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1. Introduction
The Release 15 Study Item “Study on LTE DL 8Rx antenna ports” has been approved and introduced in RAN#76 and the Study Item Description is given in [1] with an objective to study the performance gain with 8 Rx antenna configuration compared to a smaller number of receive antennas, such as 4 Rx.

In RAN4#84 and RAN4#84bis Meetings, there had been extensive discussions and simulation evaluations by different companies on the study of various 8Rx antenna ports scenarios and their corresponding performance, especially compared with 4Rx antenna ports. Based on the discussion in the 8Rx SI, two agreements among companies were captured as follows:
1. In RAN4#84 Meeting: 
Agreement: to use the correlation matrices in this way forward as the starting point with that the interested companies could have study to find out the limit where we do not get 8Rx gain, and do not preclude the other companies to provide the simulation results with their preferred correlation matrix for all the possible layers.
2. In RAN4#84bis Meeting: 
Agreement: all the available studies and simulation results from all the interested companies would be captured in the appendix of 8Rx final TR.

In this contribution, we provide a test proposal for 8Rx final TR (36.757), in particular, addressing the conclusion and appendix parts.
2. Text Proposal

< Start of first change >
[bookmark: _Toc490078414][bookmark: _Toc305080712]   6	Conclusion
Based on all the available 8Rx studies and simulation results captured in Annex A from all the interested companies, we conclude that:
· No new RRM and RLM requirement shall be defined for 8RX;
· No new PDCCH/PCFICH requirements shall be defined for 8Rx;
· PDSCH requirements for RI ≤ 4 (based on MMSE-IRC baseline receiver): 
· About 3 to 4 dB gains could be observed for noise limited scenarios;
· Limited gains were observed for interference-limited scenarios (e.g. MU-MIMO);
· Throughput performance is very sensitive to the Rx antenna correlation level, and gains decreases as the correlation level increases, especially for higher ranks;
· PDSCH requirements for RI > 4 (based on MMSE-IRC baseline receiver):
· The combination of 8-layer and 64QAM might be able to achieve the maximum configured downlink throughput within the practical operating SNR range, given zero antenna correlation and low MCS level;
· The combination of 6/8-layer and 256QAM could not be feasible to achieve the maximum configured downlink throughput within the practical operating SNR range, even though antenna correlation is zero and MCS is low;
· Throughput performance is considerably impacted by and extremely sensitive to Rx antenna correlation levels, and the throughput degrades dramatically if antenna correlation is not zero.
   7	Annex A:
Annex A includes all the available 8Rx SI studies and simulation results from all the interested companies.

a. Intel simulation results [2] – [7]:
   PDSCH TM2 Fading Channel Scenario:
[image: ]
   PDSCH TM3 Fading Channel Scenario:
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   PDSCH TM9 Fading Channel Scenario:
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PDSCH TM9 Static Channel Scenario:
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PDSCH Miscellaneous Scenarios
   Scenario (i): Single-layer Spatial Multiplexing
In Scenario (i), we consider an existing 4Rx testcase for TM9 Single-layer Spatial Multiplexing, which is an MU-MIMO testcase and specified in TS 36.101 Section 8.10.1.1.5A, and is also summarized and listed below:

Table 8.10.1.1.5A-1: Test Parameters for Testing CDM-multiplexed DM RS (single layer) with multiple CSI-RS configurations 
	Parameter
	Unit
	Test 1

	Downlink power allocation
	

	dB
	0

	
	

	dB
	0 (Note 1)

	
	
	dB
	-3

	Beamforming model
	
	Annex B.4.1

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports 15,…,18

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

	CSI reference signal configuration
	
	3

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

	
at antenna port
	dBm/15kHz
	-98

	Symbols for unused PRBs
	
	OCNG (Note 4)

	Number of allocated resource blocks (Note 2)
	PRB
	50

	Simultaneous transmission
	
	Yes (Note 3, 5)

	PDSCH transmission mode
	
	9

	Number of MBSFN subframes
	Subframes
	NA

	
Note 1:	.
Note 2:	The modulation symbols of the signal under test are mapped onto antenna port 7 or 8.
Note 3:	Modulation symbols of an interference signal is mapped onto the antenna port (7 or 8) not used for the input signal under test.
Note 4:	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.

Note 5:	The two UEs’ scrambling identities  are set to 0 for CDM-multiplexed DM RS with interfering simultaneous transmission test cases.



Table 8.10.1.1.5A-2: Minimum performance for CDM-multiplexed DM RS with interfering simultaneous transmission (FRC) with multiple CSI-RS configurations
	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
64QAM 1/2
	R.50 FDD
	OP.1 FDD
	EPA5
	2x4 Low
	70
	15.8
	≥2

	Note 1:	The reference channel applies to both the input signal under test and the interfering signal.



We then try to re-use the above 4Rx testcase for 8Rx configuration as a measure of comparison between 4Rx and 8Rx antenna configurations. Moreover, besides the “ULA low correlation” case, we also consider the “ULA medium correlation A” and “ULA medium correlation B” cases as specified in Table 1 below.

Table 1 The  and  parameters for ULA MIMO correlation matrices
	Correlation Model
	
	

	Low Correlation
	0
	0

	Medium Correlation A
	0.3
	0.3874

	Medium Correlation B
	0.3
	0.005154
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Fig.1 Normalized throughput performance for TM9, single-layer spatial multiplexing, EPA5

Observation 1: For the MU-MIMO Low Correlation (ULA-LowCorr) case, 2×8 antenna configuration achieves about 1.5dB gain against 2×4 antenna configuration at 70% maximum throughput.
Observation 2: For the MU-MIMO 2×4 and 2×8 both with Medium Correlation A (ULA-MedCorrA) cases, which suggests the same size/form factor for 4Rx and 8Rx, performance of 8Rx is even worse than 4Rx.
Observation 3: For the MU-MIMO 2×8 with Medium Correlation B (ULA-MedCorrB) case, we see about 4dB gain, compared with 2×4 ULA-MedCorrA case.

   Scenario (ii): Dual-layer Spatial Multiplexing
In Scenario (ii), we consider cases for TM9 Dual-layer Spatial Multiplexing, and the simulation assumptions are listed in Table 2 below.

Table 2 Simulation Assumptions for Scenario 2 of TM 9 Dual-layer Spatial Multiplexing
	Duplex Mode
	FDD

	Transmission Mode (TM)
	9

	System Bandwidth (MHz)
	10

	Propagation Condition
	EPA5

	MCS
	18 (64QAM)

	Antenna Configuration
	4×4 / 4×8
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Fig.2 Normalized throughput performance for TM9, dual-layer spatial multiplexing, EPA5

Observation 4: For TM9 dual-layer MCS18, 4×4 with Medium Correlation A cannot achieve the maximum throughput; while, by enlarging the size/form factor, 4×8 with Medium Correlation B can achieve maximum if SNR is sufficiently high.
Observation 5: For TM9 dual-layer MCS18, when SNR is greater than 30dB, 4×4 with Medium Correlation A obtains higher throughput than 4×8 with Medium Correlation A.

   Scenario (iii): TM9 8×8 8-layer Spatial Multiplexing
In Scenario (iii), we consider cases for TM9 8×8 8-layer Spatial Multiplexing, and the simulation assumptions are listed in Table 3 below.
Table 3 Simulation Assumptions for Scenario 3 of TM 9 8×8 8-layer Spatial Multiplexing
	Duplex Mode
	FDD

	Transmission Mode (TM)
	9

	System Bandwidth (MHz)
	10

	Propagation Condition
	EPA5

	MCS
	17 (64QAM)

	Antenna Configuration
	8×8



[image: ]
Fig.3 Normalized throughput performance for TM9 8×8 8-layer Spatial Multiplexing

Observation 6: TM9 8×8 8-layer Spatial Multiplexing is very sensitive to the antenna correlation factor. In Fig.3, it shows that the maximum throughput for 64QAM MCS17 can be achieved when both correlation parameters α and β are zero. However, a very tiny increase in the correlation value, such as β = 10-6, would bring dramatic degradation in throughput vs. SNR performance.

PDCCH Scenarios:

[image: ]
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b. Company 2 simulation results:

c. Company 3 simulation results:

< End of first change >
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