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1
Introduction
The introduction of carrier aggregation and enhanced downlink MIMO results in new UE categories with larger maximal data rates. The purpose of sustained downlink data rate tests is to verify that UE can correctly process the maximum number of DL-SCH transport block bits in a sustained manner. Therefore new sustained data rate tests are required to test new UE categories.
In sustained data rate tests with CA, the frequency error between two component carriers may cause UE demodulation degradation because the high order of modulation and coding rate makes UE demodulation performance more vulnerable to the frequency errors [1]. In this contribution, we focus on the issue of frequency error impact on the new sustained data rate tests and provide some suggestion on the test specification.
2
Frequency error impact on sustained data rate tests with carrier aggregation
In the past few meetings, the impact of frequency error between two CCs on CA DL demodulation tests have been extensively discussed. As adopted in the way forward [2], the frequency error between component carriers should be kept small in the test equipment. However a suitable tolerance for the maximum relative frequency error needs further study. Because the sustained date rate tests is more sensitive to the frequency error, it is important to identify the frequency error tolerance for the sustained data rate tests. The same tolerance can be applied to other CA DL demodulation tests as well because they are less sensitive to frequency errors.
As shown in [3], frequency error from 0.05 ppm to 0.25 ppm does not result in performance degradation if the UE receiver has common frequency offset compensation in place, as demonstrated in several considered simulation scenarios. In this contribution, we want to evaluate the effect of frequency error in the exact same scenario used by sustained data rate tests.
Existing sustained data rate tests include test cases covering UE categories 1 – 4 as shown in the following table. 
	Test
	UE Category
	Number of bits of a DL-SCH transport block received within a TTI
	Measurement channel
	Reference value

	
	
	
	
	TB success rate [%]

	1
	Category 1
	10296
	R31-1 FDD
	95

	2
	Category 2
	25456
	R31-2 FDD
	95

	3
	Category 3 (Note 1)
	51024
	R31-3 FDD
	95

	3A
	Category 3 (Note 2)
	36696 (Note 4)
	R31-3A FDD
	[85]

	4
	Category 4
	75376 (Note 5)
	R31-4 FDD
	85

	5
	Category 5
	FFS
	FFS
	FFS


For the new UE category 6 and 7, the maximum number of bits of a DL-SCH transport block received in a TTI is either 149776 or 75376. To reach the peak data rate (301504 DL-SCH transport block bits within a TTI) for the new UE categories with 2 CCs, the following test scenario can be considered:
	Antenna configuration
	2x2

	Transmission mode
	3

	Bandwidth
	2x20 MHz

	Number of layer
	2 per CC

	Number of bits of a DL-SCH transport block received within a TTI
	71112 for subframe 5

75376 for other subframes
(This is the same as R.31-4)

	Propagation channel
	Static propagation condition (36.101, B1)

	UE category
	6 or 7

	Reference value of TB success rate
	85%


Table 1

This is in line with what was proposed in [4], with minimum change from the existing sustained data rate tests (36.101, V10.1.1, 8.7).  
3
Simulation results of the sustained data rate test
To see the effect of frequency error, we simulate the above test case assuming a fixed frequency error. Other test parameters are the same as those define in 36.101 V10.1.1, 8.7.1. The first set of results assumes no frequency error correction in the baseband. Figure 1 shows that performance degradation can be seen with frequency error as low as 10 Hz. An error floor of 50% appears when the frequency error is 30 Hz or above.
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Figure 1

Normally UE Rx has baseband frequency error correction to compensate residual frequency errors from RF. Suppose that UE capable of carrier aggregation has separate frequency error correction for each CC. The frequency error due to non-ideal carrier frequency separate can be mitigated. Figure 2 shows that fixed frequency errors up to 200 Hz has little effect on the demodulation performance.
Note that the simulation uses fixed frequency errors. In reality the frequency error can vary over time. It is not a problem if the variation is slow because the frequency error correction can still track the variation. If the variation is fast or sudden (within a couple of subframes), even a small amount of error can cause significant degradation as shown in Figure 1. It is assumed that test equipment can maintain a stable frequency so it should not be a concern.
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Figure 2
Although baseband frequency error correction can remove the frequency error pretty effectively, some implementation may not allow this approach to work. For example, if two CCs are adjacent to each other, it is possible to use a single wideband RF receiver and one FFT to cover both CCs. In this case, even though there is a separate baseband frequency error estimation function for each CC, same phase derotation has to be applied to both CCs in time domain. Therefore the relative frequency error between the two CCs will already exist no matter how to compensate the frequency error in time.
4
Conclusions

Our study leads to the following proposals
Proposal 1: Considering different CA scenarios and UE implementations, it is important to maintain small frequency errors, less than 10Hz, between CCs.
Proposal 2: Adopt the test case parameters described in Table 1 for the new sustained data rate test.
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