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Introduction

The choice of test stimuli in the E-UTRA repeater conformance testing is one important remaining issue needed to be resolved in the LTE repeater WI. This contribution discusses a model to converge earlier discussion findings and allow a relatively simple test set-up for producing the test stimuli.
Background
In the UTRA repeater specifications, the basic approach in specifying the requirements has been to apply the same requirements as those applicable to the BS. The measurement approach has been to apply an ideal signal (i.e. a signal considerably better than the test requirement) to the repeater in port and measuring the property on the resulting signal at the repeater out port.

In E-UTRA, the access/modulation method in the DL differs from that in the UL, which has resulted in different definitions and measurement methods for the UE and the BS regarding similar properties. This corresponds to different definitions and measurement methods for the UL and DL. Also in E-UTRA, a greater emphasis is made so that the test methods should resemble real life conditions in an expected application environment.
In RAN4#49bis in Ljubljana, two contributions [1] and [2] pointed out the specific difficulties when choosing stimulus signals for repeater conformance testing. Though there could be no agreement on the way forward, there seemed to be an agreement on the special considerations required, as detailed below:

· The respective signal type for respective link direction is to be used for testing of properties and parameters where the signal content can influence the result. (i.e. DL test models shall be applied in the DL measurements and UL reference measurement signals shall be applied in the UL where test models are applied.)
· The UL reference measurement signal represents signals from one single UE while the repeater UL input signal in general will contain contributions from several UE. The UL reference measurement signal does thus have different statistic properties than what is expected from the repeater UL input.signal. In particular it has lower PAR (Peak to Average Ratio) than expected in real life, and thus the conformance testing risks verifying a performance insufficient for real life applications.

Additional E-UTRA complications
· The test models for E-UTRA DL do not have statistics such that they add in noise like manner, due to the data load carried in the specific test signals. This will result in a combined two carrier signal PAR being strongly dependent to the relative time delay between the signals. The property extends to multi carrier testing to an even greater extent. This behaviour is specific for the test signals. Traffic signals on different carriers can be expected to have approximately orthogonal data streams resulting in a more noise like addition, approaching AWGN statistics for multiple carrier signals. (Note that carriers in this discussion refers to signals from different transmitters rather than the sub-carriers in OFDMA and SC-FDMA signals respectively.)
· The UL reference measurement channels are not specified with payload data defined. 

Discussion

It appears feasible to add test model carriers in a way so that the signal statistics resemble real life signals, at least in terms of the power spectrum CCDF which is critical for repeater performance. Due to the different properties of UL and DL signals, and the different conditions for testing the different properties of the repeater, it is reasonable to separate the discussion for UL and DL, and for each parameter testing where the test signals are to be applied. 

UL maximum output power

The UE testing for this parameter remains to be completed, but it appears clear that the reference measurement channel shall comprise a single SC-FDMA carrier. This signal has probably significantly less PAR than the expected typical repeater input signal, which comprises several simultaneous RB allocations for different UEs over repeater the pass band.
While the properties of the added carriers of the UL measurement reference channel as described above are not statistical but deterministic and dependent on the mutual time correlation, the real life signal can be expected to have a power spectrum CCDF similar to AWGN.
It is possible to create a combination of two UL reference signals and a controlled delay between them such that the resulting signal resembles AWGN in terms of power spectrum CCDF as described below:

From TS36.101 [3], Annex A.2 we pick the reference channel for 16QAM with full RB allocation as described in Table A.2.2.1.2-1. (Coincides with TS36.141 [4], A.4 table A.4-1, channel refernce A4-3.) The payload data is not defined, but since we are about to use the UL test signal for the same test purpose as E-TM1.1 in the DL [4], we use the same content (all zeroes).
The resulting signal has the following power spectrum CCDF:
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Figure 1.
Power spectrum CCDF of a single UL 1.4MHz reference measurement channel for 16QAM with full RB allocation and all zeroes payload (yellow trace) and AWGN (blue trace).
Two of these signals are combined, shifted in frequency and time, in a controlled manner resulting in the following power spectrum CCDF:
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Figure 2.
Power spectrum CCDF of two combined UL 1.4MHz reference measurement channel for 16QAM with full RB allocation and all zeroes payload shifted 4 symbol durations in time and 1.6 MHz, 3.6 MHz, 8,6 MHz and 13.6 MHz in centre frequency (yellow and gray traces) and AWGN (blue trace).
It can be demonstrated that the frequency separation between the two 1.4 MHz reference measurement channels can be extended to 60 MHz (or more) with the same time difference and similar power spectrum CCDF as the examples above.
The use of two reference measurement signals of 1.4 MHz bandwidth generated on separate centre frequencies with equal power and combined with a specified time difference (a number of symbols) makes it possible to achieve real life resembling test signals using UL reference channels. The centre frequency difference of the signals can be arbitrary as long as the two carrier signals do not overlap. This makes it possible to create signals for all repeater bandwidths from 2.8 MHz and upwards. For smaller BW than 2.8 MHz, one carrier signals shall be used. This is reasonable as multi carrier E-UTRA signals cannot be present at this bandwidth, and thus that the input signal on such a repeater input port will resemble a single UE transmit signal.
DL maximum output power

The BS testing for this parameter uses test model E-TM1.1 for the respective band width of the BS. In the case of repeaters, the real life DL input signal is likely to resemble the output signal of a BS. This may represent one or more OFDMA signals. Multiple OFDMA signals with traffic can be expected to add like noise, making the power CCDF of a multi carrier DL signal look like the power CCDF of AWGN. 
In the case of E-TM1.1, while indeed having a power CCDF resembling AWGN itself, its two carrier combination CCDF will be depending on the time difference (number of symbols) in the same way as the UL signal. A two carrier combination with time difference can thus be made in the same way as in the UL (though the time difference will be different due to the different power CCDF in the DL and UL signals) in order to make a real life resembling test signal. However, since the single carrier test model E-TM1.1 already has a real life like CCDF, it may well be used for the same test purpose. 

In the case of using a single E-TM1.1 for testing of maximum output power, the widest signal that can be fitted inside the repeater pass band can be recommended.

In the case of the dual carrier test signal option, the time difference between the two carriers will have to be specified, whereas the frequency difference may be arbitrary (given that both complete signals are inside the repeater pass band) in the same way as for the UL testing..
Example using two 1.4 MHz E-TM1.1 arbitrarily spaced in the repeater passband:
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Figure 3.
Power spectrum CCDF of a single DL E-TM1.1  1.4MHz (yellow trace) and AWGN (blue trace).
Two of these signals are combined, shifted in frequency and time, in a controlled manner resulting in the following power spectrum CCDF:

[image: image4.png]100%

0%

00%

00001%

Gaussion

elerence.

008

D0





Figure 4.
Power spectrum CCDF of two combined DL 1.4MHz E-TM1.1 shifted 21 symbol durations in time and 1.6 MHz, 3.6 MHz, 8,6 MHz and 13.6 MHz in centre frequency (yellow and gray traces) and AWGN (blue trace).The CCDF for a single E-TM1.1 5MHz is added for reference (red trace)
It can be demonstrated that the frequency separation between the two 1.4 MHz reference measurement channels can be extended to 60 MHz (or more) with the same time difference and similar power spectrum CCDF as the examples above.
Unwanted emission

The testing of these propertied for the BS is made using E-TM1.1 as a single carrier for the transmitter testing. In addition, a receiver test applies. For the repeater, it can be claimed that there is transmission in both UL and DL, and thus transmitter testing is applied also in the UL. 

The testing of these properties in UTRA comprises two carrier testing already. This is likely to be the best method also for the E-UTRA repeaters. The aim of real life signal resemblance makes it reasonable to apply the two carrier options described in the maximum output power section above. Using 1.4 MHz test models here allows for maximum spectral density, making the test most sensitive to intermodulation generated unwanted emission, while the specified time difference between the two signals allows a maintained power CCDF for all wanted centre frequency combinations (assuming no signal overlap).

EVM

This test is different for UE and BS as described in TS36.521-1 [5] and TS36.141 [4] respectively.
The EVM performance is influenced by the power spectrum CCDF of the test stimulus to some extent, and due to this, a test method comprising two carriers (measuring one of them) is preferable in the UL. The question is whether the selectivity of the signal analyzer is sufficient to allow measurements with maintained accuracy The requirement to use UL signals for UL testing conflicts thus, as described above, with the aim of real life signal resemblance during testing. 
However, it should be noted that the EVM deterioration resulting from the higher PAR of the test stimulus is due to the same mechanisms as those creating stronger operating band unwanted emission with higher PAR (e.g. amplifier saturation). This aspect of the EVM can thus be considered implicitly tested with the unwanted emission tests (where dual carrier testing, with higher PAR, shall be applied).
For the UL, the EVM testing is recommended to be made with the same stimulus as for the maximum output power, with the analyzer testing only one of the carriers. If this cannot be achieved, testing with the widest signal of UL reference measurement channel type (TBD) that fits inside the repeater pass band is recommended.
For the DL, the EVM testing is recommended to be made with the widest E-TM1.1 carrier that fits inside the repeater pass band. 

Conclusions

· DL testing shall be made using DL signals.

· UL testing shall be made using UL signals.

· UL maximum output power testing shall be made using dual carriers at fixed time difference and arbitrary frequency difference.

· DL maximum output power testing may be made using dual carriers at fixed time difference and arbitrary frequency difference, or it may be made using a single carrier at the widest carrier BW supported by the DUT.

· Unwanted emission testing shall be made using dual carriers at fixed time difference and arbitrary frequency difference in both UL and DL. The time difference is different for different stimulus types.

· Single DL signals shall be used for DL EVM testing 
· Dual carriers with fixed time difference are preferred for UL EVM measurements if feasible. Otherwise, single UL signals shall be used for UL EVM testing.
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