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1. Introduction
The assumption for antenna quasi co-location in legacy transmission modes (TM1-9) had been explicitly clarified in Rel-11 as below.
Section 7.1.10 in TS36.213 V11.3.0:
“A UE configured in transmission mode 1-9 for a serving cell may assume the antenna ports 0 – 3, 5, 7 – 22 of the serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.”
Thus UE cannot assume CRS, DM-RS, CSI-RS are quasi co-located with respect to average gain. In order to make sure that UE properly use DM-RS for SNR estimation it was proposed to modify the legacy tests in [1]. The way forward was agreed [2]. In this contribution, we provide our simulation results according to the agreed way forward.
2. Simulation results
The simulation assumptions are the same as those in Section 8.3.1.2 and 8.3.2.3 in TS36.101 except for propagation condition and introduction of a power imbalance between CRS and DM-RS/PDSCH. Both proper DM-RS based average gain estimation and improper CRS based average gain estimation are simulated. Figure 1-4 show the throughput performance for FDD and TDD under EPA5 and ETU5 respectively. Table 1 lists the required SNR at 70% of the maximum throughput and the difference between the required SNR for DM-RS based average gain estimation and the required SNR for CRS based average gain estimation. From the simulation results, the followings can be observed.

Observation 1: There is no performance degradation for DM-RS based average gain estimation under 15dB power imbalance for EPA5 while there is approximately 0.7dB performance degradation for ETU5. This would be because bad accuracy of delay spread estimation due to low CRS SNR has larger impact under ETU5 than EPA5.
Observation 2: The required SNR difference under ETU5 and 12dB power imbalance seems large enough to rule out improper CRS based average gain estimation.
Proposal 1: If RAN4 agree to modify legacy tests, ETU5 and 12dB power imbalance should be used.
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Figure 1  Simulation results for FDD under EPA5
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Figure 2  Simulation results for FDD under ETU5
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Figure 3  Simulation results for TDD under EPA5
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Figure 4  Simulation results for TDD under ETU5
Table 1  Required SNR at 70% of the maximum throughput and SNR difference
	Duplex

mode
	Propagation

condition
	Power

imbalance

[dB]
	Required SNR at 70% of the maximum throughput [dB]
	Difference

[dB]

	
	
	
	DM-RS based average gain estimation
	CRS based average gain estimation
	

	FDD
	EPA5
	0
	11.0
	11.0
	0.0

	
	
	6
	Note 1
	11.1
	0.0

	
	
	9
	Note 1
	11.5
	0.4

	
	
	12
	Note 1
	13.1
	2.0

	
	
	15
	11.1
	15.5
	4.4

	
	ETU5
	0
	12.3
	12.5
	0.2

	
	
	6
	12.3
	13.8
	1.5

	
	
	9
	12.4
	13.8
	1.4

	
	
	12
	12.7
	14.8
	2.1

	
	
	15
	13.0
	Note 2
	N/A

	TDD
	EPA5
	0
	12.0
	12.0
	0.0

	
	
	6
	Note 1
	12.1
	-0.1

	
	
	9
	Note 1
	12.4
	0.2

	
	
	12
	Note 1
	13.8
	1.6

	
	
	15
	12.2
	16.8
	4.6

	
	ETU5
	0
	13.1
	13.2
	0.1

	
	
	6
	13.1
	14.8
	1.7

	
	
	9
	13.2
	14.9
	1.7

	
	
	12
	13.5
	15.5
	2.1

	
	
	15
	13.9
	Note 2
	N/A


Note 1: Not simulated.
Note 2: The 70% of the maximum throughput cannot be reached in the simulated SNR range.

3. Conclusion

In this contribution, we provided our simulation results for SNR estimation in TM9. The observations and proposal are summarized blow.
Observation 1: There is no performance degradation for DM-RS based average gain estimation under 15dB power imbalance for EPA5 while there is approximately 0.7dB performance degradation for ETU5. This would be because bad accuracy of delay spread estimation due to low CRS SNR has larger impact under ETU5 than EPA5.

Observation 2: The required SNR difference under ETU5 and 12dB power imbalance seems large enough to rule out improper CRS based average gain estimation.
Proposal 1: If RAN4 agree to modify legacy tests, ETU5 and 12dB power imbalance should be used.
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