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Introduction
During RAN4#81 meeting, discussion on the frequency error requirement for AAS BS, as well as OTA measurements setup for the frequency error were discussed in [1], [2]. 
In this contribution we continue the discussion on the OTA frequency error requirement with respect to core requirement and conformance testing aspects. 
Discussion 
During RAN4#81 meeting, discussion on the frequency error requirement for AAS BS, as well as OTA measurements setup for the frequency error were discussed in [1], [2] and [3]. In the following sub-sections, we provide further analysis of the core and test requirements. 
Core requirement
Based on the discussion paper in [1], the following was observed on the summary of the conducted frequency error requirements:
Observation: it shall be further studied, whether the above frequency accuracy requirements can be reused for the OTA eAAS BS specification.
Based on the frequency error requirements in single RAN specifications, it can be observed, that the same core requirement relying on the ppm-based frequency accuracy of the carrier is used across all conducted specifications: UTRA TDD, UTRA FDD, E-UTRA, MSR, and conducted AAS BS specification. 
Table 1: E-UTRA frequency error accuracy requirement [7]
	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm

	Home BS
	±0.25 ppm



Considering the OTA frequency error requirement for eAAS, it can be easily concluded that its verification will have to rely on beam measurement (irrespective whether it would be one of the beams declared for the EIRP requirement, or beam synthesized based on the full power setup on all TRX units). Generation of any beam will have to rely on the phase matching among all active transceiver units participating in the beam generation. Hence it important that the frequency generation sources in each of the transceiver units is both phase and frequency locked. There are two alternative ways to achieve this: 
· The RF originate from a common PLL and is distributed to each transceiver unit, or 
· The RF originate locally in each of the TRX, where individual PLL’s use the same frequency reference, i.e. each individual RF source is locked to a common reference frequency. 

Based on the above, any frequency error (defined as the measure of the difference between the actual AAS BS transmit frequency and the assigned frequency) will be correlated among all TRX units which are phase synchronized. Furthermore, as the frequency error is coherent, then such frequency error is expected to have ‘flat’ response in the spatial domain, i.e. OTA frequency error will not depend on the selection of the measurement point within beam’s compliance directions set.
Observation 1: frequency error will be correlated among all TRX units which are phase synchronized. Frequency error is expected to have flat spatial response.
Based on the above argumentation, it is proposed to reuse the same values of the core requirement for the frequency error for eAAS, as used for the conducted AAS specification.
Proposal 1: The OTA core requirement definition and its requirement values for frequency error shall be reused from the conducted AAS BS specification. 
Conformance requirement
Referring to the description of the frequency error requirement in TS 37.105, it is claimed that “This requirement applies per TAB connector”. As OTA testing will not be allowed to reuse the antenna connectors, we need to solve the way the frequency error conformance requirement is translated into OTA test requirement. 
Below we shortly summarize three initial concepts for the OTA frequency error conformance requirement which were already discussed in [1], [2], including short summary of their characteristics:  
1. Single transmitter tested at time: 
· Single transmitter testing for the frequency error does not seem to be the most realistic use case,
· Time consuming in case of AAS BS equipped with high number of transmitter units, 
· This approach would express the “per single TAB connector” testing as in the current conducted AAS BS specification, 
· Parallel testing of multiple transmitters could be considered to shorten testing time, but its application for the frequency error testing is questionable due to testing complexity, 
· Requires definition of test model for conformance testing (probably possible to reuse test models from conducted tests).
2. Beam-based approach: 
· Motivated by the idea to reuse the already declared beams as test signals, i.e. not to test all beams, but to test those beams which would reassure testing of all transmitters.
· Depending on the AAS BS implementation, this approach might not allow to test all the transmitter units for the frequency error requirement (i.e. depends on the signals from the TRXU array forming the beam). Therefore, even in case of re-using the already declared beams for the frequency error testing, one might still need to define additional test modes in order to verify all the transmitter units. 
NOTE: spatial aspects were not the motivation for the frequency testing here. 
3. All transmitters tested at full power: 
· Requires definition of test model for conformance testing (test mode potentially to be reused for other RF requirements, e.g. EVM),
· Conformance testing aspects related to high power testing needs to be investigated.

Proposals 1 and 3 above (i.e. to test it based on the single transmitter, or based on all transmitters at the same time), were motivated by the intention to provide frequency error testing for all the TXU units of the AAS BS. In order to translate the above referrer TAB connector based requirement into OTA domain, the most straight forward approach would be to apply the OTA testing per single AAS BS transmitter. What shall be observed with respect to the above single transmitter-based testing proposals, is that it might not be possible to verify which transmitters are used during the test, without definition of certain test modes and additional test interfaces for the AAS BS to relay the information to the tester/test equipment. 
Therefore, in order to simplify the testing effort, it is proposed to consider reusing the test conformance approach already specified in the 37.145-1, where the compliance methodology is somehow left to be decided by the test engineers, as long as the AAS BS compliance is shown: 
The minimum requirement is applied to all TAB connectors, they may be tested one at a time or multiple TAB connectors may be tested in parallel as shown in annex subclause x.y. Whichever method is used the procedure is repeated until all TAB connectors necessary to demonstrate conformance have been tested.
The above referred conformance testing approach is already used in number of test procedures for the following conducted requirements: 
· Maximum output power
· UTRA Inner loop power control in the downlink
· Power control dynamic range
· Total power dynamic range
· IPDL time mask
· Transmitter OFF power
· Transmitter transient period
· Modulation quality
· Occupied bandwidth
· ACLR
· SEM
· Operating band unwanted emissions
· Transmitter intermodulation
In order to translate it into the OTA test requirement, the “TAB connector” needs to be replaced by the “transmitter units” and resulting beam(s). Furthermore, some level of manufacturer’s declaration might be needed to reassure AAS BS compliance, which is FFS.
Referring to the test conformance approach referred above, and possibility of parallel testing, it shall be observed, that this approach would require generating multiple beams, using different carrier frequencies in parallel. This is not any obstacle for the AAS BS, however it is seen that setting up such test environment would require additional test equipment and it will make the testing more complex, which does not provide good justification to study this alternative for frequency error testing, at least. 
Test models for EVM and frequency error testing
During RAN4#81 meeting, paper in [3] presented discussion on the test models used in the frequency error testing. It was observed in [3], that some of the test models are specifying power levels during the test. According to the Observation 8 in [3], it was proposed to investigate the motivation behind the “min power” setting for the frequency error test model: 
Observation 8 [3]: it shall be clarified what is the meaning of the ‘min power’ in the Test Models. Impact of the low power setup on the measurement accuracy shall be investigated. 
Below we present short investigation on the motivation behind the ‘min power” condition for the frequency error requirement, based on the analysis of the single RAT conformance testing specifications. 
1.1.1 UTRA test models for the frequency error testing
Referring to the UTRA test specification in TS 25.141 [6], test models specify the frequency error test (together with the EVM test) to be measured on all 15 slots of the frame defined by the Test Model, using the following configurations: 
· TM1: 
· base station maximum output power; for all modulations schemes,
· Total power dynamic range (at Pmax,c); for all modulations schemes, 
· Frequency error (at Pmax,c); for all modulations schemes,
· EVM for QPSK modulation (at the Pmax,c),
· …and other. 
· TM4:
· EVM measurement,
· Total power dynamic range,
· Frequency error.
Based on the above summary, it can be observed that there is no definition of the “min power” condition for the EVM and frequency error testing in UTRA provided directly. However, during the test procedure for the EVM and frequency error, both test models are used sequentially in order to model the maximum and the fractional power allocation. The total power dynamic range testing requires to setup the maximum power conditions, as well as the fraction of power allocation based on the TM4, as specified in [5] for EVM test. Therefore, the issue of the “min power” still applies to the UTRA frequency error testing as well. 
Observation 2: UTRA specification requires frequency error testing based on the TM4 fractional power allocation.  
1.1.2 E-UTRA test models for the frequency error testing
Referring to the E-UTRA test specification in TS 36.141 [5], the below listed test models are specified for EVM and frequency error tests, depending on the modulation scheme and the power setting: 
· E-TM3.1: 
· Output power dynamics
· Total power dynamic range (upper OFDM symbol power limit at max power with all 64QAM PRBs allocated) 
· Transmitted signal quality
· Frequency error
· EVM for 64QAM modulation (at max power)
· E-TM3.1a: 
· Output power dynamics
· Total power dynamic range (upper OFDM symbol power limit at max power with all 256QAM PRBs allocated) 
· Transmitted signal quality
· Frequency error
· EVM for 256QAM modulation (at max power)
· E-TM3.2:
· Transmitted signal quality
· Frequency error
· EVM for 16QAM modulation
· E-TM3.3:
· Transmitted signal quality
· Frequency error
· EVM for QPSK modulation
· E-TM2:
· Total power dynamic range (lower OFDM symbol power limit at min power), 
· EVM of single 64QAM PRB allocation (at min power)
· Frequency error (at min power) 
· E-TM2a:
· Total power dynamic range (lower OFDM symbol power limit at min power),
· EVM of single 256QAM PRB allocation (at min power)
· Frequency error (at min power)
As listed above for the E-TM3.1/3.1a and for the E-TM2/2a, test models for the EVM and the frequency error were defined with values for the min/max transmit power settings in order to test the total power dynamic range, and the frequency error shall be tested for both power settings. According to the definition of the total power dynamic range for E-UTRA [5], it is defined as the difference between the maximum and the minimum transmit power of an OFDM symbol for a specified reference condition, where those power limits are as below: 
· The upper limit of the E-UTRA dynamic range is the OFDM symbol power for a BS at maximum output power. Due OTA testing and consideration of various test ranges, their test distances will impact the upper limit of the signal level.
· The lower limit of the dynamic range is the OFDM symbol power for a BS when one resource block is transmitted. Same as for the upper limit above, the signal level received during the test will be impacted by the OTA test range. Depending on the test specific pathloss it should be further investigated whether the measurement of the lower limit for the transmitter dynamic range could be impacted by the OTA test setup. This discussion is out of scope of this contribution. 
Based on the above analysis, and Observation 8 from [3], it is proposed to conclude on the frequency error requirement without initial consideration of the “min power” case, which should be studied under the total power dynamic range requirement. This discussion is out of scope of this contribution. 
Observation 3: it can be observed that the “min power” condition applies for the E-TM2/2a test model and it is motivated by the total power dynamic range requirement. 
Observation 4: Potential impact of the OTA test setup on the total power dynamic range measurement shall be further investigated. This discussion is out of scope of this contribution. 
Proposal 2: Reuse the existing single RAT conducted test models for the OTA testing, where possible. Capture the OTA frequency error requirement for all the test modes.
Proposal 3: The “min power” case is FFS under total power dynamic range requirement.  Output power dynamics testing OTA is FFS. 
The observations and proposals listed above for the OTA frequency error requirements are expected to be equally applicable for the EVM OTA testing. 
Referring back to the discussion on the test models above, it can be observed that frequency error testing is using the same test models as the EVM test procedure. As specification of the transmitted signals shall not be related to the test range aspects, it is proposed to reuse the existing single RAT conducted test models for the OTA testing, where possible. This approach would allow to avoid introduction of OTA-specific test models and simplify eAAS specification drafting. 
Proposal 4: OTA frequency error testing to be performed together with the OTA EVM testing. 
Furthermore, it shall be noted that the EVM compliance range was already discussed. Even though the OTA frequency error is proposed to be tested together with the EVM, it looks that frequency error compliance range might not be necessarily the same as the EVM compliance range. Observation 1 shall be referred here: frequency error will be correlated among all TRX units which are phase synchronized. Frequency error is expected to have flat spatial response. As the frequency error spatial response is flat it can be further observed that the same measurement result can be expected from either a directional or a TRP requirement, however due to the nature of the frequency error metric, obtaining a TRP requirement would be complex and the measurement would be time consuming. Hence frequency error is proposed to be defined as a directional requirement, which is tested in centre of beam in reference direction. 
Proposal 5: OTA frequency error measurement to be performed in centre of beam in reference direction, based on the direction requirement.
Conclusion
Based on the analysis in this contribution, number of observations were captured. Based on the observations, it is proposed to agree on the proposals below: 
Proposal 1: The OTA core requirement definition and its requirement values for frequency error shall be reused from the conducted AAS BS specification. 
Proposal 2: Reuse the existing single RAT conducted test models for the OTA testing, where possible. Capture the OTA frequency error requirement for all the test modes.
Proposal 3: The “min power” case is FFS under total power dynamic range requirement.  Output power dynamics testing OTA is FFS. 
Proposal 4: OTA frequency error testing to be performed together with the OTA EVM testing. 
Proposal 5: OTA frequency error measurement to be performed in centre of beam in reference direction, based on the direction requirement.
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