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1 Introduction

In R4-090574 [1] presented in RAN4#49bis in Athens, Greece, Repeater stimulus signals were introduced in TS36.143 [2], Annex D.  These signals are intended to be used for unwanted emission testing of repeaters and uplink maximum output power. This document discusses further specification of these signals needed to ensure relevant testing of unwanted emission. A method for this and related repeater stimulus signal requirements are suggested.
2 Background

In [1], the repeater stimulus signals were designed to achieve Gaussian peak to average power characteristics on signals generated in accordance with test model descriptions or uplink reference channel descriptions. This was also achieved through subsequent refinement of the stimulus signals in the following RAN4 meetings. However, the spectral properties of the stimulus signals were overlooked. As a result, stimulus signals generated as prescribed in the specification may contain strong unwanted emission components. This may result in perfectly good repeaters not passing the unwanted emission test due to unfortunate repeater stimulus signal characteristics. This is particularly noticeable for operating band unwanted emission testing in the repeater pass band, where the filtering of the repeater cannot be applied. (Note that stimulus signals with benign characteristics in this respect may also be created without violating the prescribed signal creation method.)
There is a clear need for specifying the spectral properties of the stimulus signal.
3 Discussion
The spectral properties of the signal may either be implicitly defined by mandating a certain processing (e.g. time windowing of the symbols and filtering of the composite signal or test model/reference channel) or they can be directly stated as a relative spectral density requirement. 
The former method has the advantage of specifying exactly the signal properties of the stimulus signal and hence making it identical for all testing. It has the disadvantage of requiring a fair bit of research in order to arrive at an agreeable optimum processing. 
The explicit statement will be the necessary input to the process of determining a specified signal processing for the repeater stimulus signal. Provided the signal processing methods applied do not affect the stimulus signal peak to average power characteristics, it may suffice to state an explicit spectral property requirement. Initial simulations indicate that this is the case.
When stating a spectral property requirement on a repeater stimulus signal, it must be taken into account that the unwanted emission testing of repeaters shall be made at maximum gain setting with a signal producing the nominal maximum output power of the repeater (in the respective link). The large gain variation between repeaters makes it impractical to require an absolute spectral purity in power levels of the stimulus signal that accounts for the highest gain. The maximum output power of repeaters tend to vary substantially less and hence, it is more reasonable to assume a maximum repeater output power, and define the repeater stimulus signal relative to this – with some margin for added repeater effects. Using this approach the spectral purity is defined in relative spectral density requirements. It is here proposed to use the maximum repeater output power of 20W in the following discussion. The repeater stimulus signal spectral density outside the occupied bandwidth of the test signal or reference channel is then compared to the spectral density inside the stimulus channel occupied bandwidth and a frequency offset dependent requirement on the relation between spectral densities is introduced.
The tables in TS36.106 [3], clauses 9.1.1.1 and 9.1.2.1 define the operating band unwanted emission requirements that must be fulfilled by a repeater with an applicable stimulus signal. The stimulus signal itself amplified with the repeater gain must not cause any unwanted emission above the levels referred in the tables. Hence the stimulus signal relative spectral density requirements will be decided by the lowest level for each frequency offset as defined by the tables. The table 1 below describes a limit that fulfils the above requirements while making the stimulus signal feasible to make:
The reference channels or test models constituting the repeater stimulus signal shall fulfil the spectral purity requirements defined by table D.X-1, where;
-
the reference spectral density shall be taken 200 kHz off the carrier centre frequency with an integration bandwidth of 100 kHz.

-
(f is the separation between the channel edge frequency and the nominal -3dB point of the measuring filter closest to the carrier frequency.

-
f_offset is the separation between the channel edge frequency and the centre of the measuring filter.

-
f_offsetmax is the offset to the frequency 10 MHz outside the downlink operating band.

-
(fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.
-
the minimum spectral density suppression is related to the reference spectral density.

Table 1: Repeater stimulus signal spectral purity requirements
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum relative spectral density suppression
	Measurement bandwidth 

	0 MHz ( (f < 1.4 MHz
	0.05 MHz ( f_offset < 1.45 MHz
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	100 kHz 

	1.4 MHz ( (f < 2.8 MHz
	1.45 MHz ( f_offset < 2.85 MHz
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	100 kHz 

	2.8 MHz ( (f ( (fmax
	2.85 MHz ( f_offset < f_offsetmax 
	60 dBc (Note1)
	100 kHz 


Note 1
If the unwanted emission test requires a stimulus signal level so low that the relative spectral density suppression is limited by the thermal noise, this requirement on the stimulus signal shall be relaxed accordingly.
From table 2 below it can be seen that the stimulus signal meeting the requirement in table 1 fulfils the requirements for the operating band unwanted emission when amplified to 40 dBm channel power. It can also be seen that the spectral purity requirements on a 20W 1.4 MHz BS is not much different from that of the suggested repeater stimulus signal. (Operating band unwanted emission requirements taken for BS ITU-R category B > 1 GHz in TS36.104 [4])
Table 2: Unwanted emission and spectral purity requirements v/s frequency offset from nominal band edge
	Frequency offset from nominal band edge (MHz)
	Lowest maximum unwanted emission levels from tables in [3] 9.1.1.1 and 9.1.2.1 per frequency offset.

(dBm/100kHz)
	Relative spectral density requirement as described in table 1 (dBc)
	Resulting maximum unwanted emission for a  reference channel amplified to 40 dBm (dBm/100kHz)
	Maximum operating band unwanted emission for a BS (dBm/100kHz)
	Spectral purity requirement for a 1.4 MHz BS with 43 dBm output power (dBc)

	0
	-7
	37
	-7,41393
	-1
	33,58607

	0,7
	-7,98
	40,5
	-10,9139
	-6
	38,58607

	1,4
	-11
	44
	-14,4139
	-11
	43,58607

	1,401
	-11
	44,00214
	-14,4161
	-11
	43,58607

	1,5
	-11
	44,21429
	-14,6282
	-11
	43,58607

	2,4
	-13,0714
	46,14286
	-16,5568
	-11
	43,58607

	2,5
	-13,4286
	46,35714
	-16,7711
	-11
	43,58607

	2,8
	-14,5
	47
	-17,4139
	-11
	43,58607

	2,801
	-25
	60
	-30,4139
	-25
	57,58607

	3
	-25
	60
	-30,4139
	-25
	57,58607

	3,001
	-25
	60
	-30,4139
	-25
	57,58607

	4,4
	-25
	60
	-30,4139
	-25
	57,58607

	4,401
	-25
	60
	-30,4139
	-25
	57,58607

	4,999
	-25
	60
	-30,4139
	-25
	57,58607

	5
	-25
	60
	-30,4139
	-25
	57,58607

	5,6
	-25
	60
	-30,4139
	-25
	57,58607

	5,601
	-25
	60
	-30,4139
	-25
	57,58607

	6
	-25
	60
	-30,4139
	-25
	57,58607

	6,001
	-25
	60
	-30,4139
	-25
	57,58607

	7,5
	-25
	60
	-30,4139
	-25
	57,58607

	8,8
	-25
	60
	-30,4139
	-25
	57,58607

	8,801
	-25
	60
	-30,4139
	-25
	57,58607

	9,998
	-25
	60
	-30,4139
	-25
	57,58607

	10,001
	-25
	60
	-30,4139
	-25
	57,58607

	15
	-25
	60
	-30,4139
	-25
	57,58607

	20
	-25
	60
	-30,4139
	-25
	57,58607


4 Impact on PAR characteristics

Initial simulations indicate that the above stimulus signal characteristics can be achieved with very little impact on the stimulus signal PAR characteristics. The two tested methods are time windowing and filtering. While aggressive windowing will tend to increase the PAR of the signal, the moderate windowing required to achieve the suggested signal properties shows negligible impact. The windowing shall be combined with filtering. The predictable characteristics of the reference signal and the E-TM, suggest that it is possible to apply non causal filters with considerable delay without affecting the wanted characteristics of the stimulus test signal. It is thus expected that the suggested spectral purity requirements can be fulfilled.
5 Conclusion

· The repeater stimulus signal needs to be defined with respect to spectral purity.
· A method using relative spectral density requirements on the test model and uplink reference channels constituting the repeater stimulus signal is proposed.
· A tabled requirement is suggested to be added to TS36.143, annex D.
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