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1 Introduction

In previous meeting RAN 4 discussed the possible modification of legacy tests in order to make sure that also for TM9 the UE does correct SNR estimation. Correct SNR estimation is not a special feature of behaviour B and even if the UE supports only behaviour A the UE can not assume collocation for the purpose of SNR estimation. A way forward was reached in the last meeting:

· Consider the tests in Section 8.3.1.2 for FDD (dual layer spatial multiplexing) and Section 8.3.2.3 for TDD (dual layer spatial multiplexing) and provide simulation results with the following modifications:
· Introduce a power imbalance (6-15dB, i.e. PDSCH is xdB higher than CRSs) between CRSs and DM-RS/PDSCH 
· Change the channel profile from EPA5 to ETU5.
· Analysis based on other test scenarios and test cases is not precluded
· TBD whether and how to capture this in the legacy tests.
The scope is to introduce an SNR imbalance between CRSs and DM-RS and verify that the performance does not change, i.e. the same requirement is still valid.

It can be noticed that there are two methodologies in order to introduce an SNR imbalance between DM-RSs and CRSs.

· Introduce a power imbalance between DM-RS and CRSs

· Introduce an imbalance in terms of noise+interference 

In the following we provide the simulation results when the noise+interference term is modified by introducing an interfering cell (which transmits only CRS colliding with the serving cell) which decreases the SNR on the CRS. The reason to choose this option in order to introduce an imbalance in the SNR is because it is highly probable that the noise  plus interference level will be different on CRSs compared to DM-RSs and it is important to make sure that the UE does correctly estimate also the noise plus interference term from DM-RSs rather than CRSs. The effect of an interfering cell can for example introduce a large SNR imbalance, i.e. much larger compared to the power imbalance between CRSs and DM-RS which can be due to e.g. beamforming.

2 Discussion and way forward
In order to make sure that the UE is capable of handling correct SNR estimation based on DM-RSs the tests in section 8.3.1.2 for FDD (dual layer spatial multiplexing) and Section 8.3.2.3 for TDD (dual layer spatial multiplexing) are modified as following.
· Introduce a secondary interfering cell whose CRSs collide with the wanted cell CRSs. This introduces an SNR imbalance which depends on the power level of the interfering cell relative to the wanted cell.
· Change the channel profile from EPA5 to ETU5.

Annex A is providing the set up.
2.1 Computation of the imbalance

The imbalance between CRS and DM-RS can be computed as follows:
Let’s 

PCRS, PDM-RS and N be the power of CRSs, DM-RS and the noise variance for the serving cell, PNC is the power level of the neighboring cell whose CRSs are colliding with the CRSs of the wanted cell. C is the fixed imbalance.
Hence the SNR of the NC can be computed as follows.
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Simulation results are provided by considering correct DM-RS based SNR estimation and wrong SNR estimation based on CRSs for several CdB=6-15dB.
Figure 1 shows preliminary results for FDD test in Section 8.3.1.2 with the above mentioned modifications, for several CdB. Figure 2 provides the results for the same conditions for the test in Section 8.3.2.3. In the Annex figures are provided for several PDP.
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Figure 1. ETU 5, Test in Section 8.3.1.2 of 36.101.
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Figure 2. ETU 5, Test in Section 8.3.2.3 of 36.101.
3 Conclusions

The following is proposed:

Proposal 1. Consider the tests in Section 8.3.1.2 for FDD (dual layer spatial multiplexing) and Section 8.3.2.3 for TDD (dual layer spatial multiplexing) and modify the tests as follows:
· Introduce a secondary interfering cell whose CRSs collide with the wanted cell CRSs. The SNR of the interfering cell depends on the wanted SNR imbalance between CRS and DM-RS (C=12dB is considered as sufficient). 
· Change the channel profile from EPA5 to ETU5.

Annex A.1 and A.2 provides proposals for the tests set up changes.
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5 Annex A

A.1
Dual-Layer Spatial Multiplexing
Table 8.3.1.2-1: Test Parameters for Testing CDM-multiplexed DM RS (dual layer) with multiple CSI-RS configurations
	parameter
	Unit
	Test 1

	
	
	Cell 1
	Cell 2

	Downlink power allocation
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	dB
	0
	NA
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	dB
	0 (Note 1)
	NA

	
	(
	dB
	-3
	NA

	Cell-specific reference signals
	
	Antenna ports 0 and 1
	Antenna ports 0 and 1

	Cell ID
	
	0
	126

	CSI reference signals
	
	Antenna ports 15,16
	NA

	Beamforming model
	
	Annex B.4.2
	NA

	CSI-RS periodicity and subframe offset          TCSI-RS / ∆CSI-RS 
	Subframes
	5 / 2
	NA

	CSI reference signal configuration
	
	8
	NA

	Zero-power CSI-RS configuration

ICSI-RS /       ZeroPowerCSI-RS bitmap 
	Subframes / bitmap
	3 /

0010000000000000
	NA
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	Reference Value in Table 8.3.1.2-2
	Reference Value in Table 8.3.1.2-2

	Symbols for unused PRBs
	
	OCNG (Note 2)
	NA

	Number of allocated resource blocks (Note 2)
	PRB
	50
	NA

	Simultaneous transmission
	
	No
	NA

	PDSCH transmission mode
	
	9
	NA

	Note 1:
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Note 2:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.


	Test number
	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
16QAM 1/2
	R.51 FDD
	OP.1 FDD
	ETU5
	2x2 Low
	70
	[TBD]
	2-8
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Figure 3. Results for several PDP for C=6dB
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Figure 4. Results for several PDP for C=10dB
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Figure 5. Results for several PDP for C=15dB

A.2
Dual-Layer Spatial Multiplexing (with multiple CSI-RS configurations), TDD
Table 8.3.2.3-1: Test Parameters for Testing CDM-multiplexed DM RS (dual layer) with multiple CSI-RS configurations
	parameter
	Unit
	Test 1

	
	
	Cell 1
	Cell 2

	Downlink power allocation
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	dB
	0
	NA
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	dB
	0 (Note 1)
	NA

	
	(
	dB
	-3
	NA

	Cell-specific reference signals
	
	Antenna ports 0 and 1
	Antenna ports 0 and 1

	Cell ID
	
	0
	126

	CSI reference signals
	
	Antenna ports 15,16
	NA

	Beamforming model
	
	Annex B.4.2
	NA

	CSI-RS periodicity and subframe offset          TCSI-RS / ∆CSI-RS 
	Subframes
	5 / 4
	NA

	CSI reference signal configuration
	
	8
	NA

	Zero-power CSI-RS configuration

ICSI-RS /       ZeroPowerCSI-RS bitmap 
	Subframes / bitmap
	4 /

0010000000000000
	NA
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	Reference Value in Table 8.3.2.3-2
	Reference Value in Table 8.3.2.3-2

	Symbols for unused PRBs
	
	OCNG (Note 2)
	NA

	Number of allocated resource blocks (Note 2)
	PRB
	50
	NA

	Simultaneous transmission
	
	No
	NA

	PDSCH transmission mode
	
	9
	NA

	Note 1:
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Note 2:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.


	Test number
	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
16QAM 1/2
	R.51 TDD
	OP.1 TDD
	ETU5
	2x2 Low
	70
	[TBD]
	2-8
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Figure 6. Results for several PDP for C=6dB
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Figure 7. Results for several PDP for C=10dB
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Figure 8. Results for several PDP for C=15dB
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