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1.
Introduction
Annex F.1 in TS 36.521-1 [1] contains the Maximum Test System Uncertainty values for transmitter, receiver and performance tests, but so far no Carrier Aggregation (CA) Test cases (identified by suffix A) have been covered. Referring to the Work Plan status, Carrier Aggregation for LTE in R5-120052 [2] we can see that many CA test cases in TS 36.521-1 [1] are far from complete, but it is possible at this stage to consider a strategy for defining the uncertainties.
In this Tdoc each category of test cases is considered, and a recommendation provided on how to specify the Maximum Test System Uncertainty values for the CA test cases.  
2. Discussion
2.1 Transmitter Test cases:

For Rel-10, the core requirements in 36.101 [3] generally cover intra-band contiguous CA, so two contiguous carriers are transmitted on the uplink by the UE. In many CA test cases, the measurement to be performed by the test equipment is the same as for single carrier, and the same uncertainties can apply. However, as the tests are quite varied, a more detailed analysis will be required as each test becomes fully defined. 

2.1.1 CA test cases where the measurement uncertainty expected to be same as for single carrier: 

· 6.2.2A UE Maximum Output Power for intra-band contiguous CA. Reasoning: although the test equipment has to add the power of two carriers, no new uncertainty is introduced by this process

· 6.2.3A Maximum Power Reduction (MPR) for CA. Reasoning: same as 6.2.2.A.
· 6.2.4A Additional Maximum Power Reduction (A-MPR) for intra-band contiguous CA. Reasoning: same as 6.2.2.A.
· 6.2.5A Configured UE transmitted Output Power for CA. Reasoning: probably same as 6.2.2.A., but needs more careful checking when full test case is available.
· 6.3.2A Minimum Output Power for CA. Reasoning: this is defined as the transmit power of the UE per component carrier, so the existing uncertainty applies for each carrier.
· 6.3.3A UE Transmit OFF power for CA. Reasoning: same as 6.2.3A.

· 6.3.4A ON/OFF time mask for CA. Reasoning: same as 6.2.3A.
· 6.3.5A.1 Power Control Absolute power tolerance for intra-band contiguous CA. Reasoning: same as 6.2.3A
· 6.3.5A.2 Power Control Relative power tolerance for intra-band contiguous CA. Reasoning: same as 6.2.3A
· 6.3.5A.3 Aggregate power control tolerance for intra-band contiguous CA. Reasoning: same as 6.2.3A
· 6.5.2A.1 Error Vector Magnitude (EVM) for CA. Reasoning: this is defined as the EVM per component carrier, so the existing uncertainty applies for each carrier.

· 6.6.1A Occupied bandwidth for intra band contiguous CA, using uncertainty currently applicable to 20MHz Channel BW. Reasoning: Already agreed for similar Base station measurement in TS 36.141 [4].
· 6.6.2.1A Spectrum Emission Mask for intra-band contiguous CA. Reasoning: the emission limits at various offsets from the aggregated channel bandwidth are similar to those applying to a single carrier with 20MHz channel bandwidth.

· 6.6.3.1A Transmitter Spurious emissions for CA. Reasoning: the emission limits at various offsets from the aggregated channel bandwidth refer back to the limits for a single carrier.
· 6.7A Transmit intermodulation for CA. Reasoning: the same unwanted emission limits apply as for a single carrier.
2.1.2 CA test cases where the measurement uncertainty expected to be different from single carrier: 

· 6.6.2.3A Adjacent Channel Leakage power Ratio for CA. Reasoning: the frequency span related uncertainty of a spectrum increases with larger frequency separation. The contributions to the uncertainty calculation therefore need to be reviewed, and it is likely that the overall measurement uncertainty will increase.
2.1.3 CA test cases where the measurement uncertainty may be different:
For some CA test cases it is too early to assess the uncertainties, because the test case is incomplete in TS 36.521-3, and it cannot easily be deduced from the core requirements in TS 36.101 [3] whether the measurement to be performed by the test equipment is similar enough to the single carrier case for the same uncertainties to apply. In Anritsu’s view the following test cases fall into this category, and careful review will be needed when the full test case is available.  
· 6.5.1A Frequency error for intra-band CA.

· 6.5.2A.3.1 In-band emissions for intra-band contiguous CA
2.1.4 Example entry for transmitter tests (where uncertainty same as for single carrier)

We therefore propose the following for TS 36.521-1, the example shown being for 6.2.2A
UE Maximum Output Power for intra-band contiguous CA:
Table F.1.2-1: Maximum Test System Uncertainty for transmitter tests

	Subclause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	6.2.2 UE Maximum Output Power
	±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz
	

	6.2.2A UE Maximum Output Power for intra-band contiguous CA
	Same as 6.2.2
	


2.2 Receiver Test cases:

For the receiver CA test cases, the UE core requirement in TS 36.101 [3] is expressed as “the throughput of each component carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels”. Similar wording is used for all the receiver CA test cases, although 7.7.1A for Spurious response needs clarification.
For the receiver tests there is one wanted signal on each component carrier (CC).

· The Reference sensitivity test is carried out at low signal level, with no downlink interfering signals

· The Maximum input level test is carried out at high signal level, with no downlink interfering signals

· All other tests (ACS, Blocking, Spurious response, Intermodulation) are carried out with some type of downlink interfering signal or signals

· None of the tests use AWGN

In general for LTE the approach taken for test cases with more than one carrier (for example, Inter-frequency RRM test cases in TS 36.521-3) has been to specify the uncertainties as if each carrier is an independent entity. We propose to use this approach for the wanted downlink CCs, and to specify that the wanted signal level uncertainty applies for each CC. The detailed reasoning is given in section 2.3 on performance test cases below.

The downlink interfering signals for the receiver CA test cases are identical to those used for single carrier, so the uncertainties are unchanged. Finally, we consider the calculation method for the overall uncertainty, which is generally a root-sum-square combination of wanted signal uncertainty and interfering signal uncertainties. The throughput of each component carrier is measured in the presence of the other, along with any interferers. As the CC not being measured is at the same level as the CC which is being measured, its level uncertainty is unlikely to cause any significant degradation to the throughput (by contrast, interferers are at a much higher level and their level uncertainty does have an effect). The same calculation method as for single carrier can therefore be used, and in the example shown below we state that the overall blocking uncertainty calculation includes the uncertainty for wanted level error only once. 
We therefore propose the following for TS 36.521-1, the example shown being for 7.6.1A
In-band blocking for CA:

F.1.3
Measurement of receiver
Table F.1.3-1: Maximum Test System Uncertainty for receiver tests

	Subclause
	Maximum Test System Uncertainty1
	Derivation of Test System Uncertainty

	<< Many rows skipped >>
	
	

	7.6.1 In-band blocking
	Blocking ±1.4 dB, f ≤ 3.0GHz

±1.8 dB, 3.0GHz < f ≤ 4.2GHz
Uplink power measurement ±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz
	Overall blockinguncertainty can have these contributions:

1. Wanted signal level error

2. Interferer signal level error

3. Interferer ACLR

4. Interferer broadband noise

Items 1 and 2 are assumed to be uncorrelated so can be root sum squared to provide the ratio error of the two signals. The Interferer ACLR or Broadband noise effect is systematic, and is added aritmetically.
Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2)] + ACLR effect  + Broadband noise effect.

In-band blocking, using modulated interferer:

f ≤ 3.0GHz

Wanted signal level ± 0.7dB

Interferer signal level:

± 0.7dB

3.0GHz < f ≤ 4.2GHz

Wanted signal level ± 1.0dB

Interferer signal level ± 1.0dB

f ≤ 4.2GHz

Interferer ACLR 0.4dB

Broadband noise not applicable

	7.6.1A In-band blocking for CA
	Same as 7.6.1, for each CC
	Same as 7.6.1
The wanted signal level uncertainty applies for each CC.
Overall blocking uncertainty calculation includes the uncertainty for wanted level error only once, as the uncertainty of other CCs is not expected to have any significant effect.  


2.3 Performance (demodulation) Test cases:

In general for LTE the approach taken for test cases with more than one carrier (for example, Inter-frequency RRM test cases in TS 36.521-3) has been to specify the uncertainties as if each carrier is an independent entity. There are two main reasons:

· On separate carrier frequencies, the VSWR mismatch errors (which usually contribute most to absolute uncertainty values) will in general be different for each carrier, and do not cancel out. There is therefore no reduction in uncertainty by linking the specification of both carriers.

· Separate uncertainty requirements for each carrier give the most implementation flexibility, both for the physical hardware and for the calibration method.

For these reasons we propose to specify the Maximum Test System Uncertainty per carrier, and to use the same values that already exist for single carrier. Following the same reasoning, the uncertainties for AWGN (flatness, peak to average ratio) apply per carrier. The same approach and values apply regardless of whether the component carriers are inter-band or intra-band, contiguous or non-contiguous, since different component carriers are by definition on different frequencies.   
We therefore propose the following example changes for TS 36.521-1, the example shown being for 8.2.1.1.1_A
FDD PDSCH Single Antenna Port Performance (CA):    
F.1.4
Measurement of performance requirements
Table F.1.4-1: Maximum Test System Uncertainty for Performance Requirements

	Subclause
	Maximum Test System Uncertainty1
	Derivation of Test System Uncertainty

	8.2.1.1.1 Multiple PRBs

 - Propagation Condition EVA5

 - Propagation Condition ETU70

 - Propagation Condition ETU300
	± 0.8 dB
	Overall system uncertainty for fading conditions comprises three quantities:

1. Signal-to-noise ratio uncertainty

2. Fading profile power uncertainty
3. Effect of AWGN flatness and signal flatness
Items 1, 2 and 3 are assumed to be uncorrelated so can be root sum squared:
AWGN flatness and signal flatness has x 0.25 effect on the required SNR, so use sensitivity factor of x 0.25 for the uncertainty contribution. 

Test System uncertainty = SQRT (Signal-to-noise ratio uncertainty 2 + Fading profile power uncertainty 2 + (0.25 x AWGN flatness and signal flatness) 2)

Signal-to-noise ratio uncertainty ±0.3 dB

Fading profile power uncertainty ±0.5 dB for single Tx

AWGN flatness and signal flatness ±2.0 dB

	8.2.1.1.1 Multiple PRBs

 - Propagation Condition HST
	± 0.6 dB
	Overall system uncertainty for HST condition comprises two quantities:

1. Signal-to-noise ratio uncertainty

2. Effect of AWGN flatness and signal flatness
Items 1 and 2 are assumed to be uncorrelated so can be root sum squared:
AWGN flatness and signal flatness has x 0.25 effect on the required SNR, so use sensitivity factor of x 0.25 for the uncertainty contribution. 

Test System uncertainty = SQRT (Signal-to-noise ratio uncertainty 2 + (0.25 x AWGN flatness and signal flatness) 2)

Signal-to-noise ratio uncertainty ±0.3 dB

AWGN flatness and signal flatness ±2.0 dB

	8.2.1.1.1 Single PRB

 - Propagation Condition ETU70
	± 0.8 dB
	Overall system uncertainty for fading condition comprises three quantities:

1. Average Signal-to-noise ratio uncertainty

2. Signal-to noise ratio variation for single PRB

3. Fading profile power uncertainty
Items 1, 2 and 3 are assumed to be uncorrelated so can be root sum squared:
Test System uncertainty = SQRT (Average signal-to-noise ratio uncertainty 2 + Signal-to-noise ratio variation2 + Fading profile power uncertainty 2)

Signal-to-noise ratio uncertainty ±0.3 dB

Signal-to-noise ratio variation ±0.5 dB

Fading profile power uncertainty ±0.5 dB for single Tx

	8.2.1.1.1_A  (CA)
 - Propagation Condition EVA5, 2 CC
	Same as 8.2.1.1.1 Multiple PRBs, for each CC
	Same as 8.2.1.1.1 Multiple PRBs
Calculation applies for each CC

	<< Many rows skipped >>
	
	

	In addition, the following Test System uncertainties and related constraints apply:

	AWGN Bandwidth
	≥ 1.08MHz, 2.7MHz, 4.5MHz, 9MHz, 13.5MHz, 18MHz;

NRB x 180kHz according to BWConfig 


	AWGN absolute power uncertainty, averaged over BWConfig
	±3 dB



	AWGN flatness and signal flatness, max deviation for any Resource Block, relative to average over BWConfig
	±2 dB

	AWGN peak to average ratio 
	≥10 dB @0.001%

	Signal-to noise ratio uncertainty, averaged over downlink transmission Bandwidth
	±0.3 dB

	Signal-to noise ratio variation for any resource block, relative to average over downlink transmission Bandwidth
	±0.5 dB

	Fading profile power uncertainty
	Test-specific

	Fading profile delay uncertainty, relative to frame timing
	±5 ns (excludes absolute errors related to baseband timing)

	Note 1:
Only the overall stimulus error is considered here. The effect of errors in the throughput measurements due to finite test duration is not considered.

Note 2:
The AWGN parameters apply to all test cases except 8.7.1 and 8.7.2. The fading parameters apply to test cases using fading
Note 3:
In CA test cases using multiple component carriers (CCs), the uncertainties and related constraints apply for each CC.


. 

3. Recommendations

· We propose that RAN5 determines the uncertainty values for Transmitter test cases as each one is defined.
· We propose that RAN5 follows the example for Receiver test case uncertainty values given in section 2.2 of this document.
· We propose that RAN5 follows the example for Performance test case uncertainty values given in section 2.3 of this document.
These are intended as general guidelines, and in all cases the details of the individual CA test cases should be considered as they are completed.
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