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1. Introduction

At the last RAN4 meeting (RAN4#86 in Athens) a contribution with test procedure and test requirement for OTA transmit ON/OFF power was presented [1]. The intension with this contribution was to stimulate the discussion on how to draft the requirement text to be captured in TS 37.145-2, sub-clause 6.5. 
In this contribution some technical aspects related to OTA transmit ON/OFF power requirement is further discussed. At the end of the contribution, draft specification text is attached for information. 
2. Discussion

Benefitting from the characteristics of TDD, such as DL and UL on the same carrier frequency, E-UTRA TDD system can more easily accommodate new technologies such as beam forming and smart antennas and therefore achieve better spectrum efficiency. However, this benefit is achieved at the price of requiring strict burst timing and low OFF power to avoid interfering with other downlink or uplink slots. An illustration of the requirement is showed in Figure 2-1.
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Figure 2-1: Illustration of the relations of transmitter OFF power requirement
In eAAS WI the requirement boundary is moved to the OTA domain. Since the current conducted requirement in TS 37.145-1 is from a testing perspective rather complex in terms on required dynamic range together with a transient period in the range micro seconds, special care is required when an equivalent OTA requirement is developed. 

As a first step, it was decided that OTA Transmit ON/OFF power is categorized as a co-location requirement. This means that the background is based on base station-to-base station co-location scenario, as described in TR 37.843, sub-clause 5.1.2. Here, the measurement point is at the connectors of the Co-location Reference Antenna (CRA).
The background for the requirement is captured in TR 37.843, sub-clause 5.4. Currently the RF core specification TS 37.105 captures two different type of requirements for transmit ON/OFF power, the conducted requirement is specified in sub-clause 6.4 and the OTA requirement is specified in sub-clause 9.5.

Table 2-1: Minimum requirements for the transmitter transient period
	Transition
	Transient period length [us]

	OFF to ON
	17

	ON to OFF
	17


Table 2-2: Minimum requirement for transmitter OFF power level
	Requirement anchor point
	Transmitter OFF power level (dBm/MHz)

	TAB 
	-85 

	RIB at CRA
	-106 


The relevant information for a conformance test requirement can be summarized as:

· The transmitter transient period shall be shorter than specified in Table 2.1.

· The transmitter OFF power spectral density shall be less than the value specified in Table 2.2 + test tolerance.
· Transmitter OFF power is defined as the mean power spectral density measured over 70μs filtered with a square filter of bandwidth equal to the RF bandwidth centred on the central frequency of the RF bandwidth. 70μs average window centre is set from 35μs after end of one transmitter ON period + 17μs to 35μs before start of next transmitter ON period - 6.25μs.
· The transmitter transient period is the time period during which the transmitter is changing from the OFF period to the ON period or vice versa. The transmitter transient period is illustrated in Figure 2-1.
The purpose of the TDD transmit ON/OFF power test is to verify that the E-UTRA base station transmit OFF power and transient period fall within the limits of the minimum requirements. This test requires a spectrum analyser with the ability to measure very high ON power and extremely low OFF power simultaneously to get the whole power-time mask. If you compare the specified requirement levels with even the best dynamic range and noise floor available in a spectrum analyser, you will find that the measurement cannot be made by any existing spectrum analyser on the market today.

With the legacy conducted requirement (TS 36.104, TS 37.104 and TS 37.105) two factors make testing very challenging. Note that the RF core specification requires that the transmit ON/OFF power requirement is performed under the maximum transmit output power; i.e. TRPrated = 6 dBm or more. 
The first challenge arises from the fact that the dynamic range of the measurement receiver, typically a spectrum analyser is not sufficient to process the ON power and OFF power simultaneously, especially in the case of maximum output power. As an example, the maximum output power of an AAS base station is assumed to be 43 dBm/BW per TAB connector, where BW is the carrier band-width and the OFF power should be below –85 dBm/MHz, which requires that the spectrum analyser’s dynamic range be more than 121 dB.

The second challenge occurs because the noise floor of a spectrum analyser is very close to the OFF-power requirement if a high value external attenuator is used. The OFF-power requirement is –85 dBm/MHz, equivalent to –145 dBm/Hz. To prevent damage to the spectrum analyser, an external attenuator should be used between the tested base station antenna port and the RF input port of the spectrum analyser to attenuate the 43 dBm high power signal. Normally, the maximum allowed signal power without damage is specified as a 30 dBm CW signal, as the input power for the spectrum analyser. In the case of a E-UTRA signal with approximately 10 dB peak-to-average ratio, the external attenuator value should be at least 20 dB to attenuate the 43 dBm signal to the safe input power of the spectrum analyser input. With this attenuation, the OFF power of the signal under test at the RF input port of the spectrum analyser is attenuated to –165 dBm/Hz. 

The measured OFF power from a base station could be much lower than –85 dBm/MHz. However, the best noise floor that can be achieved from a state-of-the-art spectrum analyser is –165 dBm/Hz to –170 dBm/Hz, which is not enough margin to measure the attenuated OFF power level.

Therefore, a RF limiter is applied to reduce the peak power at the analyser input while maintaining the absolute level of the noise floor during OFF power periods. Based on the traditional test setup, an OTA test setup has been plotted in Figure 2-1. In addition to previous setup the OTA environment is added together with a combiner for the CRA.
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Figure 2-1: OTA Test setup
Since the requirement is defined slightly different, it is interesting to analyze required dynamic range for the OTA case. Assuming the coupling loss C of 30 dB, the measured power during the ON period, PON and the measure power during the OFF period, POFF can be calculated as: 

PON = TRPrated – C in dBm, where TRPrated is the total radiated power of 46 dBm/5MHz = 39 dBm/MHz.
POFF = Pem – C + 9 in dBm, where Pem is -85 dBm/MHz (Conducted level is used as baseline). 
The required dynamic range can be calculated as:

DR = PON – POFF = TRPrated – Pem – 9 = 39 + 85 – 9 = 115 dB 
In Table 2-3, the data for lowest level to be measured and required dynamic range is collected in Table 2-3.
Table 2-3: Comparison between TAB and RIB at CRA
	Requirement anchor point
	Transmitter ON power level (dBm/MHz)
	Transmitter OFF power level (dBm/MHz)
	Dynamic Range (dB)

	TAB 
	36
	-85 
	121

	RIB at CRA
	9
	-106 
	115


It can be concluded that the expected OTA level is 21 dB lower, while the required dynamic range is 6 dB smaller. Using the adjustable attenuator in Figure 2-1 before the measurement receiver, it seems reasonable to adjust the expected signal within the dynamic range of the measurement receiver. This must of cause be confirmed by test equipment manufacturers. 
3. Conclusion

In this contribution details on required noise floor and dynamic range of the measurement receiver have been presented. There are similarities to the traditional conducted setup but also differences. The signal to be measured is shifted 21 dB in absolute sense and the dynamic range window is 6 dB smaller. By using a different setting on the adjustable attenuator, it seems reasonable that similar test equipment as before can be used for OTA testing.  
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DRAFT:

6.5
OTA transmit ON/OFF power
6.5.1
General

OTA transmitter ON/OFF power requirements apply only to TDD operation of E-UTRA.

The OTA Transmit ON/OFF power requirements are co-location requirements and specified as the power sum of the supported polarization(s) at the co-location reference antenna conducted output(s).

6.5.2
Transmitter OFF power

6.5.2.1
Definition and applicability

OTA transmitter OFF power is defined as the mean power measured over 70 (s filtered with a square filter of bandwidth equal to the Base Station RF Bandwidth(s) centred on the central frequency of the Base Station RF Bandwidth(s) during the transmitter OFF period. 

For multi-band co-location reference antenna conducted output(s), the requirement is only applicable during the transmitter OFF period in all supported operating bands.
For single band co-location reference antenna conducted output(s), supporting transmission in multiple operating bands, the requirement is applicable per supported operating band.
6.5.2.2
Minimum requirement

There is no transmitter off power requirement for UTRA operation.

The minimum requirement for E-UTRA operation is defined in 3GPP TS 37.105 [1], subclause 9.5.2.4.

6.5.2.3
Test purpose

The purpose of this test is to verify the transmitter OFF power at the co-location reference antenna conducted output(s) is within the limits of the minimum requirements.
6.5.2.4
Method of test 

6.5.2.4.1
Initial conditions

Test environment:

-
normal; see 3GPP TS 37.145-1 [4], clause B.2.

RF channels to be tested for single carrier (SC):

-
[B], M and [T]; see subclause 4.12.1.

Base Station RF Bandwidth positions to be tested for multi-carrier (MC): 

-
MRFBW for single-band RIB, see subclause 4.12.1, BRFBW_T'RFBW and B'RFBW_TRFBW for multi-band RIB, see subclause 4.12.1.
In addition, for multi-band RIB:

-
For BRFBW_T'RFBW, transmitter OFF testing above the highest operating band may be omitted.

-
For B'RFBW_TRFBW, transmitter OFF testing below the lowest operating band may be omitted.

6.5.2.4.2
Procedure
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Figure 6.5.2.4.2-1: Measuring system set-up for OTA transmitter OFF power in 
SAC (Shielded Anechoic Chamber)
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Figure 6.5.2.4.2-2: Measuring system set-up for OTA transmitter OFF power in 
CATR (Compact Antenna Test Range)

1) Place AAS BS and co-location reference antenna as specified in sub-clause 4.15, at the distance d=0.1m. 

2) Place Range antenna in boresight direction (reference direction) at far-field distance, aligned in both polarizations with the AAS BS as depicted in Figures 6.5.2.4.2-1 (SAC) or 6.5.2.4.2-2 (CATR). 

3) The Range antenna shall be dual (or single) polarized with the same frequency range as the AAS BS for transmitter OFF power test case.

4) Connect Range antenna and co-location reference antenna to the measurement equipment as shown in Figures 6.5.2.4.2-1 (SAC) or 6.5.2.4.2-2 (CATR). 

5) OTA transmitter OFF power is measured at the co-location reference antenna RF output(s) (conducted side).
6) The measurement device (signal analyzer) characteristics shall be:
-  Detection mode: True RMS.

7) Set the AAS BS to transmit:
-
For AAS BS declared to be capable of single carrier operation only, set the AAS BS to transmit full beam power (rated beam EIRP), both polarizations, in boresight direction (reference direction), according to E-TM1.1 in subclause 4.12.2, at manufacturer's declared rated output power, Prated,t,TRP.

-
For a AAS BS declared to be capable of multi-carrier and/or CA operation, set the AAS BS to transmit full beam power (rated beam EIRP), both polarizations, in boresight direction (reference direction), according to E-TM1.1 on all carriers configured using the applicable test configuration and corresponding power setting specified in subclause 4.11.

-
Check that specified beam power (EIRP) is obtained at Range antenna RF output(s) (conducted side) for each polarization, depicted in Figures 6.5.2.4.2-1 (SAC) or 6.5.2.4.2-2 (CATR). Re-align if the specified beam power is not achieved.

8) Measure the mean power spectral density measured over 70μs filtered with a square filter of bandwidth equal to the RF bandwidth of the RIB centred on the central frequency of the RF bandwidth. 70μs average window centre is set from 35μs after end of one transmitter ON period + 17μs to 35μs before start of next transmitter ON period - 6.25μs. Note that the measured value does not exceed the test requirement in subclause 6.5.2.5.

In addition, for multi-band RIB, the following steps shall apply:

9) For multi-band RIB and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.

6.5.2.5
Test requirements

The measured mean power spectral density according to subclause 6.5.2.4 from all co-location reference antenna conducted output(s) shall be less than -106 dBm/MHz + Test Tolerance [TBD] for carrier frequency f ≤ 3.0 GHz.

The measured mean power spectral density according to subclause 6.5.2.4 from all co-location reference antenna conducted output(s) shall be less than -106 dBm/MHz + Test Tolerance [TBD] for carrier frequency 3.0 GHz < f ≤ 4.2 GHz.
For multi-band RIB, the requirement is only applicable during the transmitter OFF period in all supported operating bands.
NOTE:
If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test is defined in subclause 4.1.2 and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in annex C.
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