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1. Introduction

In response to the RAN5 LS on relative power control tolerance and exceptions [1], RAN4 conveyed through LS (R5-100051) that the current RAN5 test pattern may not be suitable when taking into consideration RF power amplifier mode changes and their associated exceptions in the test requirement. 
The LS proposes an alternate test pattern that monotonically increases and decreases over the required dynamic range. This paper discusses certain aspects that must be considered while implementing such a test pattern for the relative power tolerance test case. 

2. Discussion
In the RAN4 proposed test pattern, the power level is swept from minimum power to maximum power using a combination of small power steps and large power steps. TPC commands can be used to achieve the smaller power steps. For the larger power steps, depending on the channel bandwidth and the RB allocation change, the power step that can be achieved can range from a maximum of 7.78 dB for 1.4 MHz transmission channel bandwidth to 20 dB for 20 MHz channel bandwidth. 

In order to test the larger step sizes, it is important that the larger power step due to RB allocation change is not positioned around the power amplifier switch points. Otherwise, there might be instances where (for a bad UE) the actual power step wasn’t within the tolerance limit specified, but since it coincided with the PA switch point exception, the test might be declared PASS for the UE. This will defeat the whole purpose of testing larger power step changes.
To further elaborate this point, please refer to the below illustration.


[image: image1]
For this example, lets assume a transmission channel bandwidth of 1.4 MHz. Lets assume, we start off from the lower range of the UE power level (~ -40 dBm) in figure 1a. We now introduce a power step size of 7.78 dB by changing the RB allocation from 1 to 6. Let’s say hypothetically one of the RF amplifier switch point coincides with the large power step. The tolerance limit for an expected power step size of 7.78 dB is 4 dB (as per table 6.3.5.2.3-1 of [4]. But the exception caused due to PA switch point allows a tolerance limit of 6 dB. 
As we can see in this case, if the actual power level change turns out to be within tolerance limit of 4 dB and 6 dB, we would not be able to determine if measured power step was due to a bad UE or because of the presence of PA switch point. 
In order to avoid such a situation, the placement of the large power step change must be such that they are positioned away from the PA switch point as illustrated in figure 1b. 

In our opinion there are couple of ways this can be resolved.

1. Request the PA chip manufacturer to provide the power levels of the RF power amplifier switch points. Once that is known it is quite straightforward to position the large power step change away from these mode change power levels.

2. Use an iterative process to determine the placement of the large power step. One possible way to implement this would be as follows:

For any transmission channel bandwidth, start from lower end of the dynamic power range.

A:      Introduce a large power step by changing the RB allocation to max possible.
          Increment count by 1.

           If  the measured power step is within the tolerance limit defined by the minimum requirements table 6.3.5.2.3-1 of [4], 
B:        Exit the loop and Continue with the test case covering the rest of the required dynamic range using small power step sizes initiated by TPC commands.

            Else, If the measured power step > 6 dB
Goto C: 
Else,  If we encounter an “exception”, 
Increment the number of Exceptions counter by 1. 
If  count < 2 || Exceptions counter <= 2 
Goto D:
Else 
C:        FAIL the UE and exit the loop.
D:        Change the RB allocation from Max to 1
Using +1 TPC commands, raise the power level by a value equal to max possible power step for that transmission channel bandwidth (taking into account measurement uncertainty).
Goto A:

We feel that option (1) is not practically feasible as the switch point placement may not be the same across all the PA chip manufacturer/UE design/UE software. 

For option (2), within a maximum of 3 iterations, it is possible to determine if a genuine exception has occurred due to a PA switch point or the UE is bad. Also this iterative process is needed ONLY in cases where the desired power step using RB allocation change is < 15 dB. For any step change > 15 dB, the tolerance limit defined in the minimum requirements table is the same as the tolerance limit when an exception occurs due to a PA switch point.
3.  Conclusion

We propose option (2) to be used while implementing the test pattern for the relative power tolerance test case.
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