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Introduction
In RAN #67 meeting, a new Ran4 WI [1] named as “New Work Item: LTE DL 4 Rx antenna ports” was approved with following objective on PDSCH demodulation requirements
[bookmark: _Toc412105831]The objectives for demodulation requirements of PDSCH for 4 Rx AP are the following
· Specify UE performance requirements with 4 Rx antenna including
· Demodulation of PDSCH (Cell-Specific Reference Symbols)
· Demodulation of PDSCH (User-Specific Reference Symbols)
· PDSCH demodulation requirements support up to 4 layers.
· No prioritization on number of layers.
· MMSE-MRC/IRC, RML and CWIC receivers will be investigated as candidate reference receivers. 
In the RAN4 #75 meeting, there were many discussions on the PDSCH demodulation requirements, and the ad-hoc meeting minutes of the discussion are listed in [2]. In this contribution, we will provide our proposals on the test cases and accordingly the simulation results. 

Test cases for 4Rx PDSCH Demodulation
In this section, based on the objectives in WID [1] and the discussion in the last meeting [2], we would like to give our view on the scope of PDSCH demodulation requirements with 4RX UE. 
From the perspective of standardization, the test cases for 4Rx UE can be divided in three parts:
· [bookmark: OLE_LINK119][bookmark: OLE_LINK120]Justify performance gain over 2Rx under Rank1/2
· Combination of advanced feature with 4Rx
· Rank3/4 PDSCH demodulation with 4Rx
For transmission modes, both CRS-based and DMRS-based transmission should be considered. So we propose to introduce following TMs:
· TM2 with 2*4 antenna configuration
· TM3 with 2*4 antenna configuration
· TM4 single layer transmission with 2*4 antenna configuration
· TM4 dual layer transmission with 4*4 antenna configuration
· TM9 single layer transmission with 2*4 antenna configuration
· TM9 dual layer transmission with 2*4 antenna configuration
For not causing so many discussions on test setup, we can reuse MCS and propagation channel of existing 2 Rx requirements as a starting point and check whether 4Rx UE can provide significant gain compared with 2Rx under existing conditions.
Proposal 1: Consider using existing TM2/3/4/9 PDSCH demodulation test cases as a starting point for checking the performance gain of 4Rx UE over 2Rx UE.
Several receivers have been defined in RAN4 specification. Currently, MMSE(-IRC) receiver is fully studied and widely  used as baseline receiver in RAN4 topics, so we propose to use MMSE(-IRC) receiver to check 4Rx performance. For other advanced receiver, we don’t need to define test cases unless significant performance gain can be observed compared with MMSE(-IRC) receiver.
Proposal 2: Consider using MMSE(-IRC) receiver for 4RX PDSCH demodulation requirements as baseline.
Proposal 3: Don’t define test cases for other advanced receiver unless significant performance gain can be observed compared with MMSE(-IRC) receiver.
Compared with 2Rx UE, 4RX combined with 256QAM can work at a lower SNR which makes 256QAM to be implemented in more practical scenarios. Based upon this fact, it would be beneficial for RAN4 to consider 256QAM PDSCH requirements with 4RX capability. However, it should be noted that the feasibility and complexity of 4Rx and 256QAM need to be further studied since 4Rx and 256QAM are different UE capabilities.
[bookmark: OLE_LINK127][bookmark: OLE_LINK128]Proposal 4: Feasibility and complexity of 4Rx and 256QAM need to be further studied. 
4Rx UE can support up to 4 layers with improved peak rate compared with 2Rx UE and new test cases for rank3/rank4 PDSCH need to be defined. In addition, SDR tests would be defined for proper instantaneous buffer implementation since higher TB size would be used for 4Rx UE with 4 layer transmission.
Proposal 5: Rank 3/4 PDSCH demodulation test would be needed.
Proposal 6: Define SDR tests for 4Rx UE under 4 layers.

Performance evaluation 
Since too many test cases have been proposed for 2Rx, we have selected typical test configurations for PDSCH demodulation from existing cases listed in TS36.101 for 4Rx performance gain verifications. Bases on the above proposals, we provide a list of necessary test cases for PDSCH demodulation of 4Rx in Table1.
Table 1 Test Parameters for CRS based demodulation
	Parameter
	Unit
	Test 1
(8.2.1.2.1)
	Test 2
(8.2.1.3.1)
	Test3
(8.2.1.4.1)
	Test 4
(8.2.1.4.3)

	Downlink power allocation
	

	dB
	-3
	-3
	-3
	-6

	
	

	dB
	-3
	-3
	-3
	-6

	
	s
	dB
	0
	0
	0
	3

	Noc at antenna ports
	dBm/15kHz
	-98
	-98
	-98
	-98

	Precoding granularity
	PRB
	N/A
	N/A
	50
	6

	PMI delay (Note 2)
	ms
	N/A
	N/A
	8
	8

	Reporting interval
	ms
	N/A
	N/A
	1
	1

	Reporting mode
	
	N/A
	N/A
	PUSCH 3-1
	[bookmark: OLE_LINK125][bookmark: OLE_LINK126]PUSCH 
1-2

	CodeBookSubsetRestriction bitmap
	
	N/A
	N/A
	1111
	0x00000000
000000ff00

	PDSCH transmission mode
	
	2
	3
	4
	4

	Number of OFDM symbols for PDCCH per component carrier
	OFDM symbol
	2
	2
	2
	2

	Bandwidth
	MHz
	10
	10
	10
	10

	Reference Channel
	
	R.11 FDD
	R.11 FDD
	R.10 FDD
	R.36 FDD

	OCNG pattern
	
	OP.1 FDD
	OP.1 FDD
	OP.1 FDD
	OP.1 FDD

	propagation condition
	
	EVA5
	EVA70
	EVA5
	EPA5

	Correlation Matrix and Antenna Configuration
	
	2x(2,4) Medium
	2x(2,4) Low
	2x(2,4) Low
	4x(2,4) 
low

	
	
	
	
	
	



Table 2 Test Parameters for DMRS based demodulation
	parameter
	Unit
	Test 5
(8.3.1.1)
	Test 6
(8.3.1.2)

	Downlink power allocation
	

	dB
	0
	4
	0

	
	

	dB
	0 (Note 1)
	4
	0

	
	s
	dB
	-3
	-3
	-3

	Beamforming model
	
	Annex B.4.1
	Annex B.4.2
	NA

	Cell-specific reference signals
	
	antenna
ports 0,1
	antenna
ports 0,1
	antenna
ports 0,1

	CSI reference signals
	
	antenna 
ports 15,…,18
	Antenna ports 15,16
	NA

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

	
	
	
	
	

	CSI reference signal configuration
	
	0
	8
	NA

	Zero-power CSI-RS configuration
ICSI-RS /
ZeroPowerCSI-RS bitmap
	Subframes 
/ bitmap
	3 /
0001000000000000
	3 /
0001000000000000
	3 /
0001000000000000

	
	
	
	
	

	
	
	
	
	

	Noc at antenna ports
	dBm/15kHz
	-98
	-98
	-98

	Number of allocated resource blocks
	PRB
	50
	50
	50

	Simultaneous transmission
	
	No
	No
	No

	PDSCH transmission mode
	
	9
	9
	Blanked

	Bandwidth
	MHz
	10
	10

	Reference Channel
	
	R.43 FDD
	R.51 FDD

	OCNG pattern
	
	OP.1 FDD
	OP.1 FDD

	propagation condition
	
	EVA5
	ETU5

	Correlation Matrix and Antenna Configuration
	
	2x(2,4) Low
	2x(2,4) 
Low

	
	
	
	



Bases on the proposed simulation assumptions listed in Table 1, link-level simulation has been taken to evaluate the demodulation performance with 2RX and 4RX. The simulation results are provided in Figure 1-6.
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Figure 1 Throughput performances of 2RX and 4RX for TM2
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Figure 2 Throughput performances of 2RX and 4RX for TM3
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Figure 3 Throughput performances of 2RX and 4RX for TM4 single layer
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Figure 4 Throughput performances of 2RX and 4RX for TM4 dual layer

[image: ]
Figure 5 Throughput performances of 2RX and 4RX for TM9 single layer
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Figure 6 Throughput performances of 2RX and 4RX for TM9 dual layer
From the above simulation results, 4Rx UE can provide significant gain over 2Rx under proposed simulation assumption, so test configuration in existing test cases of TM2/3/4/9 PDSCH demodulation can be used to justify the performance gain of 4UE over 2Rx under Rank1/2. 

Conclusion
In this contribution, we present our views on for 4RX PDSCH demodulation requirement and evaluate the feasibility of 4Rx performance gain over 2Rx in proposed scenarios. Based on our analysis, we propose that:
Proposal 1: Consider using existing TM2/3/4/9 PDSCH demodulation test cases as a starting point for checking the performance gain of 4Rx UE over 2Rx UE.
Proposal 2: Consider using MMSE(-IRC) receiver for 4RX PDSCH demodulation requirements.
Proposal 3: Don’t define test cases for other advanced receiver unless significant performance gain can be observed compared with MMSE(-IRC) receiver.
Proposal 4: Feasibility and complexity of 4Rx and 256QAM need to be further studied.
Proposal 5: Rank 3/4 PDSCH demodulation test would be needed.
Proposal 6: Define SDR tests for 4Rx UE under 4 layers.
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