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1 Introduction

In RAN#68, the work item “Elevation Beamforming/Full-Dimension (FD) MIMO for LTE” was approved in [1] which aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array. 
In last RAN4 meeting, such agreements were reached for demodulation performance requirements:
· Introducing PDSCH demodulation test case to verify DMRS enhancement
· Reusing existing TM-9 MU-MIMO test parameters as the baseline to introduce the test case. 
· FFS for test applicable applicability. 

In this contribution, we provide overview on UE demodulation performance requirements under FD-MIMO WI.
2 Discussion
2.1 Test case design
Test applicability
Following RAN1 agreement for FD-MIMO features (R4-161547), one capability bit each should be defined for TM9 and TM10 independently for supporting enhanced DMRS.  Considering TM9 is a more generic transmission mode from Rel-10, we proposed to introduce demodulation test for DMRS enhancement only under TM9.  With this proposal, the outcome is no test case applicable for such specific UE type which supports DMRS enhancement under TM10, but no capability under TM9. However, considering processing effort under TM10 (QCL behaviour B, multiple CSI process, CRS-IM), if UE support FD-MIMO features in TM10, obviously, it can support such features in TM9. On the other side, it’s uncertain once UE support TM9 whether UE can support TM10.

Also considering DMRS enhancement, it’s an optional feature depending on UE capability. We proposed to introduce a new test case with new DMRS table into specs and depending on UE capability to pass the new test case or existing test case.
Proposal1: Introducing new PDSCH test case under TM9 with updating DMRS configuration and Rel-13-DMRS-table.
· Depending on UE capability to pass the new test case or existing multi-user test case.
Table 8.3.1.1-3: 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) 
	

	2 
	10 MHz 
64QAM 1/2 
	R.50 FDD 
	OP.1 FDD 
	EPA5 
	2x2 Low 
	70 
	21.9 
	≥2 

	2-1 
	10 MHz 
64QAM 1/2 
	R.50 FDD 
	OP.1 FDD 
	EPA5 
	2x2 Low 
	70 
	TBD 
	≥2 

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

Note 2: Pending on UE capability, if UE support Rel-13 DMRS enhancement, then pass test case 2-1 otherwise pass test 2 


DMRS configuration for target UE

Generally, two options can be considered for DMRS configuration of target UE:

· Option1: fixed as port 7 with OCC=4, nSCID= 0,OCC 

· Option 2: Dynamic changed between port {7,8,11,13} with nSCID= 0,OCC =4

We slightly preferred option2 which can implicitly verify UE following DCI indication.
Configuration for interference UE
Following discussion in last RAN4 meeting, such options were discussed:
· Option 1: Transmit rank 1 MU-MIMO interference user. 

· Alt. 1: DM-RS port of interference user is fixed to port 11. 

· Alt. 2: DM-RS port of interference user is rotated among port 7, port 8, port 11 and port 13 during the test. 

· Option 2: Simultaneous MU-MIMO PDSCH transmission using 4 DMRS APs (7,8,11,13) 

Considering with 2Rx, UE implementation for handling more than or equal to 2 interference layers is questionable. We preferred option 1 that at each TTI, only one layer interfering simultaneous transmission. Also we preferred that DMRS port of interference user is random selected from {7,8, 11,13} except which used by input signal (target UE) at each TTI. Following this approach, we can implicitly verify UE behaviour for blind detection of the existence of interfering signals.
Proposal 2: For DMRS configuration, we preferred:

· Target UE: dynamic changed between port {7,8,11,13} with nSCID= 0,OCC =4
· Interference UE: rank 1 interference with DMRS ports rotated among port {7,8,11,13} except which used by input signal (target UE) with nSCID= 0,OCC =4
Beam-forming model

For rel-10 MU-MIMO test, DM-RS of the two layers are CDM multiplexed and different beamforming vectors are applied to the two users as specified in annex B.4.1. 

· Single-layer transmission on antenna port 7 or 8 with a simultaneous transmission on the other antenna port, is defined by using a pair of precoder vectors 
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 from Table 6.3.4.2.3-1 in 36.211, as beamforming weights, and normalizing the transmit power as follows:

· 
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We preferred reusing existing beam-forming model for this new test case: 
Proposal 3: Reusing existing beam-forming mode as specified in annex B.4.1:

· Two 2x1 precoders randomly selected from Rel-8 layer 1 codebook (Table 6.3.4.2.3-1 in TS36.211) but not the same.

· Precoder update granularity: 1PRG per TTI
· Additional power scaling factor applied to normalize  the transmit power
· 
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2.2 Simulation result
Following analysis and test configuration proposed in last chapter and taking existing test parameters for MU-MIMO test as basis, a detailed simulation assumption was proposed in table below. 
	parameter
	Unit
	Test X

	Downlink power allocation
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	dB
	0
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	dB
	0 (Note 1)

	
	(
	dB
	-3

	System Bandwidth
	MHz
	10

	Beamforming model
	
	Annex B.4.1

	MIMO channel
	
	EPA5Hz, 2*2 Low

	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

	Rel-13-DMRS-table
	
	Yes

	MCS and Rank
	
	64QAM 1/2 Rank1
R.50 FDD

	Simultaneous transmission
	
	Yes

	DMRS configuration for input signal
	
	Option 1: port 7, nSCID=0 (OCC=4)
Option2: random select between port  {7,8,11,13} , nSCID=0 (OCC=4)

	DMRS configuration for interfering signal
	
	Option 1: port 11, nSCID=0 (OCC=4)
Option2: random select between port {7,8,11,13} which not used for input signal, nSCID=0 (OCC=4)

	PDSCH transmission mode
	
	9


Figure 1 below showed the absolute throughput performance vs. SNR across 8dB~26 dB. We observed that alignment results can achieve 70% relative throughput at SNR 18.3dB which has 3.5 dB offset compared to the reference SNR point in existing MU-MIMO performance test requirement.
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Figure 1: MU-MIMO PDSCH throughput vs. SNR

3 Conclusion
In this contribution, we provide overview on UE demodulation performance requirements under FD-MIMO WI.

Proposal1: Introducing new PDSCH test case under TM9 with updating DMRS configuration and Rel-13-DMRS-table.

· Depending on UE capability to pass the new test case or existing multi-user test case.

Table 8.3.1.1-3: 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) 
	

	2 
	10 MHz 
64QAM 1/2 
	R.50 FDD 
	OP.1 FDD 
	EPA5 
	2x2 Low 
	70 
	21.9 
	≥2 

	2-1 
	10 MHz 
64QAM 1/2 
	R.50 FDD 
	OP.1 FDD 
	EPA5 
	2x2 Low 
	70 
	TBD 
	≥2 

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

Note 2: Pending on UE capability, if UE support Rel-13 DMRS enhancement, then pass test case 2-1 otherwise pass test 2 


Proposal 2: For DMRS configuration, we preferred:

· Target UE: dynamic changed between port {7,8,11,13} with nSCID= 0,OCC =4
· Interference UE: rank 1 interference with DMRS ports rotated among port {7,8,11,13} except which used by input signal (target UE) with nSCID= 0,OCC =4
· Proposal 3: Reusing existing beam-forming mode as specified in annex B.4.1:

· Two 2x1 precoders randomly selected from Rel-8 layer 1 codebook (Table 6.3.4.2.3-1 in TS36.211) but not the same.

· Precoder update granularity: 1PRG per TTI
· Additional power scaling factor applied to normalize  the transmit power
· 
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Following analysis and test configuration proposed, we further provided initial evaluation results.  Based on simulation results, we observed that: alignment results can achieve 70% relative throughput at SNR 18.3dB which has 3.5 dB offset compared to the reference SNR point in existing MU-MIMO performance test requirement.
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