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Introduction
During RAN#80bis meeting, discussion on the OTA frequency error requirement for the AAS BS was initiated in [1]. 
In this contribution, discussion on the OTA frequency error requirement for the AAS BS is continued. 
Discussion
During the previous RAN4#80bis meeting, discussion on the OTA frequency error for the AAS BS was initiated in [1], where multiple observations has been made, related to the frequency error requirement and its testability OTA. Observations from [1] are listed below: 
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.
The discussion on the above observations is continued below. 
Core requirement	
It shall be noted, that the observations above, except Observation 3, are related to the test requirement, not to the core definition of the frequency error requirement. Referring to the Observation 3, it was raising the question whether the already defined conducted frequency error requirement could be reused for OTA testing. Referring to the AAS BS architecture, the translation of the conducted requirement into the radiated requirement needs to additionally take into consideration the RDN and antenna array. Those linear elements are product and implementation specific and are out of scope of the specification. It is proposed, that the OTA frequency error shall be subject to the same core requirement of the frequency error as defined for the conducted testing at the TAB connectors, and potential additional contributors of the phase noise due to consideration of the RDN and antenna array shall be negligible. 
In case of both the conducted and the radiated testing, the resulting frequency error could potentially have multiple sources. The difference among those two approaches is that in case of conducted testing, each of the TAB connectors was evaluated individually for the frequency error requirement. In case of OTA testing, during the beam creation, all the individual signals (all being subject to the frequency error) from multiple transmitters are now synthesized into the beam over the air. It could be questioned what would be the effect on frequency error due to multiple different error sources. What can be observed, is that in order to successfully generate the beam which is composed from multiple signals from TRX units, and to direct it towards specific user, those signal could have multiple LO’s, however they shall be synchronized, in order to add up in phase at the intended location in space. In other words, the evaluation of the frequency error shall be of interest in the center of the main beam.
Observation 1: Evaluation of the beamforming impact on the frequency error in spatial domain shall be further studies in order to clarify whether the frequency error can be consider flat. 
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Figure 1: Radiated and conducted points of reference of AAS BS
Proposal 1: For the OTA frequency error, reuse the already specified core requirement from the conducted AAS BS specification. 
Conformance test requirement
Based on the Observation 1 above (i.e. frequency error requirement applies per declared beam(s)) it was discussed, whether it is necessary to test the frequency error for all the declared beams. From the testing effort perspective it would be preferred to limit the testing to a subset of all declared beams, as it is not expected that such limitation would compromise the conformance testing of the AAS BS. 
However, referring to the manufacturer’s declarations in 3GPP TS 37.145-2 [3], it shall be noted that the declared beams are assigned the supported operating bands and RATs. In consequence, limitation of the OTA frequency error requirement to selcted beams, might not allow the frequency error testing for all the frequency bands and RAT’s supported by the AAS BS. 
Table 1: Selected AAS BS manufacturer declarations
	Declaration identifier
	Declaration
	Description

	D9.3
	Beam identifier
	A unique title to identify a beam. e.g. a,b,c or 1,2,3.
The vendor may declare any number of beams, the minimum requirement to declare for conformance are the beams with the highest intend EIRP for each of the beams widths below:
1)	Narrowest intended BeWθ, narrowest intended BeWϕ (possible when narrowest intended BeWθ) at the reference beam direction.
2)	Narrowest intended BeWϕ, narrowest intended BeWθ (possible when narrowest intended BeWϕ) at the reference beam direction.
3)	Widest intended BeWθ , widest intended BeWϕ (possible when widest intended BeWθ at the reference beam direction.
4)	Widest intended BeWϕ – widest intended BeWθ (possible when widest intended BeWϕ) at the reference beam direction.
5)	BeWθ and BeWϕ which provide highest intended EIRP of all possible beams at the reference beam direction.
NOTE 1:	Depending on the capability of the system some of these beams may be the same.
When selecting the above five beam widths for declaration, all beams that the AAS BS is intended to produce shall be considered, including beams that during operation may be identified by any kind of cell or UE specific reference signals, with the exception of any type of beam that is created from a group of transmitters that are not all phase synchronised.

	D9.4
	Beam operating band support
	UTRA and/or E-UTRA operating band(s) supported by the beam, declared for every beam identified in D9.3.

	D9.5
	Beam RAT support
	RAT(s) supported by each beam for each supported operating band, declared for every beam identified in D9.3.



Based on the above argumentation, the following can be proposed: 
Observation 2: OTA frequency error testing effort can be reduced, by considering the following limitations: 
· OTA frequency error could be tested for selected beams, out of those declared 
· In case of multi-carrier beams, AAS BS shall be tested for the frequency error requirement according to the B, M, T approach specified so already. 
· OTA frequency error shall be tested for all the frequency bands supported by the AAS BS.
· OTA frequency error shall be tested for all the RAT’s supported by the AAS BS.
Referring to the Observation 7 above, it was proposed to consider the frequency error testing together with the EVM testing. Referring to the EVM Way Forward agreed during last RAN4#80bis meeting in [2], the following was agreed: 
· Manufacturer declares the intended EVM directions range.
· The BS shall meet the OTA EVM requirement across the declared EVM directions range.
· Conformance to OTA EVM requirements shall be demonstrated at the extreme directions of the declared coverage direction range and at the centre.

Declared OTA EVM directions range
Centre of the EVM directions range
OTA EVM requirement conformance points

Figure 2: of AAS BS
The following issues remain open for further discussion and decision [2]:
· Whether OTA EVM requirements apply per beam or over the declared EVM directions range with only 1 EVM directions range.
· How to declare the coverage direction range, either adopting same as EIRP direction set or as a new EVM direction set, or something else, is still FFS.
· How to apply EVM requirements for AAS with multiple transceivers but without the ability to user beam steer is FFS.
Considering than the frequency error measurement in case of the conducted requirements was measured during the EVM test, and further considering the above agreements on the OTA EVM, it is observed, that there are two alternatives: 
· Alternative 1: the OTA frequency error is tested based on the EVM test over the EVM directions range. 
· The already declared beams are not considered for the testing purposes of frequency error. 
· The EVM and the frequency error testing is performed during the same test procedure, in the same test setup. 
· Testing would have to be extended to consider all the frequency bands supported by the AAS BS, as well as the supported RAT’s. 
· As the conformance to OTA EVM requirements shall be demonstrated at the extreme directions of the declared coverage direction range and at the centre, it is proposed to limit the OTA frequency error test to single direction within the EVM directions set. 
· Alternative 2: the OTA frequency error is tested based on the Rel-13 declared beams.
· The already declared beams are considered for the testing purposes of frequency error. It is FFS which of the declared beams shall be tested.
· The EVM and the frequency error testing is no longer performed in parallel.
· As the OTA frequency error relies on the already declared beams, the frequency bands supported by the AAS BS and the RAT’s supported by the AAS BS are already taken into consideration. 
· In this alternative, the EVM directions set is not considered. OTA frequency error test can be limited to the beam’s direction pair, or the EIRP directions set can be considered. 
NOTE: it shall be further studied, what would be the relation of the EVM direction set, and the EIRP directions sets of all the declared beams. 
Observation 3: OTA frequency error testing together with the EVM test shall be further investigated, considering the ongoing EVM discussions. Decision on Alternative 1 or 2 shall follow. 
Referring to the Observation 9 in [1], it was proposed to limit the testing of the OTA frequency error to single direction within the beam’s EIRP accuracy directions set. What was already agreed in the WF on the OTA EVM testing in [2], was to test the EVM requirement at the extreme directions of the declared coverage direction range and at the centre. It shall be further discussed for the testing procedure, whether the frequency error can be tested only in the centre of the EVM directions set. On the other hand, the current (i.e. conducted) test setup for the EVM and for the frequency error is exactly the same and consideration of the frequency error at the extreme directions of the declared coverage direction range and at the centre shall not be considered as significant increase of the testing effort. 
NOTE: relation between the EVM directions set and the EIRP directions set is still FFS, as captured in [2].
Observation 4: It shall be further discussed for the testing procedure, whether the frequency error shall be tested only in the centre of the EVM directions set, or also at extreme directions of the declared coverage direction range.
Test models 
Referring to the 3GPP TS 37.145-1 [4] section 4.12.2 on Test Models, the following is captured for the EUTRA testing: 
b)	The configuration of the carriers in test configurations used for testing modulation quality and frequency error shall be as follows:
-	For the case that modulation accuracy is measured for E-UTRA, the E-UTRA carriers shall be configured according to the supported E-TM3.1, E-TM3.2, E-TM3.3 and E-TM2 as defined in 3GPP TS 36.141 [17] subclauses 6.1.1.4, 6.1.1.5, 6.1.1.6 and 6.1.1.3 whilst any remaining carriers from other RAT(s) shall be configured according to a). For BC3 CS3 BS testing, E-UTRA carriers shall be configured according to E‑TM3.1_BC3CS3, E-TM3.2_BC3CS3, E-TM3.3_BC3CS3 and E-TM2_BC3CS3 defined in annex E of 3GPP TS 37.141 [16].
Referring to the 3GPP TS 36.141 [5], the above listed test models are specified for the following (EVM and) frequency error tests: 
· E-TM3.1: Transmitted signal quality test:
· Frequency error
· EVM for 64QAM modulation (at max power)
· E-TM3.2: Transmitted signal quality test:
· Frequency error
· EVM for 16QAM modulation
· E-TM3.3: Transmitted signal quality test:
· Frequency error
· EVM for QPSK modulation
· E-TM2: Transmitted signal quality test:
· EVM of single 64QAM PRB allocation (at min power)
· Frequency error (at min power) 
As listed above for the E-TM3.1 and for the E-TM2, test models for the EVM and the frequency error were defined with values transmit power settings. In case of OTA testing, this will require further discussion on the consideration of the following elements: 
· RDN and AA internal losses
· AAS BS antenna gain 
· Test range specific pathless
· Minimum / maximum power level able to be received by the reference antenna of the test range
The above elements will impact the signal level, and its expected that their impact will be insignificant for the high power Test Models.
Observation 5: Impact of the OTA testing specific contributors on the signal level in case of low power TM is FFS.  
Referring to the 3GPP TS 37.145-2 [3], test models for the Rel-13 OTA requirements were reused from the non-AAS specification. Adaptation and reuse of those test models for (EVM) and frequency error OTA testing requires further study. 
Observation 6: reuse of the already specified test models for (EVM) and frequency error OTA testing can be assumed.
Furthermore, as listed above for the E-TM2 test model, that EVM and frequency error were tested at the min power condition. Testing at the minimum power condition in the OTA setup might pose additional complications due to OTA test specifics and motivation for such test at minimum power condition shall be further discussed.
Observation 7: motivation for the EVM and frequency error test models at minimum power condition shall be further discussed.
Observation 8: 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. 
Conclusion
Based on the discussion above, it is proposed to consider the following observations in the future eAAS BS discussions on the OTA frequency error requirement. It is proposed to capture the above observation in the TR 37.843 for the Rel-14 eAAS BS work: 
Proposal 1: For the OTA frequency error, reuse the already specified core requirement from the conducted AAS BS specification. 
Observation 1: Evaluation of the beamforming impact on the frequency error in spatial domain shall be further studies in order to clarify whether the frequency error can be consider flat. 
Observation 2: OTA frequency error testing effort can be reduced, by keeping the following limitations: 
· OTA frequency error does not have to be tested for all of the declared beams
· 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
· OTA frequency error shall be tested for all the frequency bands supported by the AAS BS
· OTA frequency error shall be tested for all the RAT’s supported by the AAS BS
Observation 3: OTA frequency error testing together with the EVM test shall be further investigated, considering the ongoing EVM discussions. Decision on Alternative 1 (EVM directions set) or Alternative 2 (Rel-13 beams declarations) shall follow. 
Observation 4: It shall be further discussed for the testing procedure, whether the frequency error can be tested only in the centre of the EVM directions set.
Observation 5: Impact of the OTA testing specific contributors on the signal level in case of low power TM is FFS.  
Observation 6: reuse of the already specified Rel-13 OTA test models for (EVM) and frequency error OTA testing requires further study.
Observation 7: motivation for the EVM and frequency error test models at minimum power condition shall be further discussed.
Observation 8: 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. 
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