2.1

General minimum requirement for Band Categories 1 and 3
The general operating band unwanted emission requirements are expressed as unwanted emission masks UEM and are regulatory requirements. During the study item phase, simulation results showed various spatial characteristics of in-band emissions. For in-band requirements there will be certain correlation between array elements since the random phase variation applicable for spurious emission is not applicable for in-band requirements.
In European regulation, for quite many bands (B1, B7, B20) the concept of in-band Block Edge Mask (BEM) requirement is widely used where the BEM is expressed as EIRP.

Considering the regulatory situation is some regions where emission requirements are expressed as EIRP and the spatial characteristics of in-bands emissions, we promote a radiated requirement considering the existing conducted level adjusted with equivalent antenna gain which shall be tested as EIRP.
6.6.2.2

General minimum requirement for Band Category 2
Not applicable since the GSM/EDGE is not included in the AAS rel 12 WI.
6.6.2.3

GSM/EDGE single-RAT requirements
Not applicable since the GSM/EDGE is not included in the AAS rel 12 WI.
6.6.2.4

Additional requirements
6.6.2.4.1
Limits in FCC Title 47
Additional FCC requirements based on FCC title 47 apply as regional requirements for some band. This requirement should be handled considering the proposed approaches for operating band unwanted emission as well as spurious emission. Note that there are some guide-lines in FCC order “Docket 662911 D01 Multiple Transmitter Output”.
6.6.2.4.2
Unsynchronized operation for BC3
The unsynchronized operation for BC3 requirements cover the requirements corresponding to co-existence in the same geographical area. Similar to other AAS Base station spurious emission requirements, we promote a radiated requirement considering the existing conducted level adjusted with equivalent antenna gain 
6.6.2.4.3
Protection of DTT
The protection of DTT requirement covers the requirements to protect the DTT operation. The existing requirement even in RAN4 specifications are expressed as EIRP. Thus the radiated requirement is already defined. The DTT due to low separation in relation to B20 can be regarded as an in-band emission requirement and should be handled as operating band unwanted emission.
6.6.2.4.4
Co-existence with services in adjacent frequency bands
The co-existence with services in adjacent frequency bands is a B1 specific requirement and defines the necessary slope for transmission between in-band emission levels and spurious emission level. This requirement can also be regarded as in-band requirement and be handled as operating band unwanted emission.
6.6.2.4.5
Co-existence with RNSS/GPS services in North America
The co-existence with RNSS/GPS is a B24 specific requirement and defines the maximum allowed emitted emission level to protect the RNSS/GPS in North America. The requirement is based on FCC order DA 10-534 and is already defined in the terms of EIRP. Thus the radiated requirement is already defined and it should also be measured as EIRP.
6.6.2.4.6
Additional requirements for band 41
This requirement is a regional requirement which covers the emission requirements for B41. Similar to other AAS Base station spurious emission requirements, we promote a radiated requirement considering the existing conducted level adjusted with equivalent antenna gain which can tested both as radiated or preferably radiated requirements to be translated to test levels at transceiver boundary.
6.6.3


Occupied bandwidth
The occupied bandwidth requirement which is based on ITU-R recommendation SM3.28 captures the percentage of total mean power emitted below or above certain frequency limit corresponding to channel bandwidth. Due to UEM requirements, the occupied bandwidth is indirectly captured and thus the radiated levels can without any conversion be set to the same value as the current requirement
6.6.4


Adjacent Channel Leakage power Ratio (ACLR)
The ACLR which is a single RAT requirement was extensively discussed within the SI phase. Simulation results showed the characteristics of the spatial ACLR for a DL down tilt applications. Since ACLR is defined as an in-band requirement, its characteristics would be influenced by e.g. level of correlation, coupling, phase of unwanted emission between array elements etc. It was also shown that the spatial ACLR outside the main lobe can be quite poor but similar to EVM, ACLR is a relative measure where the low carrier power outside the main lobe (side lobes/nulls) would contribute to poor spatial ACLR outside the main lobe. Similar to EVM, there might be a need to consider other metrics for ACLR outside the main lobe.

The ACLR would require further studies considering other applications e.g. other cell specific beam forming as well as assumptions but as UEM, the ACLR should be defined as radiated requirement. 
6.6.4.1

E-UTRA minimum requirement
See above
6.6.4.2

UTRA FDD minimum requirement
See above
6.6.4.3

UTRA TDD minimum requirement
See above
6.6.4.4

Cumulative ACLR requirement in non-contiguous spectrum
The CACLR requirement should be handled similar to ACLR requirement for AAS.
6.7


Transmitter intermodulation
6.7.1


General minimum requirement
The transmitter intermodulation requirements capture the transmitter characteristics when an unwanted signal at level of 30 dB below the wanted signal is present. The TX-IM requirements are identical to other unwanted emission requirement but assume the presence interferer at the antenna with level 30 dB below the wanted signal.

Considering the reference structure for AAS BS with multiple array elements as well the proposed approach to define and test the emission requirements above, as long as the emission requirements are properly defined and handled, it should be possible to translate the radiated transmitter IM requirements to transceiver boundary taking to account that the leakage between different array elements should be properly handled in any AAS implementation by incorporating enough isolation capabilities.

There are additional transmitter intermodulation requirements but compared to general requirements, the interferer type and offset would differ but same principle should apply on additional requirements.
6.7.2


Additional minimum requirement (BC1 and BC2)
See above
6.7.3


Additional minimum requirement (BC3)
See above
3. Conclusion

In this paper, an overview of transmitter requirements for AAS is further discussed. Taking to account that the radiating elements are included and spatial aspects that would have impact should be captured, a short discussion for every single requirements is conducted. 

For some requirements, there is a need to not only define but also test the requirements as radiated while for other requirements, the radiated levels can be translated to transceiver boundary. For some requirements, the translation would require a logical “equivalent antenna port” as well as “equivalent antenna gain” while for other requirements, the radiated level would be the same as the transceiver boundary level.

For certain requirements, there is need to have further studies considering various scenarios, applications and assumptions while other requirements, it is more straight forward to proceed with the specification work.
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