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1 Introduction
In this contribution we consider the multi-antenna Rel-9 test cases proposed for 10 MHz channel bandwidth in [1]. Following discussions captured in [2] it was agreed to identify possible overlaps with the existing test cases. 
In general, the demodulation test cases should 

· focus on user scenarios that are essential for system performance and relevant under live operation; 
· contain some corner cases to ensure sufficiently high performance;
· verify correct implementation of a feature;
· be aligned for FDD and TDD as much as possible.
The number of tests should be minimised for most will be used in conformance tests of all UE(s), and the union of the test cases should fulfil the items above. 
Turning to the proposal in [1] that addresses Band 13, we note that the test cases should be agnostic to operating bands, even though some propagation conditions are more relevant in some bands (e.g. low correlation for higher frequencies, but large devices may still justify tests at lower frequencies). Nevertheless, test coverage for 10 MHz channel is indeed relevant since this bandwidth is specified for all bands. Furthermore, testing of 64QAM 3/4 for Category 3 devices is not covered.
We begin by commenting the additional test cases and then provide simulation results and a proposal for modified Rel-9 test coverage.
2 PDSCH
2.1 4 TX transmit diversity

It appears relevant to add a test case for 10 MHz test case for 4 x 2, the existing test cases covers Category 1. From a deployment standpoint, the new test case would be more complementary to the existing 16QAM 2 x 2 medium and cover cell-edge conditions if the MCS is changed to QPSK 1/3 and the channel changed to ETU70 with 4 x 2 low correlation. Furthermore, the ETU70 channel condition would be the same as that used for the PDCCH/PCFICH and PHICH test for 1 x 2 low: we then get an indication or bound of the associated control channel performance at similar cell-edge conditions (4 x 2 would not be worse). 
Table 1 (Table 8.2.1.2.2-2): Minimum performance Transmit Diversity (FRC)

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

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	1.4 MHz QPSK 1/3
	[R.12 FDD]
	EPA5
	4x2 Medium
	70
	0.2
	1-5

	2
	10MHz

16QAM 1/2
	[R.14 FDD]
	EVA70
	4x2 Low
	70
	TBD
	2-5


From a functionality standpoint, 2 and 4 TX antennas would now be tested for the 10 MHz channel. The proposed changes:
· for Test 2: use QPSK 1/3 and ETU70 channel 

2.2 2 TX Closed-Loop Spatial Multiplexing
The addition of the 64QAM 3/4 for 2 TX antennas is useful as a “stress test”. In order to reduce the number of tests, Test 1 could be removed since Test 2 is carried out with a more dispersive channel and at higher Doppler (ETU70). Admittedly, the 5 Hz case could be relevant for demonstrating precoding gains, but these are negligible for dual stream and 2 TX antennas (see also next sub-section).  
Table 2 (Table 8.2.1.4.2-2): Minimum performance Multi-Layer Spatial Multiplexing (FRC)

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

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz

16QAM 1/2
	[R.11 FDD]
	EVA5
	2x2 Low
	70
	12.9
	2-5

	2
	10 MHz

16QAM 1/2
	[R.11 FDD]
	ETU70
	2x2 Low
	70
	14.3
	2-5

	3
	10MHz

64QAM 3/4
	[R.31 FDD]
	EPA5
	2x2 Low
	70
	TBD
	3-5


The proposed change
· remove Test 1. 

2.3 4 TX Closed-Loop Spatial Multiplexing

Adding a 64QAM 3/4 for 4 TX antennas would be and additional “stress test”, this would also demonstrate some precoding gains (frequency selective). The feedback delay is not a problem at 5 Hz Doppler. However, the correlation could be changed to median since the use case is close to site since complex MCS and EPA channel, and low correlation is covered in the 2 TX case. 
Table 3 (Table 8.2.1.4.3-2): Minimum performance Multi-Layer Spatial Multiplexing (FRC)

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

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz 16QAM 1/2
	[R.14 FDD]
	EVA5
	4x2 Low
	70
	10.5
	2-5

	2
	10MHz

64QAM 3/4
	[R.32 FDD]
	EPA5
	4x2 Low
	70
	TBD
	3-5


From an implementation perspective, Test 2 could replace Test 1, but we still propose to keep Test 1 that is more typical for “mid-cell conditions” (fall-back to transmit diversity likely at cell edge).  The proposed change
· for Test 2: change to medium correlation.
The PDSCH test cases now cover 16QAM and 64QAM, different TX antenna configurations as well as user scenarios close to site and “mid cell”.

3 PDCCH/PCFICH
The additional test case for 2 x 2 and with EVA70 does not have to be included since 1 x 2 is already tested under ETU70 that covers cell-edge conditions with its lower code rate (8 CCE aggregation). The 4 TX is already covered from an implementation standpoint. 
Table 4 (Table 8.4.1.2-1): Minimum performance PDCCH/PCFICH
	Test number
	Bandwidth  
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Reference value

	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	[8.2]
	1.4 MHz
	2 CCE
	[R.16 FDD]
	EPA5
	2 x 2 Low
	1
	4.3

	[8.3]
	10 MHz
	4 CCE
	[R.17 FDD]
	EVA5
	4 x 2 Medium
	1
	0.9

	[8.4]
	10MHz
	4 CCE
	[R.33 FDD]
	EVA70
	2x2 Low
	1
	TBD


The proposed change

· remove the proposed Test 8.4.
4 PHICH
Just as for PDCCH we propose not to include the additional PHICH test case for 2 x 2. PHICH performance is already tested with a dispersive ETU70 with 1 x 2 antenna configuration, and the power setting for the desired and interfering users is the same as for the proposed test case (R.18 and R.34 have the same power settings). From a deployment perspective, cell-edge performance is verified for 1 x 2 in Test 9.4, and up to 4 TX antennas is already covered from an implementation perspective.
Table 5 (Table 8.5.1.2-1): Minimum performance PHICH
	Test number
	Bandwidth  
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Reference value

	
	
	
	
	
	Pm-an (%)
	SNR (dB)

	[9.2]
	1.4 MHz
	[R.19]
	EPA5
	2 x 2 Low
	0.1
	5.6

	[9.3]
	10 MHz
	[R.20]
	EVA5
	4 x 2 Medium
	0.1
	6.0

	[9.5]
	10MHz
	[R.34]
	EVA70
	2x2 Low
	0.1
	TBD


The proposed change

· remove the proposed Test 9.5.

5    Overall
FDD and TDD should be aligned, and the additional PDSCH tests for 4 TX transmit diversity and 64QAM for closed-loop spatial multiplexing should also be included for TDD Rel-9. 

Considering user scenarios, one could align several test cases w r t to propagation conditions so that e.g. PDCCH with a certain number of TX is tested under similar conditions as transmit diversity cases for PDSCH with the same TX configuration. Moreover, transmit diversity fall-back modes from multi-layer transmission could be considered. However, this would be difficult without major changes from Rel-8.

6    Simulation results

Simulation results for alignment for selected scenarios are shown in the attached; results with impairment for these tests are shown in the next section.
7   Proposal

The following changes are proposed for Rel-9 UE demodulation performance, simulation results with receiver impairments are shown for the additional test cases. For transmit diversity tests with the 4 x 2 antenna configuration, an alternative to that proposed in [1] is given too.
Table 8.2.1.2.2-2: Minimum performance Transmit Diversity (FRC)

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

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	1.4 MHz QPSK 1/3
	[R.12 FDD]
	EPA5
	4x2 Medium
	70
	0.2
	1-5

	2
	10MHz

16QAM 1/2
	[R.14 FDD]
	 EVA70
	4x2 Low
	70
	5.8
	2-5

	[2bis]
	[10 MHz QPSK 1/3]
	TBD
	[ETU70]
	[4x2 Low]
	[70]
	-2.2
	[1-5]


Table 8.2.1.4.2-2: Minimum performance Multi-Layer Spatial Multiplexing (FRC)

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

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	
	

	
	
	
	
	
	

	2
	10 MHz

16QAM 1/2
	[R.11 FDD]
	ETU70
	2x2 Low
	70
	14.3
	2-5

	3
	10MHz

64QAM 3/4
	[R.31 FDD]
	 EPA5
	2x2 Low
	70
	16.3
	3-5


Table 8.2.1.4.3-2: Minimum performance Multi-Layer Spatial Multiplexing (FRC)

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

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz 16QAM 1/2
	[R.14 FDD]
	EVA5
	4x2 Low
	70
	10.5
	2-5

	2
	10MHz

64QAM 3/4
	 [R.32 FDD]
	 EPA5
	4x2 Medium
	70
	12.0
	3-5
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