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1. Introduction

A discussion in [1] was presented to highlight the challenge in developing a test case for the 2UL intra-band CA relative power control tolerance requirements.  It was postulated that a test case cannot be practically realized with the current side condition tolerance of ±[2] dB due to uncertainty and tolerance in ability of the UE to follow TPC power steps and in the test equipment to accurately measure output power on each of the component carriers.  It was therefore proposed to increase the tolerance value to ±3 dB.  In this contribution, we provide a different perspective.
2. Discussion

The worst case budget for errors and uncertainty for setting the initial power (or power density) of two component carriers was illustrated in [1].  The uncertainty budget includes 

1. ±1 dB tolerance of the UE in responding to 1 dB TPC steps to align SCC power to PCC power, and 

2. ±1 dB uncertainty in the test equipment power measurement of each component carrier.

Thus, it was argued that the actual power of SCC relative to PCC is offset by 1 dB due to the UE TPC tolerance to small steps and that the measurement of power of the PCC and SCC are each in error by up to 1 dB due to test equipment uncertainty.  To illustrate by example, assume the following.

Actual PCC power  = PPCC = P
Actual SCC power = PSCC = P ± 1 (due to UE tolerance to small step size TPC)

Measured PCC power = PPCC ± 1 = P ± 1 (due to test equipment measurement uncertainty)

Measured SCC power = PSCC ± 1 = (P ± 1) ± 1 = P ± 2

So, then we have the measured power difference as

Measured difference = Measured PCC power - Measured SCC power = (P ± 1) - (P ± 2) = ± 3 dB
Note that for this illustration, the difference between power and power density are immaterial since the two are related to one another by a constant which does not have any uncertainty associated with it.  The claim, therefore, is that the initial tolerance between PCC and SCC can be no smaller than  ± 3 dB.
Core specifications and test system uncertainty

By convention, the core requirements specified in RAN4 do not take into account test system uncertainty.  It is explicitly stated in sub-clause 4.1 of TS36.101

The Minimum Requirements given in this specification make no allowance for measurement uncertainty.  The test 
specification TS 36.521-1 Annex F defines Test Tolerances.  These Test Tolerances are individually calculated for 
each test.  The Test Tolerances are used to relax the Minimum Requirements in this specification to create Test 
Requirements.

The test system uncertainty is discussed and decided in RAN5.  Furthermore, RAN5 decides whether to adjust the test requirement to take into account this test system uncertainty on a case-by-case basis.  The approach which has been followed is to increase the test limit by some proportion (for example, maximum output power test limit is relaxed by 0.7 dB in 36.521-1 compared to 36.101) of the test system uncertainty under the principle that a good UE should never be failed.  These types of discussions are out-of-scope of RAN4 discussion.  Taking into account test system uncertainty implies a tightening to UE core requirements.  In this case, it is not an actual Minimum Requirement that is subjected to tester uncertainty, but rather a side condition to the requirement.  Nonetheless, we believe the same principle holds true.  Expanding the side condition tolerance to ± 3 dB now requires that the UE must meet the requirement under a broader set of conditions than what was originally defined (but currently in square brackets) in RAN4.  We do not believe it is appropriate or correct to tighten core requirements defined in RAN4 for the purpose of accommodating test system uncertainty defined in RAN5.
Test system uncertainty on power measurement

It is highlighted in [1] that the test system uncertainty for power measurements on different frequencies is ± 1dB and that the uncertainty across frequency is uncorrelated.  This leads to a ± 2 dB measurement uncertainty on the measured difference in power between PCC and SCC since the variance of the sum of two uncorrelated random variables is the sum of their variances.  However, it may be worth considering whether in this case, the two power measurements are truly uncorrelated.  The two power measurements are indeed performed at different frequencies, but the frequencies are very close in the case of intra-band carrier aggregation.  For example, for two 10 MHz carriers, the separation in frequencies is approximately 10 MHz at a center frequency of perhaps 2 GHz.  Thus, the difference in frequency is quite small.  Furthermore, the power levels of the two are, by definition of the requirement, expected to be also close.  In the worst case of a 100 RB transmission adjacent to a 1 RB transmission with worst case 2 dB power density offset, the power difference between the two component carriers is 22 dB.  However, this difference can be limited in more practical cases since it is extremely unlikely to see a 100 RB transmission on the PCC with a 1 RB transmission on the SCC.  By judicious definition of test cases in RAN5, the power difference between component carriers should be within a few dB.  Thus, it may be beneficial to evaluate whether the two power measurements for this condition can be considered partially correlated in which case the overall measurement uncertainty would be reduced.  This is a discussion that should occur in RAN5.
3. Conclusion
In this contribution, we have evaluated the feasibility of devising a test case for the intra-band CA UL relative power tolerance requirement.  Our perspective is that the principles have already been well established and documented that test system uncertainty or test tolerance is not and should not be reflected in the core specifications.  Test tolerance should be treated in RAN5 by relaxing the core requirements to create the test case as necessary to account for test system uncertainty.  Furthermore, we also consider that the uncertainty in relative power measurement may be smaller than the uncertainty in the sum (or difference) of two entirely uncorrelated measurements.  These issues and their resolution should be further discussed in RAN5.  We recommend preserving the core specifications as they were originally defined and, in fact, removing the square brackets about the ± 2 dB side condition.
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