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Introduction
PDSCH candidate testcase sets are under RAN4 discussion since RAN4#76. Nevertheless, there still remain many test configuration factors and variant parameters to be aligned for simulation, RAN4 is trying to align testcase scenarios first by selecting candidate sets that are relatively easy to be agreeable in the first round discussion from RAN4#76. Based on the selected set, RAN4 has intensive email discussions and is planning to share performance discussions of the testcase. 

This is the first round of PDSCH testcase discussions, so we also deliberate the further rounds of PDSCH testcases discussions with overall view of the total testcase set. In this contribution, we share our view on the further testcase set and performance of the selected testcase set.

Discussions on PDSCH candidate test set
Through the last RAN4 meetings, companies have presented preferences on PDSCH testcase sets. Intel has also provided preference testcase sets with in [1, table 1]. Based on the email reflector discussions [2], the first round discussion reaches to consensus of first performance studies in Table 1 and Table 2. There remained several parameters which were not agreed in the selected testcase candidates. In the next meeting, RAN4 needs to further discuss regarding the number of TX configuration (2TX or 4TX), number of faders with cost impacts and correlation type selection. In the table 1 and table 2, we would like to share views on further configuration alignments.

Table 1 : 4-RX UE FDD testcase candidate set with variable parameters considerations
	 
	Based on
	Receiver 
	Antenna configs
	# of Layers
	Propagation Channel
	Notes

	TM2
	8.2.1.2.2  Test 2
	MMSE
	4x4 (i)
or 2x4
	 
	ETU70
( ULA medium or
XPOL medium ) (ii)
	N/A

	TM3
	8.2.1.3.1 Test 1
	MMSE
	2x4
	2
	EVA70 Low corr
	N/A

	
	
	
	
	
	
	

	TM4
	8.2.1.4.3 Test 1
	MMSE
	4x4
	2
	EPA5 Low corr
	N/A

	TM6
	8.2.1.4.1B
	MMSE –IRC
	2x4
	1
	EVA5
( XPOL medium or

Low corr ) (iii)
	1 INF BS

(DIP=-1.73dB or INR1=3.1dB)

	
	
	
	
	
	
	

	TM9
	8.3.1.1A
	MMSE –IRC
	4x4 (iv)
	1
	EVA5
( XPOL medium or

Low corr ) (iii)
	1 INF BS

(DIP=-1.73dB or INR1=3.1dB)

	TM9
	8.3.1.2
	MMSE
	2x4/4x4 (v)
	2
	ETU5 Low
	1 CRS AP  for 2x4

2 CRS APs for 4x4

No INF BS (v)


Table 2 : 4-RX UE TDD testcase candidate set with variable parameters considerations
	 
	Based on
	Receiver 
	Antenna configs
	# of Layers
	Propagation Channel
	Notes

	TM2
	8.2.2.2.2 Test 2
	MMSE
	4x4 (i) 

or 2x4
	 
	ETU70
( ULA medium or
XPOL medium ) (ii)
	N/A

	TM3
	8.2.2.3.1 Test 1
	MMSE
	2x4
	2
	EVA70
	N/A

	TM4
	8.2.2.4.3 Test 1
	MMSE
	4x4
	2
	EPA5
	N/A

	TM6
	8.2.2.4.1B
	MMSE –IRC
	2x4
	1
	EVA5
( XPOL medium or

Low corr ) (iii)
	1 INF BS

(DIP=-1.73dB or INR1=3.1dB)

	TM9
	8.3.2.1B
	MMSE –IRC
	4x4 (iv)
	1
	EVA5
( XPOL medium or

Low corr ) (iii)
	1 INF BS

(DIP=-1.73dB or INR1=3.1dB)

	TM9
	8.3.2.3
	MMSE
	2x4/4x4 (v)
	2
	ETU5 Low
	1 CRS AP  for 2x4

2 CRS APs for 4x4

No INF BS (v)


In the tables, there remain several option selections. We would like to provide our preferences and reasons as below.

(i) TM2 2TX or 4TX MIMO configurations  (8.2.2.2.1 Test 1 or 8.2.2.2.2 Test 2)
· There was a proposal to introduce both of 2-TX and 4-TX TM2 tests. TM2 is based on SFBC, and 4-TX utilizes a special scheme with SFBC+FSTD. It is reasonable to test more complicated functional requirements with SFBC. Testing both 2-TX and 4-TX cases are duplication. 

(ii) TM2 channel correlation : ULA medium correlation or XPOL medium correlation

· Two options have been considered. XPOL antenna may be considered for performance improvements. However, it does not mean ULA antenna is completely precluded in 4-RX discussions. In RAN4 discussion, antenna correlation is just a model for tests. For an example, RAN4 utilizes “low” correlation for test purpose, but there is no such correlation in reality. Since ULA may still be able to use with 4-RX AP UE implementation, we want to introduce a test with the ULA antenna model. This will make interpretation that the ULA is not precluded from 3GPP 4-RX UE discussions.
· Regarding the beta value option, beta=0.3874 gives consistence comparing to 2-RX antenna correlation model; which it gives correlation =0.9 with a right next adjacent RX antenna.

· Option 1 : XPOL, alpha=0.3, beta=0.6, gamma=0.2 

· Option 2 : ULA,   alpha=0.3, beta=0.3874

(iii) TM6 and TM9 MMSE IRC: low correlation or XPOL medium correlation for IRC tests

· We don’t have strong preference to select between the options. We think the IRC tests are a proper testcase to adopt XPOL medium correlation. Otherwise, all low correlations can be selected with all other tests together with table 3 below. 

(iv) TM9 IRC : the number of faders restriction in TM9 8.3.2.1B IRC test
· Some companies raised a concern on test complexity issue with the number of faders. The test 8.3.2.1B has originally been introduced with 4TX with 2 BS interfering BSs. Under the 4x4 test conditions, the total number of faders become 48 (= 16 x 3BS). We agree to reduce it to a single interfering BS. Then it becomes 32 faders, which we expect it to be supported for other tests too (8x4 tests). As we analyze, conductive test costs are equal within the maximum number of fader supports. If there are other cost impacts, we can further discuss. 

(v) TM9 : 2x4 or 4x4 for 2-MIMO layers  (8.3.2.3)
· Regarding 1-CRS AP configuration with 2x4, it needs further clarification on the usecase. In such a BS, the legacy UE not supporting TM9 must use only TM1. We wonder if it is practically considerable scenario.
In summary from table 1 and table 2, we propose as below 

Proposal 1: We prefer to use the ULA antenna model with beta=0.3874 in TM2 test. By doing so, RAN4 tests can make an interpretation that the ULA is not precluded from 4-RX UE baseline design.

Proposal 2: We assume that test costs are equal within the maximum number of fader supports. A test with max 32 faders needs to be required for 8x4. For TM9 IRC tests, reuse 4-TX configurations as the original testcase design with 1-BS configurations.

Proposal 3: TM9 2-MIMO layer tests based on 8.3.2.3 has options with 2TX or 4TX.
· Regarding 1-CRS AP configuration with 2x4, it needs further clarification on its usecase. In such a BS, the legacy UE not supporting TM9 must use only TM1. We prefer to define a test with TM9 4x4 with 2-CRS ports.
4-RX UE Test Candidates in Next Discussion Round
While the testcase candidates are under discussions as Table 1 and Table 2, RAN4 still needs overview on all testcases sets. We would like to pay attention to what can be the additional tests for 4-RX.  We provide preferences of the additional 4-RX UE testcast candidates. In summary, the testcases listed in Table 1~3 are all testcases considered to cover 4-RX UE demodulation testcase. The remained discussions are mostly about the high layer tests. 

We have discussed on 4-MIMO-layer tests introductions. Basically, we agree to introduce 4-MIMO layer tests functionally within minimum scopes, however RAN4 needs to more deliberately investigation if 4 MIMO layer performance requirement is meaningful first. In [1], it is observed that 4-MIMO layer usecase actually 4-MIMO layers usecases appear above SNR 28dB. Our contribution in [1] have shared simulation results in TM9, EVM 3%, close loop BF, EPA-5Hz channel. In below 28dB SNR range, 3-MIMO layer selection shows more robust performance than 4-MIMO layers. In short, two factors need to be considered to make reasonable performance requirements for 4-MIMO layer tests; first a practical SNR range can be captured for 4-MIMO layer performance requirements including EVM modelling discussions. Secondly, the 4-MIMO layers selection can give explicit benefit to sustain good performance superior to other MIMO layer selections. If these two factors are not verified enough, we think that it is proper to test 4-MIMO layers functionally. The proposal of test with 16QAM and 4-MIMO layers in [2,3] also considerable.

Proposal 4: We propose additional testcase candidates as Table 3.

· For CRS-TMs, 4-MIMO layer cases are functionally tested through SDR tests.

· Define a TM9 demodulation test for 3-MIMO and 4-MIMO layer test. 
· Consider TM9 demodulation test using 16QAM with 4-MIMO-layer tests. 
· Consider TM9 3- and 4-MIMO tests with genie beamforming model, with which are able to be replaced the TM9 PMI test.
Table 3 : Additional  4-RX UE test candidates
	TM
	Reference Testcase (FDD)
<TDD>
	Legacy description

	[Channel]
	#
layers
	MCS

	New antenna configs
	New test description

	TM3
	(8.2.1.3.2)
<8.2.2.3.2>
	10MHz BW, 4TX, 3-Layer
	[EVA70]
	3
	[16QAM
1/2]
	4x4 Low
	Reuse TM3 4x2  test for 4x4 tests

	TM4
	(8.2.1.4.1A)
<8.2.2.4.1A>
	10MHz BW, 4-TX,3-Layer
	[EPA5]
	3
	[64QAM

1/2]
	4x4 Low
	Reuse TM4 4x2  test for 4x4 tests

	TM9
	(8.3.1.1)
<8.3.2.1>
	(iii) 256QAM
	[EPA5]
	1
	256QAM

	4x4 Low
	Reuse 4x2  test for 4x4 tests

	
	New
	10MHz BW, 
4-NZP-CSIRS ports, 
3-Layer  
	[EPA5]
	3
	[64 QAM ½]
	4x4 Low
	Introduce a new test

	
	New
	10MHz BW, 
4-NZP-CSIRS ports, 
4-Layer  
	[EPA5]
	4
	 [16QAM ½ ] 
	4x4 Low
	Introduce a new test


Based on the UE capability signalling structure, the 3- and 4-MIMO layers are capable only when the UE indicates its supports. Therefore, the demodulation tests with 3-MIMO layer and 4-MIMO layers are conducted in 4-RX bands where the UE indicates up to 4-MIMO layer supports through the UE capability report of supportedMIMO-CapabilityDL.
Proposal 5 : The demodulation tests with 3-MIMO layer and 4-MIMO layers are conducted in 4-RX bands where the UE indicates up to 4-MIMO layer supports through the UE capability report of supportedMIMO-CapabilityDL.
Performance Measurements
In this section, we provide performance measurements based on Table 1 and 2. 

FDD testcase candidates
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Testcase 8.2.1.2.1, TM2 FDD 2TX EVA5

2RX - XPOL Medium
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2RX - ULA Medium
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Figure 1, TM2, 2x4, 8.2.1.2.1  Test 1
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Testcase 8.2.1.2.2, TM2 4TX ETU70

4x2RX - Low corr

4x4RX - Low corr


Figure 2, TM2, 4x4, 8.2.1.2.2 Test 2
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Testcase 8.2.1.3.1 Test1, TM3 FDD 2x4 EVA70 Low

2RX - Low

4RX - Low


Figure 3, TM3 2x4 8.2.1.3.1 Test 1
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Figure 4, TM4 4x4 8.2.1.4.3 Test 1
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Testcase 8.2.1.4.1B, TM6 IRC FDD 
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Figure 5, TM6 4x4 8.2.1.4.1B Test 1
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Testcase 8.3.1.1A, TM9 IRC FDD 
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Figure 6, TM9 IRC 8.3.1.1.A
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Figure 7, TM9 2-layers, 8.3.1.2

 
TDD testcase candidates
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Figure 8, TM2 2x4, 8.2.2.2.1
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Figure 9, TM2 4x4 8.2.2.2.2
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Figure 10, TM3 2x4 8.2.2.3.1
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Figure 11, TM4 4x4 8.2.2.4.3
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Figure 12, TM6 IRC 8.2.2.4.1B
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Figure 13, TM9 IRC 8.3.2.1A
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Figure 14, TM9 2 layers 8.3.2.3

Conclusion

Observation 1 : RAN4 is considering 4-RX demodulation test candidate sets as Table below through the email discussions. There still remain some of controversial test parameters to be determined further. 
	 (FDD)
	Based on
	Receiver 
	Antenna configs
	# of Layers
	Propagation Channel
	Notes

	TM2
	8.2.1.2.2  Test 2
	MMSE
	4x4 

or 2x4
	 
	ETU70
( ULA medium or
XPOL medium ) 
	N/A

	TM3
	8.2.1.3.1 Test 1
	MMSE
	2x4
	2
	EVA70 Low corr
	N/A

	
	
	
	
	
	
	

	TM4
	8.2.1.4.3 Test 1
	MMSE
	4x4
	2
	EPA5 Low corr
	N/A

	TM6
	8.2.1.4.1B
	MMSE –IRC
	2x4
	1
	EVA5
( XPOL medium or

Low corr ) 
	1 INF BS

(DIP=-1.73dB or INR1=3.1dB)

	
	
	
	
	
	
	

	TM9
	8.3.1.1A
	MMSE –IRC
	4x4 
	1
	EVA5
( XPOL medium or

Low corr ) 
	1 INF BS

(DIP=-1.73dB or INR1=3.1dB)

	TM9
	8.3.1.2
	MMSE
	2x4/4x4 
	2
	ETU5 Low
	1 CRS AP  for 2x4

2 CRS APs for 4x4

No INF BS 


Proposal 1: We prefer to use the ULA antenna model with beta=0.3874 in TM2 test. By doing so, RAN4 tests can make an interpretation that the ULA is not precluded from 4-RX UE baseline design.

Proposal 2: We assume that test costs are equal within the maximum number of fader supports. A test with max 32 faders needs to be required for 8x4. For TM9 IRC tests, reuse 4-TX configurations as the original testcase design with 1-BS configurations.

Proposal 3: TM9 2-MIMO layer tests based on 8.3.2.3 has options with 2TX or 4TX.
· Regarding 1-CRS AP configuration with 2x4, it needs further clarification on its usecase. In such a BS, the legacy UE not supporting TM9 must use only TM1. We prefer to define a test with TM9 4x4 with 2-CRS ports.
Proposal 4: We propose additional testcase candidates as Table 3.

· For CRS-TMs, 4-MIMO layer cases are functionally tested through SDR tests.

· Define a TM9 demodulation test for 3-MIMO and 4-MIMO layer test. 
· Consider TM9 demodulation test using 16QAM with 4-MIMO-layer tests. 
· Consider TM9 3- and 4-MIMO tests with genie beamforming model, with which are able to be replaced the TM9 PMI test.
Table 3 : Additional  4-RX UE test candidates
	TM
	Reference Testcase (FDD)
<TDD>
	Legacy description

	[Channel]
	#
layers
	MCS

	New antenna configs
	New test description

	TM3
	(8.2.1.3.2)
<8.2.2.3.2>
	10MHz BW, 4TX, 3-Layer
	[EVA70]
	3
	[16QAM
1/2]
	4x4 Low
	Reuse TM3 4x2  test for 4x4 tests

	TM4
	(8.2.1.4.1A)
<8.2.2.4.1A>
	10MHz BW, 4-TX,3-Layer
	[EPA5]
	3
	[64QAM

1/2]
	4x4 Low
	Reuse TM4 4x2  test for 4x4 tests

	TM9
	(8.3.1.1)
<8.3.2.1>
	(iii) 256QAM
	[EPA5]
	1
	256QAM

	4x4 Low
	Reuse 4x2  test for 4x4 tests

	
	New
	10MHz BW, 
4-NZP-CSIRS ports, 
3-Layer  
	[EPA5]
	3
	[64 QAM ½]
	4x4 Low
	Introduce a new test

	
	New
	10MHz BW, 
4-NZP-CSIRS ports, 
4-Layer  
	[EPA5]
	4
	 [16QAM ½ ] 
	4x4 Low
	Introduce a new test


Proposal 5 : The demodulation tests with 3-MIMO layer and 4-MIMO layers are conducted in 4-RX bands where the UE indicates up to 4-MIMO layer supports through the UE capability report of supportedMIMO-CapabilityDL.
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