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Introduction
During RAN#80bis meeting, discussion on the OTA frequency error requirement for the AAS BS was initiated in [1]. During this meeting, the OTA frequency error discussion for the eAAS BS was continued in [2]. 
In this contribution, discussion on the OTA frequency error requirement for the NR BS is initiated. 
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 for reference: 
O1: frequency error requirement applies per declared beam(s). 
O2: 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. 
O3: it shall be further studied, whether the above frequency accuracy requirements can be reused for the OTA eAAS BS specification.
O4: it is proposed to reuse of the per-beam and per-carrier proposal for the frequency error OTA requirement. 
O5: 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.
O6: it shall be further clarified with test vendors, what is the upper frequency of the conducted TT value for the frequency error measurement. 
O7: it is proposed to consider the frequency error testing together with the EVM testing, also in case of OTA requirements.
O8: 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. 
O9: it is proposed to limit the testing to single direction within the beam’s EIRP accuracy directions set.
Furthermore, during this meeting, the OTA frequency error discussion for the eAAS BS was continued in [2] capturing further observations and proposals: 
Proposal 1: For the OTA frequency error, reuse the already specified core requirement from the conducted AAS BS specification. 
O10: 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. 
O11: 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
O12: 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. 
O13: 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.
O14: Impact of the OTA testing specific contributors on the signal level in case of low power TM is FFS.  
O15: Reuse of the already specified Rel-13 OTA test models for (EVM) and frequency error OTA testing requires further study.
O16: Motivation for the EVM and frequency error test models at minimum power condition shall be further discussed.
O17: 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. 
Based on the above observations, the frequency error discussion for NR is initiated below. 
Core requirement	
Referring to the single RAT specifications, the core requirement for the frequency error was specified as follows: 
Table 1: UTRA TDD frequency error minimum requirement, TS 25.105
	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Local Area BS
	±0.1 ppm

	Home BS (only for 1,28 Mcps TDD Option)
	±0.25 ppm



Table 2: UTRA FDD frequency error minimum requirement, TS 25.104
	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



Table 3:  EUTRA frequency error minimum requirement, TS 36.104
	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



The way the frequency error requirement is specified in the UTRA and EUTRA specification for the below 6GHz spectrum bands, makes is scalable with the frequency. Obviously, with the increase of the frequencies into the mmW area, the resulting frequency error will also rise significantly. Considering the NR spectrum range, it should be further discussed, whether specification of the frequency error requirement separately for below and above 6GHz would be beneficial. This approach seems reasonable considering range of deployment scenarios for those two frequency ranges. 
Observation 1: It should be further discussed, whether specification of the NR frequency error requirement separately for below and above 6GHz would be beneficial.
During specification of the E-UTRA frequency error, it was argued in [4], that the UTRA frequency error for Wide Area BS can be reused also for E-UTRA, as the Doppler shift frequency at Band 1 and at the assumed maximum, UE velocity of 250km/h is much higher then the frequency error contributor coming from the 0.05 ppm requirement. As noted above, the definition of the core requirement for the NR frequency error shall consider deployment scenario specific aspects like UE velocity and the maximum frequency value.
Considering mmW spectrum and beamforming which is expected to utilize pencil beams, the discussion on the NR frequency error shall consider the expected UE velocities (for the Doppler shift consideration) as well as the expected spectrum range used, in order to estimate the resulting frequency error requirement. Preferably, it would be proposed to reuse agreements on the deployment scenarios from the TR 38.803, if possible. Impact on the frequency error requirement from the NR specific carrier spacing and the maximum carrier bandwidth shall is FFS. 
Observation 2: Definition of the core requirement for the NR frequency error shall consider deployment scenario specific aspects like UE velocity and the NR spectrum bands to be used.
Observation 3: Impact on the frequency error requirement from the NR specific carrier spacing and the maximum carrier bandwidth shall is FFS.
In case of lower UE velocities considered for beam tracking application at higher mmW frequencies, the frequency error requirement could be tighten. However, this discussion requires first to consider the performance of the oscillators and their stability over the assumed time duration at higher frequencies, as well as cost effectiveness of setting tight requirements on the frequency stability. 
Referring to the Proposal 1 above, the following was proposed for the OTA requirement for the AAS BS: 
Proposal 1: For the OTA frequency error, reuse the already specified core requirement from the conducted AAS BS specification.
Referring to the way the frequency error requirement was specified so far, the ongoing discussion on the NR BS classes should be considered in this discussion. Similar to the UTRA and E-UTRA, the frequency error for the NR BS shall be specified separately per each BS class, to avoid creating too stringent requirements for some of the BS classes.
Observation 4: Similar to the UTRA and E-UTRA, the frequency error for the NR BS shall be specified per BS class.
In case of the TDD duplex consideration for NR, the frequency error requirement derivation shall take into account potential impact on the NR BS synchronization time and sync requirement. 
Observation 5: Definition of the core requirement for the NR frequency error shall consider network synchronization impact in case of TDD duplex consideration for NR.
It is further observed that the frequency accuracy could have potentially different impact on the system performance (such as e.g. handover performance, throughput, synchronization), depending on the considered scenario and the NR deployment (standalone vs. non-standalone). It is observed, that the cell throughput degradation due to the frequency error could be less critical in the DC-based non-standalone NR system, due to multiple alternative radio links available. This should not be an excuse to define too loose requirement, but its clear that this discussion requires to consider the NR use cases and deployment scenarios.
Observation 6: Set of the performance measures for the evaluation of the frequency error impact on the NR system performance is FFS.
Testability aspects
In the WF on the BS RF requirements for NR in [3], the frequency error requirement was listed as one of Tx requirements identified for further discussion on testability. Furthermore, the BS testability agreements captured that:
· Conducted requirements on current bands below 6 GHz not exploiting beamforming extensively (e.g. RRU + passive antenna)
· BS operating at current bands or possible new bands below 6 GHz exploiting beamforming (e.g. AAS base stations), both OTA requirements and hybrid requirements would be necessary
Based on the above, it can be concluded, that the NR frequency error would have to be considered in two variants, i.e. the conducted and the radiated. 
Observation 7: NR frequency error would have to be considered in two variants, i.e. the conducted and the radiated. 
Furthermore, referring to the eAAS discussion and the O12 captured above, it is observed that the frequency error was so far tested together with the EVM in the conducted test setup. Discussion on the OTA frequency error test and its testability effort is captured in [2].
Observation 8: OTA frequency error testing approach is proposed to be aligned with the eAAS conclusions on the EVM and frequency error testing in OTA setup.
Conclusion
Based on the discussion above, it is proposed to consider the following observations in the NR BS discussions on the OTA frequency error requirement:
Observation 1: It should be further discussed, whether specification of the NR frequency error requirement separately for below and above 6GHz would be beneficial.
Observation 2: Definition of the core requirement for the NR frequency error shall consider deployment scenario specific aspects like UE velocity and the NR spectrum bands to be used.
Observation 3: Impact on the frequency error requirement from the NR specific carrier spacing and the maximum carrier bandwidth shall is FFS.
Observation 4: Similar to the UTRA and E-UTRA, the frequency error for the NR BS shall be specified per BS class.
Observation 5: Definition of the core requirement for the NR frequency error shall consider network synchronization impact in case of TDD duplex consideration for NR.
Observation 6: Set of the performance measures for the evaluation of the frequency error impact on the NR system performance is FFS.
Observation 7: NR frequency error would have to be considered in two variants, i.e. the conducted and the radiated. 
Observation 8: OTA frequency error testing approach is proposed to be aligned with the eAAS conclusions on the EVM and frequency error testing in OTA setup.
It is encouraged, to keep alignment on the conclusions of the OTA frequency error requirement for the eAAS and NR. 
References
R4-168470			OTA frequency error requirement for eAAS, RAN4#80bis, Huawei 
R4-1610436			OTA frequency error requirement for eAAS BS, RAN4#81, Huawei
R4-168796			Way forward on BS RF requirements for NR, RAN4#80bis, Nokia, Ericsson, Huawei
R4-070479			E-UTRA base station Frequency error requirement, RAN4#43, Nokia
