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1. Introduction
In RAN4 #78, there was further discussion on PDSCH demodulation test with Rel-13 DM-RS enhancement and following agreement was captured in WF [1]. 

· 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 applicability.
In this contribution, we provide further analyses on how to introduce new TM9 MU-MIMO test with DM-RS enhancement. 
2. Discussion
2.1. Rel-13 DM-RS enhancement
In Rel-13 EB/FD-MIMO, DM-RS design was enhanced to support larger layer of MU-MIMO transmission. In Rel-10, DM-RS was designed to have OCC2 spreading and two scrambling sequence, which supports up to 2 orthogonal MU-MIMO layer and up to 4 non-orthogonal MU-MIMO layer transmission. In Rel-13, DM-RS design was enhanced based on OCC4 with 12 REs that can support up to 4 orthogonal MU-MIMO layer and up to 8 non-orthogonal MU-MIMO layer. Figure 1 illustrates Rel-10 and Rel-13 DM-RS design. Note that DM-RS RE locations are same but CDM spreading is now extended from 2 REs to 4 REs on same subcarrier. Rel-13 DM-RS is supported in TM9 and TM10 when eNB sets Rel-13-DMRS-table to 1. Table 1 shows antenna port, scrambling identity and number of layer indication when Rel-13-DMRS-table is set to 1.
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(a) Rel-10 DM-RS (OCC2)                                        (2) Rel-13 DM-RS (OCC4)

Figure 1. DM-RS enhancement

Table 1. Antenna port(s), scrambling identity and number of layers indication (Rel-13-DMRS-table=1)

	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	 1 layer, port 7, nSCID=0 (OCC=2)
	0
	2 layer, port 7-8, nSCID=0 (OCC=2)

	1
	1 layer, port 7, nSCID=1 (OCC=2)
	1
	2 layer, port 7-8, nSCID=1 (OCC=2)

	2
	1 layer, port 8, nSCID=0 (OCC=2)
	2
	2 layer, port 7-8, nSCID=0 (OCC=4)

	3
	1 layer, port 8, nSCID=1 (OCC=2)
	3
	2 layer, port 7-8, nSCID=1 (OCC=4)

	4
	 1 layer, port 7, nSCID=0 (OCC=4)
	4
	 2 layer, port 11,13, nSCID=0 (OCC=4)

	5
	1 layer, port 7, nSCID=1 (OCC=4)
	5
	2 layer, port 11,13, nSCID=1 (OCC=4)

	6
	1 layer, port 8, nSCID=0 (OCC=4)
	6
	3 layer, port 7-9

	7
	1 layer, port 8, nSCID=1 (OCC=4)
	7
	4 layer, port 7-10

	8
	1 layer, port 11, nSCID=0 (OCC=4)
	8
	5 layer, port 7-11

	9
	1 layer, port 11, nSCID=1 (OCC=4)
	9
	6 layer, port 7-12

	10
	1 layer, port 13, nSCID=0 (OCC=4)
	10
	7 layers, ports 7-13

	11
	1 layer, port 13, nSCID=1 (OCC=4)
	11
	8 layers, ports 7-14

	12
	2 layers, ports 7-8
	12
	Reserved

	13
	3 layers, ports 7-9
	13
	Reserved

	14
	4 layers, ports 7-10
	14
	Reserved

	15
	Reserved
	15
	Reserved


2.2. Test configuration
From UE receiver implementation point of view, necessary changes to support Rel-13 DM-RS are 

· Parsing of 4 bit DM-RS port indication in DCI format 2C and 2D when Rel-13-DMRS-table is set to 1

· OCC4 DM-RS channel estimation

· MU-MIMO detection out of multiple candidate MU-MIMO interference stream

In Rel-10, TM9 MU-MIMO demodulation test were specified as in Table 8.3.1.1-3 for FDD and in Table 8.3.2.1A-3 for TDD in TS 36.101. For MU-MIMO demodulation, RAN4 test requires UE to detect and suppress rank 1 MU-MIMO stream from port 8 (port 7) when rank 1 PDSCH is scheduled to the UE on port 7 (port 8). Note that LMMSE suppression of MU-MIMO interference stream was assumed when defining Rel-10 TM10 MU-MIMO performance requirement. 

With DM-RS enhancement in Rel-13, UE now should be able to handle multiple candidates of MU-MIMO stream. For example, if rank 1 PDSCH is scheduled to UE on port 7 with OCC4, MU-MIMO stream could be on port 8, 11 or 13 in Rel-13 DM-RS design. UE should be able detect MU-MIMO interference from multiple candidates. Once MU-MIMO interference is detected, subsequent DM-RS channel estimation, MU-MIMO interference suppression and desired stream demodulation would be same as in Rel-10 UE. TM9 MU-MIMO demodulation test for Rel-13 DM-RS enhancement can be specified by slightly modifying existing TM9 MU-MIMO demodulation test for Rel-10 UE as shown in table 2. Necessary changes are 
· Configure Rel-13-DMRS-table=1 for the UE under test by RRC signaling. 
· Schedule PDSCH to UE with DCI 2C indicating 1 layer, port 7, nSCID=0 (OCC=4). 
· Transmit rank 1 TM9 PDSCH for desired UE on port 7. 

· Transmit rank 1 TM9 PDSCH for interference UE on port 8, 11 or 13. DM-RS port for interference UE transmission is selected randomly in each subframe. 

Proposal 1. Introduce TM9 MU-MIMO PDSCH demodulation test with Rel-13 DM-RS by modifying existing TM9 MU-MIMO demodulation test. Necessary changes are
· Configure Rel-13-DMRS-table=1 for the UE under test by RRC signaling. 

· Schedule PDSCH to UE with DCI 2C indicating 1 layer, port 7, nSCID=0 (OCC=4). 

· Transmit rank 1 TM9 PDSCH for desired UE on port 7. 

· Transmit rank 1 TM9 PDSCH for interference UE on port 8, 11 or 13. DM-RS port for interference UE transmission is selected randomly in each subframe. 

Table 2. TM9 MU-MIMO test configuration

	parameter
	Unit
	Rel-10 test
	Rel-13 test

	Downlink power allocation
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	dB
	0
	0
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	dB
	0 (Note 1)
	0 (Note 1)

	
	(
	dB
	-3
	-3

	Beamforming model
	
	Annex B.4.1
	Annex B.4.1

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports 15,…,18
	Antenna ports 15, …, 18

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

	CSI reference signal configuration
	
	3
	0

	Zero-power CSI-RS configuration

ICSI-RS /
ZeroPowerCSI-RS bitmap 
	Subframes / bitmap
	3 /

0001000000000000
	3 /

0001000000000000
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at antenna port
	dBm/15kHz
	-98
	-98

	Symbols for unused PRBs
	
	OCNG (Note 4)
	OCNG (Note 4)

	Number of allocated resource blocks (Note 2)
	PRB
	50
	50

	Simultaneous transmission
	
	Yes (Note 3, 5)
	No

	PDSCH transmission mode
	
	9
	9

	Rel-13-DMRS-table
	
	0
	1

	Note 1:
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Note 2:
The modulation symbols of the signal under test are mapped onto antenna port 7 or 8.

Note 3:
For Rel-10 test, modulation symbols of an interference signal is mapped onto the antenna port (7 or 8) not used for the input signal under test. For Rel-13 test, modulation symbols of an interference signal is mapped onto the antenna port (7, 8, 11 or 13) not used for the input signal under test. Antenna port for interference signal is randomly selected in each subframe.
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 
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 are set to 0 for CDM-multiplexed       

                 DM RS with interfering simultaneous transmission test cases.


Table 3. Minimum performance requirement
	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)
	

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

	Rel-13 test
	10 MHz
64QAM 1/2
	R.50 FDD
	OP.1 FDD
	EPA5
	2x2 Low
	70
	[21.9]
	≥2

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


2.3. Performance requirement
For newly introduced TM9 MU-MIMO demodulation test for Rel-13 DM-RS, we can specify same SNR requirement as shown in table 3 as long as FRC, propagation channel and antenna correlation are same as Rel-10 test. Since test is specified relatively at high SNR, we can assume that DM-RS port detection for MU-MIMO UE is very reliable even with increased number of MU-MIMO candidate ports. Once DM-RS port for MU-MIMO UE is correctly detected, subsequent processing for DM-RS channel estimation, MU-MIMO suppression by LMMSE processing and desired PDSCH demodulation operation would be same as Rel-10 MU-MIO demodulation. Therefore, it would be reasonable to specify same SNR requirement as Rel-10 requirement.
Proposal 2. Specify same SNR requirement as Rel-10 test under the assumption that FRC, propagation channel and antenna correlation are same as Rel-10 test. 

2.4. Test applicability

New TM9 MU-MIMO test will be applicable to Rel-13 UE that supports enhanced DM-RS while existing TM9 MU-MIMO test is applicable to legacy UE. One remaining question is whether legacy TM9 MU-MIMO test needs to be fulfilled by Rel-13 UE that supports enhanced DM-RS. In order to answer this question, we need to check whether it can be guaranteed that Rel-13 UE that meets Rel-13 TM9 MU-MIMO demodulation requirement can also meet Rel-10 TM9 MU-MIMO demodulation requirement. 
As pointed out in section 2.1, the only UE implementation change in new TM9 MU-MIMO demodulation test is DCI parsing with 4 bit DM-RS port indication field and MU-MIMO port detection from multiple candidates. 
· Since DCI parsing is simple software functionality and DCI 2C parsing with 3 bit DM-RS port indication field is also verified in other TM9 demodulation test, we don’t need to verify DCI parsing functionality in legacy TM9 MU-MIMO test. 
· If Rel-13 UE can reliably detect MU-MIMO port out of multiple candidates, we can assume that same UE can also detect MU-MIMO port when there is only one candidate. Note that MU-MIMO port candidate in legacy test is also one of three MU-MIMO port candidates in Rel-13 test. 
Proposal 3. When new TM9 MU-MIMO test is introduced, Rel-13 UE that supports enhanced DM-RS is required to fulfill only Rel-13 TM9 MU-MIMO test. Legacy TM9 MU-MIMO test is not applicable to this UE. 
3. Conclusions

In this contribution, we provided further analyses on how to introduce new TM9 MU-MIMO test with DM-RS enhancement. Our proposals are

Proposal 1. Introduce TM9 MU-MIMO PDSCH demodulation test with Rel-13 DM-RS by modifying existing TM9 MU-MIMO demodulation test. Necessary changes are

· Configure Rel-13-DMRS-table=1 for the UE under test by RRC signaling. 

· Schedule PDSCH to UE with DCI 2C indicating 1 layer, port 7, nSCID=0 (OCC=4). 

· Transmit rank 1 TM9 PDSCH for desired UE on port 7. 

· Transmit rank 1 TM9 PDSCH for interference UE on port 8, 11 or 13. DM-RS port for interference UE transmission is selected randomly in each subframe. 

Proposal 2. Specify same SNR requirement as Rel-10 test under the assumption that FRC, propagation channel and antenna correlation are same as Rel-10 test. 

Proposal 3. When new TM9 MU-MIMO test is introduced, Rel-13 UE that supports enhanced DM-RS is required to fulfill only Rel-13 TM9 MU-MIMO test. Legacy TM9 MU-MIMO test is not applicable to this UE. 
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