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Introduction
During RAN#80 meeting, Way Forward in [1] was agreed, capturing observations on the ACLR and EVM discussion and listing discussion items for further study on SEM, reference sensitivity and blocking for eAAS. Furthermore, in separate contribution in [2], scope of the remaining OTA requirements for eAAS was captured. 
In this contribution, discussion on the OTA frequency error requirement is initiated for Rel-14 eAAS BS. 
Discussion
In case of the conducted frequency error, the requirement derivation was based on the simulation results, which were observing the performance degradation for different transmission modes due to additional frequency error component introduction. Below, aspects related to the OTA frequency error for the eAAS BS are discussed, with the consideration on reusing the conducted frequency error requirement also in the OTA setup.
Core requirement
Referring to the AAS BS core requirements specification in TS 37.105 [4], the core requirement for the frequency error is defined as follows: 
This requirement applies per TAB connector.
The requirement applies during the transmitter ON period.
Frequency error is the measure of the difference between the actual AAS BS transmit frequency and the assigned frequency. The same source shall be used for RF frequency and data clock generation.
According to the definition above, the frequency error requirements specified the accuracy of the modulated carrier frequency, with the reference to the assigned frequency. Therefore, one shall expect that the frequency error for certain carrier should be subject to one source, e.g. single oscillator. Otherwise, the generation of single CW would be subject to intermodulation products and UE demodulation performance would be degraded. What this requirement doesn’t specify is the phase shift among signals originating through separate TRXU units, as well as the resulting spatial distribution of the phase shift. This will be subject to separate OTA Time Alignment Error requirement. 
For the OTA eAAS specification, it is obvious that the frequency error would no longer be allocable per TAB connector. Instead, it would have to rely on the manufacturer’s declared beams and the frequency error requirements would have to be verified based on the transmission of certain beam. 
Observation 1: Frequency error requirement applies per declared beam(s). 
It shall be further studied, whether testing one beam for the frequency error would be sufficient to comply with the requirement, or all the declared beams would have to be tested. From the testing effort point of view, it would be preferred not to require frequency error testing for all the declared beams. 
Observation 2: it shall be further studied, whether the frequency error needs to be tested for all the declared beams, or single beam testing would be sufficient to comply with the requirement. 
The E-UTRA conducted core requirement for the frequency error in TS 36.104 [5] is as follows: 
the modulated carrier frequency of each E-UTRA carrier configured by the BS shall be accurate to within the accuracy range given in Table 1 below, observed over a period of one subframe (1ms).
In similar way, the UTRA conducted frequency error requirements are formulated in for FDD in [6] and for TDD in [7]. 
Table 1. E-UTRA frequency error minimum requirement
	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm



Based on the above conducted E-UTRA core requirement, it shall be further discussed, whether the above frequency accuracy requirements can be reused for the OTA eAAS specification, where the frequency error is expected to be specified based on the per-beam basis.
Observation 3: it shall be further studied, whether the above frequency accuracy requirements can be reused for the OTA eAAS BS specification. 
Consideration of frequency error sources
It is observed, that in case of conducted frequency error requirement, the frequency error requirements were defined “per carrier” and no inter-carrier frequency error requirement was specified. When discussing the OTA requirement, consideration of the “per carrier” frequency error can be reused:
· Single carrier test: in case of single oscillator or single clock used for synchronisation purposes across all TRXU units in AAS BS for the generation of signals forming a single carrier beam in the AAS antenna array, the application of frequency error requirements seems to be the most straight forward (i.e. the generated beam is subject to single frequency error) and the core requirement can be directly reused from Rel-13 AAS conducted specification. The above assumes that the RDN and AA array are not introducing any non-linarites to the signal from the transceiver array. 
· As the internal AAS BS architecture is implementation specific, the beam can be generated using various numbers for the TRXU units, i.e. there is no longer one-to-one mapping between the TRXU unit and the TAB connector. It is considered, that in order to allow UE to successfully demodulate beam at certain frequency with certain demodulation requirement, the AAS BS must use single oscillator or single clock must be used for synchronisation purposes across all TRXU units used to generate carrier frequency of a beam (which could potentially be multi-carrier). It shall be further discussed whether such assumption limits any AAS BS implementations.  
· Beams supporting CA can operate in one of the following variants: 
· CA operation in contiguous spectrum in single band,
· CA operation in both contiguous and non-contiguous spectrum in single band,
· Multiband CA operation.
In case of beams generated as multi-carrier, or multi-band, it seems to be reasonable to rely on the already defined conducted CA requirements for the frequency error, where each of the carriers is subject to the frequency error requirement.
Referring to the Carrier Aggregation discussions on the conducted frequency error where the additional inter-carrier frequency error contributors were discussed, the resulting frequency error requirement captured in the SRAT and MSR specifications doesn’t clearly specify, whether the requirement shall be verified among all component carriers in case of CA, or single test is sufficient. Applicability of such testing complexity when considering per-beam testing shall be clarified.
· If multiple oscillators (being subject to uncorrelated frequency errors) are required to generate multi-carrier signals in the transceiver unit array across TRXU units for the beam(s) generation in the antenna array, it is assumed that each of individual frequency error sources shall comply with the frequency error requirements as already specific in the conducted AAS BS specification. In case of multiple oscillators required for generation of beams, there is possibility that the frequency error contributors, as well as their distribution could be subject to multiple error sources. In case of per-beam and per-carrier frequency error requirement definition, this shall not cause any complications, except the testing effort increase. 
· From the UE point of view, it should be transparent to the UE whether it is connected to the non-AAS BS, or to AAS BS. Therefore, it would be reasonable to keep the same level of the frequency error requirement when introducing its OTA version. This approach is also supported by the text in AAS WID’s objective, i.e. the enhanced Rel-14 AAS BS specification will be based on migrating the existing R13 AAS BS conducted requirements to over the air requirements which provide the same level of performance and protection as the rel-13 AAS BS requirements do.
Observation 4: it is proposed to reuse of the per-beam and per-carrier proposal for the frequency error OTA requirement. 
Test requirement
[bookmark: _Toc460850880][bookmark: _Toc461366490]TS 	37.145-1 [3] captures frequency error requirements for UTRA FDD, UTRA TDD and E-UTRA, as presented in table below. 
Table 2. Frequency error test requirement [3]
	BS class
	Accuracy

	Wide Area BS
	±(0.05 ppm + 12 Hz)

	Medium Range BS
	±(0.1 ppm + 12 Hz)

	Local Area BS
	±(0.1 ppm + 12 Hz)



In case of the conducted frequency error testing, the measurement equipment uncertainty was considered to be equal to the Test Tolerance value and it was agreed to be 12Hz. 
Referring to the test setup of the Rel-13 OTA, there is also test range to be considered, equipped with the test equipment performing the actual measurements. In case of OTA test ranges, there was test system uncertainties (quantified in dB) calculated for the EIRP and EIS. It shall be further studied, whether the frequency error testing would also require test tolerance quantified in the Hz units due to the OTA test system measurement methodology potentially introducing any non-linearity causing additional measurement uncertainties in the frequency domain. 
Observation 5: it shall be verified, whether the TT values of the conducted frequency error testing can be reused in the OTA testing, or additional test system specific uncertainty contributors have to be considered.
Considering the discussion on higher frequency bands, it shall be further clarified with test vendors, what is the upper frequency of the conducted TT value for the frequency error measurement.
Observation 6: it shall be further clarified with test vendors, what is the upper frequency of the conducted TT value for the frequency error measurement. 
Test method
The method of test for the frequency error requirement captured in the TS 37.145-1 [3] is as follows: 
Requirement is tested together with modulation quality test, as described in subclause 6.5.4.
Furthermore, referring to the UTRA EVM test in TS 37.145-1 [3], section 6.5.4.4.2 in EVM test procedure, step 2: 
2)	For each carrier, measure the Error Vector Magnitude and frequency error as defined in annex E and the mean power of the signal. The measurement shall be performed on all 15 slots of the frame defined by the Test Model.
The same relation to the EVM (i.e. frequency test performed together with the EVM test) test applies also in case of multi-carrier and CA testing in the following variants: 
· BS capable of multi-carrier and/or CA operation in contiguous spectrum in single band only,
· BS capable of multi-carrier and/or CA operation in both contiguous and non-contiguous spectrum in single band,
· Test configuration for a BS capable of multi-band operation.
Based on the above, the per-beam testing of the frequency error (Observation 1) can be further refined in order to follow the EVM testing. 
Observation 7: it is proposed to consider the frequency error testing together with the EVM testing, also in case of OTA requirements. 
Frequency error consideration in the spatial domain 
When discussing the OTA requirement for frequency error, the question to be answered is how to incorporate the spatial domain to the equation. Referring to the discussion in section 2.4, tight relation between conducted frequency error and conducted EVM requirements was observed in the current AAS BS specification. Therefore, one possibility would be to propose the OTA frequency error test to be performed in the same setup as the OTA EVM test. Referring to the WF approved during last RAN4#80 meeting, the following was approved wrt. EVM: 
· EVM for beams steered towards specific users has been discussed during the current and previous meetings and it was agreed that for these beams, EVM should be defined in the center of the main lobe. The need or lack thereof of an EVM requirement for beams covering a cell was not discussed.
· For user specific beams
· EVM defined in the center of the main lobe
· EVM met with a beam steered anywhere within the EIRP accuracy directions set
· EVM tested with the same beam directions as EIRP accuracy
· EVM requirement, if any, for non-user specific beams TBC
Therefore, frequency error OTA testing in the centre of the beams steered towards specific user can be proposed for further consideration. 
Observation 8: frequency error OTA testing in the centre of the beams steered towards specific used is proposed for further consideration. Number of beams to be tested is TBD. In case of multi-carrier beams, all carrier shall be tested. All carriers supported by the AAS BS shall be tested at least once for the frequency error requirement’s conformance. 
Observation 9: it is proposed to limit the testing to single direction within the beam’s EIRP accuracy directions set.
When considering the above mentioned beams steered towards specific users, one additional aspect which might require consideration is the Doppler frequency shift, which together with the transmitter frequency error, adds to the frequency offset which have to be compensated by the UE for successful demodulation of the signal. It shall be noted, that Doppler shift was not accounted in the conducted frequency error requirement. Therefore, consideration of Doppler shift wound require to re-evaluate the value of the frequency error specified for conducted AAS BS requirement. Furthermore, different values of the Doppler shift are expected to be applicable to WA, MR and LA BS classes due to various UE mobility patterns. However, this aspects seems to be only applicable to the UE requirements. 
Conclusion
Based on the discussion above, the following observations were captured:
Observation 1: Frequency error requirement applies per declared beam(s). 
Observation 2: it shall be further studied, whether the frequency error needs to be tested for all the declared beams, or single beam testing would be sufficient to comply with the requirement. 
Observation 3: it shall be further studied, whether the above frequency accuracy requirements can be reused for the OTA eAAS BS specification.
Observation 4: it is proposed to reuse of the per-beam and per-carrier proposal for the frequency error OTA requirement. 
Observation 5: it shall be verified, whether the TT values of the conducted frequency error testing can be reused in the OTA testing, or additional test system specific uncertainty contributors have to be considered.
Observation 6: it shall be further clarified with test vendors, what is the upper frequency of the conducted TT value for the frequency error measurement. 
Observation 7: it is proposed to consider the frequency error testing together with the EVM testing, also in case of OTA requirements.
Observation 8: frequency error OTA testing in the centre of the beams steered towards specific used is proposed for further consideration. Number of beams to be tested is TBD. In case of multi-carrier beams, all carrier shall be tested. All carriers supported by the AAS BS shall be tested at least once for the frequency error requirement’s conformance. 
Observation 9: it is proposed to limit the testing to single direction within the beam’s EIRP accuracy directions set.
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