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1 Introduction

The Release 15 Study Item “Study on LTE DL 8Rx antenna ports” has been introduced and the Study Item Description is given in [1]. It is expected that the 8Rx antenna configuration would have a lot different demodulation performance compared with a smaller number of receive antennas, such as, 4Rx antenna configuration. In this contribution, we provide our initial PDSCH simulation results for 8Rx with rank higher than 4.

2 [bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Simulation assumptions and results

We first consider an existing 4Rx testcase for TM9 4-layer Spatial Multiplexing, which is specified in TS 36.101 [1] Section 8.10.1.1.9, and is also summarized and listed below:

Table 8.10.1.1.9-1: Minimum performance for 4 Layer Spatial Multiplexing (User-Specific Reference Symbols)
	Parameter
	Unit
	Test 1

	Downlink power allocation
	

	dB
	0

	
	

	dB
	0 (Note 1)

	
	
	dB
	-3

	Beamforming model
	
	4 layer precoding based on WB PMI feedback

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports 15,…,18

	Beamforming model
	
	Annex B.4.3

	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 3)

	Number of allocated resource blocks (Note 2)
	PRB
	50

	Simultaneous transmission
	
	No

	PDSCH transmission mode
	
	9

	Precoding granularity
	
	50

	PMI delay
	
	8

	Reporting interval
	
	1

	Reporting mode
	
	PUSCH 3-1

	alternativeCodeBookEnabledFor4TX-r12
	
	False

	CodeBookSubsetRestriction bitmap
	
	0xFFFF000000000000

	
Note 1:	. 
Note 2:	50 resource blocks are allocated in sub-frames 1,2,3,4,6,7,8,9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0.
Note 3:	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.



Table 8.10.1.1.9-2: Minimum performance for for 4 Layer Spatial Multiplexing (User-Specific Reference Symbols)
	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
16QAM
	R.75 FDD
	OP.1 FDD
	EPA5
	4x4 Low
	70
	18.4
	≥5



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, for the 8Rx case, we consider an 8×8 antenna configuration, and 8-layer Spatial Multiplexing. The purpose for the simulations is to compare the operating SNR range between 8-layer and 4-layer Spatial Multiplexing, i.e. the operating SNR range of 8-layer Spatial Multiplexing relative to the 4-layer scenario.
[image: ]
Fig.1 Throughput performance for TM9, 4-layer (4×4) and 8-layer (8×8) spatial multiplexing, EPA5, low correlation
[image: ]
Fig.2 Normalized throughput performance for TM9, 4-layer (4×4) and 8-layer (8×8) spatial multiplexing, EPA5, low correlation

Observation 1: 8-layer (8×8) spatial multiplexing is able to achieve double throughput compared with 4-layer (4×4) spatial multiplexing, if SNR is high enough. 
Observation 2: The operating SNR range (70% of max throughput) of 8-layer (8×8) spatial multiplexing is about 1.5dB worse than 4-layer (4×4) spatial multiplexing.
Observation 3: The simulations in Fig.1 and Fig.2 consider low modulation level (16QAM) and low MIMO channel correlation. Obviously, the operating SNR would increase as the modulation level and MIMO channel correlation increase. 
Proposal 1: Considering one of our parallel contributions [2] that addresses the MIMO channel correlation issue for 8Rx, it is proposed to further study the impact of higher receive antenna correlation for up to 8-layer (8×8) spatial multiplexing scenarios, especially on the operating SNR range.
Proposal 2: Since one of the promised benefits of 8Rx implementation is to boost the downlink peak data rate. One way to do that is to combine 8Rx with higher modulation levels, such as 256QAM. It would make a lot sense to investigate the operating SNR range specifically for 8-layer (8×8) spatial multiplexing combined with 256QAM.

3 Conclusion 

In this contribution, we provided our initial PDSCH simulation results for 8Rx.
Observation 1: 8-layer (8×8) spatial multiplexing is able to achieve double throughput compared with 4-layer (4×4) spatial multiplexing, if SNR is high enough. 
Observation 2: The operating SNR range (70% of max throughput) of 8-layer (8×8) spatial multiplexing is about 1.5dB worse than 4-layer (4×4) spatial multiplexing.
Observation 3: The simulations in Fig.1 and Fig.2 consider low modulation level (16QAM) and low MIMO channel correlation. Obviously, the operating SNR would increase as the modulation level and MIMO channel correlation increase. 
Proposal 1: Considering one of our parallel contributions [2] that addresses the MIMO channel correlation issue for 8Rx, it is proposed to further study the impact of higher receive antenna correlation for up to 8-layer (8×8) spatial multiplexing scenarios, especially on the operating SNR range.
Proposal 2: Since one of the promised benefits of 8Rx implementation is to boost the downlink peak data rate. One way to do that is to combine 8Rx with higher modulation levels, such as 256QAM. It would make a lot sense to investigate the operating SNR range specifically for 8-layer (8×8) spatial multiplexing combined with 256QAM.
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