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1.
Introduction
Annex F.1.2 in TS 36.521-1 [1] contains the Maximum Test System Uncertainty values for Transmitter tests. However there has been some debate about how the uncertainty figures are determined for UL-MIMO and for multiple Component Carriers (CA).
The uncertainties affect the Test Tolerance values and hence the Test Requirements, but some thought needs to be given to how the Test Tolerances relate to the uncertainties when there is more than one Component Carrier (for CA) or more than one transmit antenna (for UL-MIMO, and possibly for CA).
Following informal offline discussions, Anritsu would like to share and explain the issues identified so far, make proposals to address them, and agree a consistent way forward acceptable to RAN5.  

2. Discussion for Uplink MIMO
2.1  Description of scenario  

Taking first uplink MIMO, consider the UE transmitting signal on each of its antennas, Antenna A and Antenna B. The Core requirement for UE maximum output power in TS 36.101 [2] states:
6.2.2B
UE maximum output power for UL-MIMO

For UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the maximum output power for any transmission bandwidth within the channel bandwidth is specified in Table 6.2.2B-1. The requirements shall be met with the UL-MIMO configurations specified in Table 6.2.2B-2. For UE supporting UL-MIMO, the maximum output power is measured as the sum of the maximum output power at each UE antenna connector. The period of measurement shall be at least one sub frame (1ms).
In general the powers may not be identical, so consider a case where the actual uplink powers are 100mW on Antenna A, and 65mW on Antenna B. As shown in turquoise highlight above, the Core requirement for UE maximum output power is expressed as the sum of the maximum output power at each UE antenna connector. This means the sum of linear powers in W. The pie chart below shows the scenario.
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· Antenna A contributes 100mW/165mW = 61% of the total power

· Antenna B contributes 65mW/165mW = 39% of the total power
2.2  Measurement  

Since the Antennas are separate, the test system must make a physically separate measurement at each UE antenna connector (if the antenna signals were combined at RF by the test equipment, the result would be sensitive to the relative phase of the two signals, which would be contrary to RAN4’s intention when specifying the sum of the maximum output power at each UE antenna connector).

The test system must arithmetically add the powers to obtain the total uplink power.

2.3  Uncertainties  

Each measurement has its own uncertainty. The uncertainty is expected to be the same as when measuring a single antenna. For frequencies up to 3GHz, this is +/-0.7dB in TS 36.521-1 [1] Table F.1.2-1.
However, as the power at each antenna contributes only a percentage of the overall power, the effect of the uncertainty should be scaled by a sensitivity factor of 61% or 39%, similar to some RRM Test Tolerances.

If the two power measurements are uncorrelated the correct calculation of uncertainty would be:

a) Uncertainty in total power = SQRT((0.7dB x 61%)2 + (0.7dB x 39%)2) = 0.51dB 

If the two power measurements are correlated the correct calculation of uncertainty would be:

b) Uncertainty in total power = (0.7dB x 61%) + (0.7dB x 39%) = 0.70dB 

The scenario in a) for uncorrelated gives a lower uncertainty, because statistically one measurement could read high, the other low.
However Anritsu’s understanding is that because for MIMO both signals are at the same frequency, and are likely to have the same mismatch (VSWR) error between the UE and the Test system, it is highly likely that the measurement uncertainties are correlated. We therefore believe that the correlated case in b) is appropriate, and is “safe” from a RAN5 viewpoint, because even if the measurements were uncorrelated the actual uncertainty would be lower than the estimate.
The calculation in a) is unsafe from a RAN5 viewpoint, because if the measurements were correlated the actual uncertainty could be higher than the estimate, resulting in a false pass verdict.
By inspection, the formula in b) also gives 0.7dB for any other % split of power. 
2.4  Worked example for illustration
> In the scenario given, the total actual power would be (100mW + 65mW) = 165mW/ 22.2dBm.

> If the test equipment happens to measure 0.7dB too high on each UE antenna connector, it will measure:

 - Antenna connector A as 117.5mW/+20.7dBm

 - Antenna connector B as 76.4mW/+18.8dBm

 - Total measured power would be (117.5mW + 76.4mW) = 193.9mW/ 22.9dBm, which is 0.7dB high

So we can see that for linear addition of powers in W, a +/-0.7dB uncertainty when measuring each power gives +/-0.7dB uncertainty when measuring total power.

2.5  How to specify the uncertainty in TS 36.521-1  

As mentioned in 2.2, the test system must make a physically separate measurement at each UE antenna connector. We therefore propose the change below, which controls the overall uncertainty to the same value.    
F.1.2
Measurement of transmitter

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.1 UE Maximum Output Power for CA (intra-band contiguous DL CA and UL CA)
	Same as 6.2.2 for each CC
	

	6.2.2B
UE Maximum Output Power for UL-MIMO
	Same as 6.2.2, at each antenna connector used for transmission
	The overall UL power is the linear sum of the output powers over all Tx antenna connectors.


3. Discussion for Intra-band Contiguous Carrier Aggregation
3.1  Description of scenario  

Taking first Intra-band Contiguous Carrier Aggregation, consider the UE transmitting two component carriers, a primary CC and a secondary CC. The Core requirement for UE maximum output power in TS 36.101 [2] states:

6.2.2A
UE maximum output power for CA

The following UE Power Classes define the maximum output power for any transmission bandwidth within the aggregated channel bandwidth. 

The maximum output power is measured as the sum of the maximum output power at each UE antenna connector. The period of measurement shall be at least one sub frame (1ms).
It is left for UE implementation whether the primary CC and the secondary CC are transmitted on the same or on different UE antennas, but this does not materially affect the reasoning for uncertainties.  

In general the powers may not be identical, so consider a case where the actual uplink powers are 100mW for the primary CC, and 65mW for the secondary CC. As shown in turquoise highlight above, the Core requirement for UE maximum output power is expressed as the sum of the maximum output power at each UE antenna connector (regardless of how the CCs are mapped to the antennas). This means the sum of linear powers in W. The pie chart below shows the scenario.
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· The Primary CC contributes 100mW/165mW = 61% of the total power

· The Secondary CC contributes 65mW/165mW = 39% of the total power
3.2  Measurement  

At present the uncertainty is specified “for each CC”, with the same value as when measuring a single carrier, as shown in this extract from TS 36.521-1 [1]:

F.1.2
Measurement of transmitter

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.1 UE Maximum Output Power for CA (intra-band contiguous DL CA and UL CA)
	Same as 6.2.2 for each CC
	


The test system can make a separate measurement of each CC, or it would also be allowable for the test system to make a single measurement encompassing both CCs. Since the two CCs are by definition on different frequencies, the relative phase does not matter. There are a variety of measurement methods that could be used to satisfy RAN4’s intention, which specifies the sum of the maximum output power at each UE antenna connector.

Because of differing UE implementations as covered in the TS 36.508 [4] Annex A connection diagrams, it is Anritsu’s view that the wording in TS 36.101 should be clarified as “The maximum output power is measured as the sum of the maximum output powers over all component carriers and all UE antenna connectors used for transmission“, and R4-130128 [3] was submitted at RAN4#66. The formal CR was not agreed, although many companies supported the wording, and all agreed that this was what RAN5 should measure.

3.3  Uncertainties  

If the test system makes a single measurement encompassing both CCs, and assuming this can be done with the same accuracy as measuring a single carrier (+/-0.7dB, f ≤ 3.0GHz), then the overall uncertainty is clearly +/-0.7dB for frequencies up to 3GHz.

If the test system makes a separate measurement of each CC, each measurement has its own uncertainty, and the uncertainty for each CC is already specified to be the same as when measuring a single carrier. For frequencies up to 3GHz, this is +/-0.7dB as shown in the extract from TS 36.521-1 [1] Table F.1.2-1 above.
However, as the power on each CC contributes only a percentage of the overall power, the effect of the uncertainty should be scaled by a sensitivity factor of 61% or 39%, similar to some RRM Test Tolerances. The reasoning is then similar to UL-MIMO: 
If the power measurements of each CC are uncorrelated the correct calculation of uncertainty would be:

a) Uncertainty in total power = SQRT((0.7dB x 61%)2 + (0.7dB x 39%)2) = 0.51dB 

If the power measurements of each CC are correlated the correct calculation of uncertainty would be:

b) Uncertainty in total power = (0.7dB x 61%) + (0.7dB x 39%) = 0.70dB 

As for UL-MIMO, the scenario in a) for uncorrelated gives a lower uncertainty, because statistically one measurement could read high, the other low.
Because the frequencies are very close in intra-band contiguous CA, there could be very high correlation between the two measurements (for example the same mismatch error between the UE and the Test system, especially if both CCs are on the same antenna connector). It is therefore highly likely that the measurement uncertainties are correlated. We therefore believe that the correlated case in b) is appropriate, and is “safe” from a RAN5 viewpoint, because even if the measurements were uncorrelated the actual uncertainty would be lower than the estimate.
The calculation in a) is unsafe from a RAN5 viewpoint, because if the measurements were correlated the actual uncertainty could be higher than the estimate, resulting in a false pass verdict.

By inspection, the formula in b) also gives 0.7dB for any other % split of power. 

3.4  Mapping of CCs to antennas  

It is useful to re-check for different UE implementations:
If the UE uses one antenna to transmit both CCs, the two CCs appear on the same antenna, and the only difference that can affect the measurement uncertainty is the different frequency giving a different VSWR mismatch. But as discussed above, we cannot assume uncorrelated, so we take the correlated case which gives uncertainty in overall power = 0.70dB.
If the UE uses two antennas, one to transmit each CC, the two CCs appear on different antennas. The differences that can affect the measurement uncertainty are the different frequency giving a different VSWR mismatch, and different VSWR mismatches in the antenna connectors themselves. However it is quite possible that both these mismatches could be the same for each CC on each antenna connector, so we take the correlated case which gives uncertainty in overall power = 0.70dB.

In summary, Anritsu believe that the overall uncertainty should be +/-0.7dB, f ≤ 3.0GHz regardless of how the CCs are mapped to the antennas.
3.5  How to specify the uncertainty in TS 36.521-1  

As mentioned in 3.2 earlier, the test system can make a separate measurement of each CC, or it could make a single measurement encompassing both CCs. We therefore propose the change below, which allows flexibility of Test system measurement method whilst still controlling the overall uncertainty to the same value.    
F.1.2
Measurement of transmitter

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.1 UE Maximum Output Power for CA (intra-band contiguous DL CA and UL CA)
	Same as 6.2.2
Uncertainty applies for each CC or group of CCs, at the antenna connector used for transmission
	The overall UL power is the linear sum of the output powers over all component carriers and all Tx antenna connectors.


This then allows for:

· TS 36.508 [4] Figure A.32a or A.32c, test system makes separate measurements for each CC on separate antennas

· TS 36.508 [4] Figure A.32b, both CCs appear on one antenna, test system may measure the power of each CC separately or may measure the combined power of both.

4. Discussion for Inter-band Carrier Aggregation
4.1  Description of scenario  

For Inter-band Carrier Aggregation, consider the UE transmitting two component carriers, a primary CC and a secondary CC. The Core requirement for UE maximum output power in TS 36.101 [2] states:

6.2.2A
UE maximum output power for CA

The following UE Power Classes define the maximum output power for any transmission bandwidth within the aggregated channel bandwidth. 

The maximum output power is measured as the sum of the maximum output power at each UE antenna connector. The period of measurement shall be at least one sub frame (1ms).

For inter-band carrier aggregation with uplink assigned to one E-UTRA band the requirements in subclause 6.2.2 apply.
If we refer to subclause 6.2.2 for UE maximum output power in TS 36.101 [2], the figures are similar but there are various notes in Table 6.2.2-1 to handle exceptions for certain band combinations. From a measurement point of view, it does not make any difference; we simply note that the primary CC and the secondary CC are transmitted in different bands, and are more widely separated in frequency. When deriving requirements, RAN4 assumed that the primary CC and the secondary CC were transmitted on different UE antennas, but this is not mandatory.  

4.2  Measurement  

As with intra-band contiguous CA, the test system can make a separate measurement of each CC, or it would also be allowable for the test system to make a single measurement encompassing both CCs. The second case seems less likely, but nonetheless there are a variety of measurement methods that could be used to satisfy RAN4’s intention, which specifies the sum of the maximum output power at each UE antenna connector.

4.3  Uncertainties  

If the test system were to make a single measurement encompassing both CCs, and assuming this could be done with the same accuracy as measuring a single carrier (+/-0.7dB, f ≤ 3.0GHz), then the overall uncertainty would clearly be +/-0.7dB for frequencies up to 3GHz.

If the test system makes a separate measurement of each CC, each measurement has its own uncertainty, and the uncertainty for each CC is already specified to be the same as when measuring a single carrier. For frequencies up to 3GHz, this is +/-0.7dB as shown in the extract from TS 36.521-1 [1] Table F.1.2-1.
As with intra-band contiguous CA, as the power on each CC contributes only a percentage of the overall power, the effect of the uncertainty should be scaled by a sensitivity factor. If we take the unequal power scenario as before, with primary CC and secondary CC contributing 61% and 39% respectively, the reasoning is then similar to intra-band contiguous CA: 
If the power measurements of each CC are uncorrelated the correct calculation of uncertainty would be:

a) Uncertainty in total power = SQRT((0.7dB x 61%)2 + (0.7dB x 39%)2) = 0.51dB 

If the power measurements of each CC are correlated the correct calculation of uncertainty would be:

b) Uncertainty in total power = (0.7dB x 61%) + (0.7dB x 39%) = 0.70dB 

As for UL-MIMO, the scenario in a) for uncorrelated gives a lower uncertainty, because statistically one measurement could read high, the other low. We should note also that for a), the uncertainty in total power is a function of the power split, for example for equal powers on primary and secondary CC we would get uncertainty in total power = SQRT((0.7dB x 50%)2 + (0.7dB x 50%)2) = 0.49dB. 
In the inter-band case, the frequencies are not necessarily close, although they might be for some band combinations. The decision about correlation is much less clear. At different frequencies the mismatch error between the UE and the Test system is less likely to be correlated, although other error sources such as traceability to National standards may be the same direction for all measurements made by the test system.

To make a way forward, Anritsu proposes that for the inter-band case, RAN5 bases the power uncertainties on the correlated case. This would have the following advantages:

· A consistent figure is used for intra-band contiguous CA and for inter-band CA (and, could be used in future for intra-band non-contiguous CA)
· The uncertainty value is not dependent on the relative powers of primary and secondary CC
· All relevant connection diagrams are covered
· It is “safe” from a RAN5 viewpoint, because even if the measurements were uncorrelated the actual uncertainty would be lower than the estimate.

In terms of outcome, the difference from the uncorrelated measurements case is fairly small, and the extra work in RAN5 which would result from considering all aspects of the uncorrelated measurements case does not seem justified. We therefore believe that using an overall uncertainty of +/-0.7dB, f ≤ 3.0GHz is a reasonable and pragmatic way forward.  

5. Test Tolerances
The actual test metric is a single figure for the summed output power, regardless of the measurement method used to arrive at the test result. The Test Tolerance is therefore a number in dB used to determine the widening of the core requirements to form Test Requirements. It is independent of both UE implementation and test system implementation. It is not dependent on the measurement method, number of UE antennas, number of component carriers nor on their deployment.

6. Recommendations

1) The changes shown in sections 2.5 and 3.5 are made to TS 36.521-1
2) For Inter-band Carrier Aggregation, RAN5 specifies the same uncertainty values as for Intra-band Contiguous Carrier Aggregation
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