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1 Introduction

In RAN4 #76 meeting, WF [1] was approved in which the transmission mode and test purpose for layer 3 and 4 PDSCH requirements are provided:
· Layer 3 or(and) 4 PDSCH test cases will be introduced as test requirements in R.13 4RX WI:

· Demodulation tests with fading channel

· TM3 (FFS)

· TM4

· TM9

· SDR test(s) with static channel

· TM3 

· TM4 (FFS)

· Test purpose is to verify the UE’s implementation at least on the following aspects

· MIMO receiver

· layer-to-codeword mapping

· Channel estimation and rate-matching of DMRS port 9/10 for DMRS-based transmission

· High layer pre-coding matrix for TM3 /TM4  demodulation

· High layer PMI measurement and reporting for TM4/TM9 (FFS)

Additionally, test parameters for demodulation and SDR requirements are suggested, and companies are encouraged bring evaluation results based on these parameters.

In this contribution, we will provide further analysis and evaluation on the PDSCH layer 3/4 requirements, and propose the final test setup for both demodulation and SDR requirements. 
2 Demodulation test
Based on the agreements in [1], we would like to propose our preference on the test setup for layer3/4 PDSCH requirements. Firstly, some key points on the test feasibility should be clarified: 
· Due to the intra-layer interference, the test feasibility of PDSCH layer 3/4 demodulation tests is highly depending on how to achieve a proper SNR condition for tests. Basically, some special configuration are needed, such as

· Low antenna correlation

· Followed PMI for demodulation test

· Low MCS
· Regarding the modulation order, it’s obvious that low MCS value is benefit to achieve proper SNR condition. Also, we realized that in real network, the UE may prefer to use high MCS with lower layer number, rather than low MCS with high layer number. While, if let’s look into the test purpose of layer 3/4 PDSCH, the QAM demodulation functionality is isolated with 3/4 layer related functionalities, so from test purposes point of view, it’s reasonable to use medium MCS for 3/4 layer demodulation requirements to serving the test purpose in [1].
· Regarding rank3, as there exists a TBS imbalance between two codeword because of the layer to codeword mapping, so maybe different MCS is expected for two codeword in order to achieving the similar BLER performance. While the PMI measurement usually follow the rule of maximum throughput, so it’s possible for UE to report different PMI index with different MCS for two codewords with given SNR condition depending on the channel coefficient. In this situation, the performance of 3 layer demodulation would be not stable with followed PMI and fixed reference channel. 
Based on the above analysis and suggested test parameters in [1], we evaluate the link level performance based on assumptions in table 1. 

Table 1 Test setup for 3/4 layers PDSCH demodulation requirements
	parameters
	Units
	TM3
	TM4
	TM9

	bandwidth
	MHz
	10
	10
	10

	scheduled frequency resource
	PRB
	50
	50
	50

	Number of control OFDM symbols
	
	2
	2
	2

	PDSCH transmission mode
	
	3
	4
	9

	Antenna configuration
	
	4x4, low
	4x4, low
	4x4, low

	Propagation channel
	
	EVA70
	EPA5
	EPA5

EVA70

	CRS configuration
	
	port 0,1,2,3
	Port 0,1,2,3
	Port 0,1

	DMRS configuration
	
	-
	-
	Port 7,8,9,10

	CSI-RS configuration
	
	-
	-
	Port 15,16,17,18

	scheduled subband
	subframe
	[1,2,3,4,6,7,8,9]
	[1,2,3,4,6,7,8,9]
	[1,2,3,4,6,7,8,9]

	available RE number
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128*50=6400
	[image: image2.emf]PDCCH

CRS


128*50=6400
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104*50=5200
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108*50=5400

	PMI feedback
	
	PUCCH 1-0
	PUCCH 1-1
	PUCCH 1-1

	Beamforming model
	
	-
	followed wideband PMI
	followed wideband PMI

	CodeBookSubsetRestriction bitmap for 3 layer
	
	-
	0000000000000000
1111111111111111
0000000000000000
0000000000000000
	0000000000000000
1111111111111111
0000000000000000
0000000000000000

	CodeBookSubsetRestriction bitmap for 4 layer
	
	-
	1111111111111111
0000000000000000
0000000000000000
0000000000000000
	1111111111111111
0000000000000000
0000000000000000
0000000000000000

	MCS
	
	14
	14
	14


The simulation results are provided in figure 5:
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Figure 1 throughput performances of 3/4 layer PDSCH transmission 
Based on the above results, it could be observed that:

· With given simulation assumption, reasonable SNR conditions could be achieved for both DMRS-based and CRS-based 3/4 layer transmission. 

· Regarding different propagation channels, EPA5 and EVA70, due to the less reference signal overhead, better channel estimation and so on, the CRS-based transmission mode (TM3/4) could outperform the DMRS-based transmission mode (TM9)

· Regarding 3 layer transmission, because of the imbalance between layers to codeword mapping, the close-loop MIMO transmission scheme would lead to different demodulation performance between two codewords, while open-loop MIMO scheme could have similar performance.
So, based on the above observation, we would like to propose following test cases for 3/4 layer requirements, which are

· Test 1: 3layer, TM3, MCS14, 4x4 low, EVA70

· Test 2: 4 layer, TM4, MCS14, 4x4 low, EPA5, followed wideband PMI

· Test 3: 4 layer, TM9, MCS14, 4x4 low, EPA5, followed wideband PMI

So, we propose that:

Proposal 1: RAN4 adopts the following 4RX requirements for PDSCH 3/4 layer tests:
· Test 1: 3layer, TM3, MCS14, 4x4 low, EVA70

· Test 2: 4 layer, TM4, MCS14, 4x4 low, EPA5, followed wideband PMI

· Test 3: 4 layer, TM9, MCS14, 4x4 low, EPA5, followed wideband PMI

3 SDR test

3.1 Evaluation

Firstly, we would like to capture link level evaluation to verify the feasibility of PDSCH 4 layer SDR tests with given static channel, TM3 transmission, and affordable-highest MCS. Based on the parameters in WF [1], the link level evaluation results are provided in Figure 2 with assumptions in Table 2/3/4.
Table 2 Test setup for 4 layers PDSCH SDR requirements
	parameters
	Units
	Values

	bandwidth
	MHz
	10/20

	scheduled frequency resource
	PRB
	50/100

	Number of control OFDM symbols
	
	1

	PDSCH transmission mode
	
	3

	Antenna configuration
	
	Static propagation channel

	CRS configuration
	
	port 0,1,2,3

	scheduled subband
	subframe
	[0,1,2,3,4,6,7,8,9]

	Layer number
	
	4 layers

	EVM noise
	
	 6% EVM 


Table 3 Number of used RE for different PRB
	PRB allocation
	Values

	Centre  6PRB in subframe 0
	[image: image13.emf]PDCCH

CRS

PSS/SSS

PBCH

 72

	Centre 6PRB in subframe 5
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PSS/SSS

 112

	Other PRB in other subframe
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 136


Table 4 TBS and coding rate for layer 4 PDSCH SDR requirements

	Parameter
	Unit
	Value

	Reference channel
	
	R.xx-1 FDD
	R.xx-2 FDD
	R.xx-3 FDD
	R.xx-y FDD

	Channel bandwidth
	MHz
	10
	15
	20
	

	Allocated resource blocks 
	
	Note 1
	Note 2
	Note 3
	

	Allocated subframes per Radio Frame
	
	10
	10
	10
	

	Modulation
	
	64QAM
	64QAM
	64QAM
	

	Coding Rate
	
	
	
	
	

	  For Sub-Frame 1,2,3,4,6,7,8,9,
	
	0.907
	0.903
	0.921
	

	  For Sub-Frame 5
	
	0.794
	0.928
	0.921
	

	  For Sub-Frame 0
	
	0.832
	0.799
	0.813
	

	Information Bit Payload (per 1 layer)
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	36696
	55056
	75376
	

	  For Sub-Frame 5
	Bits
	29296
	52752
	71112
	

	  For Sub-Frame 0
	Bits
	31704
	46888
	63776
	

	Information Bit Payload (per 2 layer)
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	73712
	110136
	149776
	

	  For Sub-Frame 5
	Bits
	59256
	105528
	142248
	

	  For Sub-Frame 0
	Bits
	63776
	93800
	128496
	

	Number of Code Blocks
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	12
	18
	25
	

	  For Sub-Frame 5
	Bits
	10
	18
	24
	

	  For Sub-Frame 0
	Bits
	11
	16
	21
	

	Binary Channel Bits 
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	40800
	61200
	81600
	

	  For Sub-Frame 5
	Bits
	37488
	57072
	77472
	

	  For Sub-Frame 0
	Bits
	38496
	58896
	79296
	

	Number of used RPB and RE 
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	6800
	10200
	13600
	

	  For Sub-Frame 5
	Bits
	6248
	9512
	12912
	

	  For Sub-Frame 0
	Bits
	6416
	9816
	13216
	

	Number of layers
	
	4
	4
	4
	

	Max. Throughput averaged over 1 frame 
	Mbps
	?
	?
	?
	

	UE Categories
	
	?
	?
	?
	

	Note 1:
Resource blocks 
nPRB = 3..49 are allocated for the user data in sub-frame 5, and resource blocks nPRB = 0..49 in sub-frames 0,1,2,3,4,6,7,8,9.
Note 2:
Resource blocks 
nPRB = 4..74 are allocated for the user data in sub-frame 5, and resource blocks nPRB = 0..74 in sub-frames 0,1,2,3,4,6,7,8,9.
Note 3:
Resource blocks 
nPRB = 4..99 are allocated for the user data in sub-frame 5, and resource blocks nPRB = 0..99 in sub-frames 0,1,2,3,4,6,7,8,9.
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Figure 2 throughput performances of 3/4 layer PDSCH transmission 
Based on the evaluation, it could be observed that:

· With respect to current simulation assumptions, the proposed test setups are feasible to verify the maximum throughput of PDSCH 4 layer transmission.
So, we propose that:
Proposal 2: It’s confirmed that the proposed SDR test setups are feasible for PDSCH 4 layer transmission:

· 64QAM with reasonable highest coding rate
· 6% EVM

· TM3, 4x4 static channel
3.2 Discussion
Accordingly, there are several aspects and issues which should be clarified and solved for 4 layer SDR tests, what related to:
· 256QAM based 4 layer SDR test

· In our opinion, as 256QAM with 4 layer transmission would be a big challenge on UE capability of large data handing, and this case would be less realistic in real-network. And what’s more, there still need further verification on the test feasibility. So, we would like to further study on whether introduce 256QAM based 4 layer SDR test.

· Applicable UE category for 4 layer SDR test
· For some low UE category, current 2x2 2 layer SDR tests have already achieved the maximum supported TBS transmission. So, further discussion and study would be needed to clarify which UE category the 4 layer SDR tests should be applied.
· The combination of 4 layer SDR test and CA

· With respect to current SDR tests in TS36.101, it could be observed that there are multiple CA related SDR tests requirements considering different band combination. So, it would be a problem on how to handle the 4 layer SDR with CA.

Based on the above analysis, we propose that:
Proposal 3: Further study is needed in RAN4 to clarify the 4 layer SDR tests, at least for

· 256QAM based 4 layer SDR test

· Applicable UE category for 4 layer SDR test

· Combination of 4 layer SDR and CA
4 Conclusion
In this contribution, we discuss and evaluate the test requirements for PDSCH 3/4 demodulation and SDR cases. Based on our analysis, we propose that:

Proposal 1: RAN4 adopts the following 4RX requirements for PDSCH 3/4 layer tests:

· Test 1: 3layer, TM3, MCS14, 4x4 low, EVA70

· Test 2: 4 layer, TM4, MCS14, 4x4 low, EPA5, followed wideband PMI

· Test 3: 4 layer, TM9, MCS14, 4x4 low, EPA5, followed wideband PMI

Proposal 2: It’s confirmed that the proposed SDR test setups are feasible for PDSCH 4 layer:

· 64QAM with reasonable highest coding rate

· 6% EVM

· TM3, 4x4 static channel

Proposal 3: Further study is needed in RAN4 to clarify the 4 layer SDR tests, at least for

· 256QAM based 4 layer SDR test

· Applicable UE category for 4 layer SDR test

· Combination of 4 layer SDR and CA
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