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1
Introduction
A way forward on frequency difference error, proposal 2 of [2], was approved over the email approval after the RAN4#59AH meeting. The agreed proposal 2 is to study the impact of frequency difference error {0Hz, 30Hz, 60Hz, 100Hz} on throughput performance for the following FDD and TDD test cases (applicable for intra-band contiguous CA). Companies can optionally simulate with 200Hz and 380Hz being the worst case where 2 carriers are generated from independent frequency references.
FDD:

· 2x20 MHz 2TX test for TM3, UE cat 5-8, CA capability A-A,C
· Sustained data rate test for cat 6-7 UEs with a 2x20 MHz capability
TDD:

· 2x 20 MHz 4TX for TM4, UE cat 5-8, CA capability C
In this contribution, we provide our simulation results for the above FDD tests (plus one more TM1 test) for the agreed range of frequency difference error including the two optional ones. Based on the results shown in this contribution, we provide proposals on how to move forward in defining the performance requirements.
In addition, a revised set of FDD single-carrier results from [1] are including in Section 2.1 due to some misalignments found in the last meeting. Please note, numerical values for the presented curves are provided in the attached spreadsheet.
Lastly, some considerations and conclusion is drawn on the proposal of verifying CSI-RS rate matching for non-TM9 capable UEs in Section 2.3.
2
Discussion
2.1
Updated alignment single-carrier results for 20MHz FDD SIMO and TM3
SIMO: TM1 20MHz, EVA5 low correlation
	Test number
	Bandwidth
	Modulation and coding rate
	Reference Channel
	Propagation model
	Antenna configuration
	Verification point
	Req.SNR

	20
	20MHz
	QPSK 1/3
	R.42 FDD
	EVA5
	1x2 low
	70%
	-3.4 dB


MIMO: TM3 20MHz, EVA70 low correlation
	Test number
	Bandwidth
	Modulation and coding rate
	Reference Channel
	Propagation model
	Antenna configuration
	Verification point
	Req.SNR

	2
	20MHz
	16QAM 1/2
	R.30 FDD
	EVA70
	2x2 low
	70%
	10.7 dB


2.2
Frequency difference error impact study
For CA demodulation testing in FDD, seven test scenarios are agreed [5] and three of them are applicable for UEs with intra-band contiguous capability. In Figure 1 and 2, aggregated throughput performances (2 CCs combined) for different frequency difference errors are simulated for the TM1 and TM3 tests, respectively.
· 2x20MHz test for TM1, UE cat 5-8, CA capability A-A, C

· 2x20MHz test for TM3, UE cat 5-8, CA capability A-A, C

In Figure 3, TB success rate (2 CCs combined) for the sustained data rate test 6A (cat 6-7 UEs with 2x20MHz capability) is shown for the same range of frequency difference error {0, 30, 60, 100, 200, 380Hz}.
· Sustained data rate test 6A for cat 6-7 UEs with a 2x20MHz capability
Note that, the frequency difference error is modelled as a fixed value and time invariant over the duration of the simulation. Furthermore, frequency difference error of 200Hz and 380Hz are included in this study to account for carrier frequencies in the 2GHz and 3.5GHz band that are already defined in TS36.101.
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Figure 1: 2x20MHz SIMO throughput performance (2CCs combined) for range of frequency errors.
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Figure 2: 2x20MHz TM3 throughput performance (2CCs combined) for range of frequency errors.
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Figure 3: 2x20MHz TB success rate (2CCs combined) for range of frequency errors.
In Table 1 and 2, performance losses due to frequency difference error compared to 0Hz are summarised for the two CA demodulation tests and the sustained date rate test, respectively. As can be seen, performance losses seem to be quite minimal for the two demodulation tests with a maximum loss at around 0.2dB in 200Hz and 380Hz error for the TM3 test with 16QAM modulation.
Table 1: Performance losses for Rel-10 CA demodulation tests
	Performance loss @ 70% total throughput (2 CCs combined)

	 
	2x20MHz TM1 QPSK 1/2
	2x20MHz TM3 16QAM 1/2

	30 Hz
	No Loss
	No Loss

	60 Hz
	No Loss
	No Loss

	100 Hz
	No Loss
	No Loss

	200 Hz
	No Loss
	0.18 dB

	380 Hz
	0.05 dB
	0.22 dB


As for the sustained data rate test 6A, higher performance losses are observed with a degradation of up to 1.5dB SNR in 380Hz error @ 85% TB success rate. In this case, effective baseband SNR of 22dB is needed to obtain 85% TB success rate of 2 CCs combined. Although it is known that no external noise sources will be supplied during the sustained data rate testing, the concern of required level of more than 20dB as the effective SNR at baseband for 85% TB success rate still remain.
Table 2: Performance losses for sustained data rate test 6A
	Performance loss @ 85% TB success rate (2 CCs)

	 
	2x20MHz Sustained data rate for Cat 6-7 UEs

	30 Hz
	No Loss

	60 Hz
	0.35 dB

	100 Hz
	0.38 dB

	200 Hz
	0.48 dB

	380 Hz
	1.5 dB


Overall, the performance loss trend in these three tests is quite inline with the ones shown in [6] and [7]. It is suggested that the following proposals to be adopted as the way forward to resolve the frequency difference error concern in UE demodulation testing for CA.
Proposal 1: For CA demodulation tests (excluding the sustained data rate test 6A):
· If test equipments can be mandated to have low frequency difference error (≤ 100Hz), define all intra-band contiguous CA requirements using the building block approach, i.e. reuse the existing Rel-8/9 requirements wherever possible or simulate with zero frequency difference error. Inform RAN5 accordingly of this agreement and that future test tolerance study in RAN5 does not need to take into account of frequency difference error.
· If test equipments cannot be mandated to have low frequency difference error (≤ 100Hz), still use the building block approach and add an extra margin to account for frequency difference error of up to 380Hz. Alternatively, these values can be used as a part of RAN5 test tolerance.
	Modulation Scheme
	Additional Margin [dB]

	QPSK
	0

	16QAM
	0.2

	64QAM
	TBD


Proposal 2: For sustained date rate test 6A: 
· If test equipments can be mandated to have low frequency difference error (≤ 100Hz), the TB success rate could be reduced to 80%.
· If test equipments cannot be mandated to have low frequency difference error (≤ 100Hz), define its TB success rate requirement by re-simulating performance with 380Hz frequency difference error.
2.3
Verification of CSI-RS rate matching for non-TM9 capable UEs
In the RAN4#59AH meeting, it is proposed [3] to verify rate matching functionality of non-TM9 capable Rel-10 UEs in the presence of CSI-RS transmission. For Rel-10 specification, this functionality verification will be introduced in [4] under 2x2 TM9 demodulation performance testing. And it is clear that these TM9 demodulation tests are applicable and mandatory to all Rel-10 UEs. Corresponding tests and test procedures will be later defined in RAN5 once RAN4 has finalized the requirements. In another words, all Rel-10 UEs are mandatory to support TM9 transmission, at least for 2Tx. Hence the scenario of non-TM9 capable Rel-10 UEs in theory would not exist.
To this end, it would not be necessary to define this type of tests for non-TM9 capable Rel-10 UEs.
3
Conclusions

In this contribution, simulation study results on the impact of frequency difference error on CA demodulation and sustained data rate testing are provided. It is found that frequency difference errors have minimal impact on normal demodulation tests, but the sustained data rate test is shown to be quite sensitive to this type of error. Based on the results shown, we proposed the following way forward:
Proposal 1: For CA demodulation tests (excluding the sustained data rate test 6A):

· If test equipments can be mandated to have low frequency difference error (≤ 100Hz), define all intra-band contiguous CA requirements using the building block approach, i.e. reuse the existing Rel-8/9 requirements wherever possible or simulate with zero frequency difference error. Inform RAN5 accordingly of this agreement and that future test tolerance study in RAN5 does not need to take into account of frequency difference error.

· If test equipments cannot be mandated to have low frequency difference error (≤ 100Hz), still use the building block approach and add an extra margin to account for frequency difference error of up to 380Hz. Alternatively, these values can be used as a part of RAN5 test tolerance.

	Modulation Scheme
	Additional Margin [dB]

	QPSK
	0

	16QAM
	0.2

	64QAM
	TBD


Proposal 2: For sustained date rate test 6A: 

· If test equipments can be mandated to have low frequency difference error (≤ 100Hz), the TB success rate could be reduced to 80%.

· If test equipments cannot be mandated to have low frequency difference error (≤ 100Hz), define its TB success rate requirement by re-simulating performance with 380Hz frequency difference error.

On verification of CSI-RS rate matching for non-TM9 capable UEs, it is found not necessary to define such tests as all Rel-10 UEs are mandatory to support TM9, at least for 2Tx.
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