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1. Introduction

At last meeting in Reno (RAN4#81) the topic on how to specify and test OTA frequency error for AAS base stations as part of eAAS WI was discussed [1, 2]. 
It has been agreed to capture background information and description of individual OTA requirements in the eAAS TR 37.843 [3].

This contribution presents background information and some aspects related to OTA testing of carrier frequency error to be included in TR 37.843, clause 5. At the end of this contribution a text proposal for TR 37.843, sub-clause 5.5.2 is attached for approval.
2. Discussion

As part of transmitted signal quality requirements for base station in TS 37.105 [4], a minimum requirement for frequency error is included. The aim in eAAS WI is to create a OTA requirement which is equivalent to the current conducted requirement in sub-clause 6.5.2 in TS 37.105 at the TAB connector. The OTA requirement could potentially allow implementation and conformance testing of carrier frequency error without access to the TAB connector interface. 

The history behind having a RF core requirement for carrier frequency error goes back to the early days of radio transmissions. The intention with the requirement is to secure that the radio transmit at the intended frequency within proper channel. The background for a frequency error requirement in RAN4 is from regulatory in some regions.
In general, the frequency error is defined as the difference between an assigned frequency and the actual generated frequency. For base stations the frequency error is defined as the difference between an assigned carrier frequency and the actual generated carrier frequency. 

Currently, the conducted requirement is defined as the measure of the difference between the actual base station transmit frequency and the assigned frequency at each transmitter connector. The frequency error is tested in parallel with EVM sharing the same test setup and procedure. 

In the context of base station carrier frequency error requirement, OTA means a free space non-fading RF environment, where the frequency error is specified and tested in the radiated domain. 

From the discussion in [1, 2] it can be concluded that the minimum requirement for frequency error applies;  

1. For a system with full complement of transceivers units for configuration in normal conditions.

2. During the transmitter ON period. 

3. Per TAB connector. 
An equivalent OTA requirement for frequency error should strive to follow the same conditions where it is applicable. An unavoidable fact with a frequency error OTA requirement is the spatial aspect that radiated requirement in general is associated with. Instead of anchoring the requirement at the TAB connector it is suggested to find a radiated equivalent. For radiated transmit power a concept based on beams have been designed and could possibly be used as base for OTA frequency error too. 

From the conformance test specification TS 37.145-1, sub-clause 6.5.2 [5] the following information about how to test frequency error can be found;

1. The test environment is normal, according to 37.145-1, Annex B.2.

2. The frequency error is tested for a single carrier. 

3. The frequency error is tested at bottom, mid and top frequency channel within supported band. 
4. The frequency error is tested using the test method described for EVM in TS 37.145-1, sub-clause 6.5.4.

The fact that frequency error is traditionally tested together with EVM is fruitful from an overall test time perspective and should be considered for eAAS OTA requirements too. 
A consequence of testing EVM and frequency error in parallel is that frequency error is tested using multiple Test Models. E.g. for E-UTRA, frequency error is tested using E-TM2 (minimum power dynamics), E-TM3.1 (64QAM maximum power), E-TM3.2 (16QAM maximum power) and E-TM3.3 (QPSK maximum power), as specified in TS 36.141, sub-clause 6.1.1 [7]. 
For E-UTRA, three distinct classes of test models are defined: E-TM1, E-TM2 and E-TM3. The first and third classes have further sub-classes. All test models share the following attributes:

· Defined for a single antenna port, single code word, single layer with no precoding

· Duration of one frame (10ms)

· Normal cyclic prefix

· Localized virtual resource blocks, no intra sub-frame hopping for PDSCH

· Cell-specific reference signals only; no use of UE-specific reference signals

The data content of the PDSCH is generated from a sequence of zeros scrambled using a length-31 Gold code according to TS 36.211 [6], as are the reference signals and the primary and secondary synchronization signals. The physical channels PBCH, PCFICH, PHICH and PDCCH all have detailed definitions. For each E-TM every physical signal and physical channel is allocated into the channel at a specific power relative to the reference signal power. There are six different mappings for each E-TM to take account of the six different channel bandwidths.

Re-using the concept of available Test Models for E-UTRA, the OTA frequency error needs to be tested per beam carrying a single logical antenna port (e.g. an antenna port carrying CRS 0).
In the discussion in [2], it was suggested to tie the frequency error requirement to a manufacturer declared beams, which at the first glance makes sense when requirements are moved to the radiated domain. However, the frequency error is not directly related to the spatial aspects of the beam characteristics, since the frequency domain is of interest not the power distribution in the spatial domain. Consequently, frequency error does not directly relate to declared beams part of radiated transmit power, with certain beam widths and pointing direction. Instead the requirement should be defined so that each transmitter is operating at full power at configured frequency channel. A beam for this could be defined if needed. However, this beam is not declared as in previous requirements. The beam should be defined as part of the requirement. There are two possible test beams that capture the overall system characteristics in terms of frequency error;

1. All transmitters operating at the same time at full power. This configuration would generate a narrow beam with maximum possible EIRP. In this scenario, one test is required to capture the frequency error for the whole system.
2. Individual transceiver operating at the time at full power generating a wide element beam. This case mimics the current conducted test for frequency error. The drawback is that the frequency error need to be tested per each transmitter to show full system compliance.
The beams described above differ from the beams declared for radiated transmit power and EVM, which consequently breaks the tradition to measuring EVM and frequency error at the same time using a common test object configuration. However, the cost in terms of test time required for switching E-TM and beam configuration is low, which allows the test method to be aligned between EVM and frequency error and potentially other requirements using different beam and E-TM configurations.
3. Conclusion

A requirement for OTA frequency error can be defined based on pre-defined beams, unlike the concept used for radiated transmit power, where beams are manufactured declared. The technical justification to use pre-defined beams is that the spatial characteristics does not affect the frequency error.  
It is suggested to re-use the concept of Test Models already defined for UTRA and E-UTRA.

The spatial characteristics is not vital for frequency error, however the pre-defined beams should be configured with respect to the test facility in terms of test object alignment and polarization matching so that the measured signal level is within the dynamic range of the signal analyser.
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5.5.2

Frequency Error


5.5.2.1 
Background information on the conducted requirement

The frequency error requirement is defined to capture the maximum allowable difference between an assigned frequency and the actual generated frequency. For base stations the frequency error is defined as the difference between an assigned carrier frequency and the actual generated carrier frequency. 

The history behind having a RF core requirement for carrier frequency error goes back to the early days of radio transmissions. The intention with the requirement is to secure that the radio transmit at the intended frequency within proper channel. The background for a frequency error requirement in RAN4 is from regulatory in some regions.
5.5.2.2 Frequency Error OTA requirement

It was suggested to tie the frequency error requirement to a manufacturer declared beams, which at the first glance makes sense when requirements are moved to the radiated domain. However, the frequency error is not directly related to the spatial aspects of the beam characteristics, since the frequency domain is of interest not the power distribution in the spatial domain. Consequently, frequency error does not directly relate to declared beams part of radiated transmit power, with certain beam widths and pointing direction. Instead the requirement should be defined so that each transmitter is operating at full power at configured frequency channel. A beam for this could be defined if needed. However, this beam is not declared as in previous requirements. The beam should be defined as part of the requirement. There are two possible test beams that capture the overall system characteristics in terms of frequency error;
I. All transmitters operating at the same time at full power. This configuration would generate a narrow beam with maximum possible EIRP. In this scenario, one test is required to capture the frequency error for the whole system.
II. Individual transceiver operating at the time at full power generating a wide element beam. This case mimics the current conducted test for frequency error. The drawback is that the frequency error need to be tested per each transmitter to show full system compliance.

The beams described above differ from the beams declared for radiated transmit power and EVM, which consequently breaks the tradition to measuring EVM and frequency error at the same time using a common test object configuration. However, the cost in terms of test time required for switching E-TM and beam configuration is low, which allows the test method to be aligned between EVM and frequency error and potentially other requirements using different beam and E-TM configurations.
[The end of text proposal]
