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1 Introduction

In last RAN4 meeting, such agreements were reached for Measurement restriction:
· Test case list
· 1 test case  for channel measurement restriction  under TM9 with Class B K=1 with legacy codebook
· 1 test case for interference measurement restriction under TM10 with Class B K=1 with legacy codebook
· Test applicability
· Treating Test Case for MR –channel part as a new test case 

· Depending on UE capability, once UE pass test Case for MR –interference part and then no need to pass existing TM10 static CQI test case as specified in TS36.101 9.2.4 

· Test metrics 

· Reusing existing static CQI test metric i.e. Reporting spread of CQI value + BLER requirements (baseline) 

· Other options not precluded 
· Test Methodology
· Interference measurement restriction test
· Option 1: Reusing test parameters for existing TM10 static CQI test as specified in TS36.101 9.2.4 with below modification: 
· TP2 is blanked in even CSI-RS sub-frames
· Scheduled PDSCH will skip even CSI-RS sub-frames
· CQI reported based on odd CSI-RS sub-frames
· Other options not precluded
· Channel measurement restriction test
· Option 1: Reusing test parameters for existing TM9 static CQI test as specified inTS36.101 9.2.3 with below modification: 
· Adjusting transmitted power in even CSI-RS sub-frames, Transmitted power  imbalance between even CSI-RS sub-frames and other sub-frames is TBD
· Scheduled PDSCH will skip even CSI-RS sub-frame
· CQI reported based on odd CSI-RS sub-frames
· Other options not precluded 
 In this contribution, we provide overview on test case design for MR of both channel part and interference part.
2 Discussion
2.1 Test case design-Channel Part
Static CQI test is proposed to verify proper performing CSI measurement according to NW configuration. This test could be similar to static CQI definition in Rel-10/11. The same test metrics could be re-used, i.e.

1) Reporting spread of CQI value.
2) BLER performance using reported median CQI +1 and median CQI-1
Furthermore, different transmitted power levels were proposed to be configured for NZP CSI-RS in different sub-frames to generate different SNR levels in adjacent CSI sub-frames. 
As shown in table 1 below, different transmitted power was configured in odd CSI-RS sub-frames and even CSI-RS sub-frames i.e.:

· NZP CSI-RS configured in SF#1,#6,…. (TCSI-RS / ∆CSI-RS  =5/1) with 5ms periodicity 

· Odd NZP CSI-RS sub-frames with transmit power PS1 at SF1#, #11 with 10ms periodicity 
· Even NZP CSI-RS with transmit power PS2 SF6#, #16 with 10ms periodicity 
· PDSCH/DMRS configuration
· Scheduled PDSCH/DMRS transmission skip even CSI-RS sub-frames
· Transmit power for PDSCH/DMRS is configured as PS1
· PDSCH transmission following reported CQI which measured from valid odd  CSI-RS sub-frames at SF1#, #11
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For detailed test metric, based on existing test metric can be adjusted below, CQI reporting periodicity adjusted as 10ms which CQI measured based CQI measured from odd CSI-RS sub-frames.
Following above test configuration, SNR for different sub-frames can be calculated as below:
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Assuming transmitted power imbalance between other sub frames and even CSI-RS sub-frames as
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2.1.1 Simulation assumption
Table 1: Test configuration for MR test (Channel Part)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	9

	Downlink power allocation
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	dB
	0
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	dB
	-3

	
	(
	dB
	-3

	Cell-specific reference signals
	
	Antenna ports 0, 1

	Channel-Measurement-Restriction
	
	Enable

	e-MIMO Type
	
	Class B

	CSI reference signals
	
	Antenna ports 15,…,18

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS
	
	5/1

	CSI reference signal configuration
	
	0

	Propagation condition and antenna configuration
	
	Clause B.1 (4 x 2)

	Beamforming Model
	
	As specified in Section B.4.3

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0100 0000

	SNR (Note 2)
	SF #1,11, …
	dB
	7
	8
	13
	14

	
	SF #2,3,4,7,8,9, ..
	
	7
	8
	13
	14

	
	SF#6,16, …
	
	1
	2
	7
	8
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	SF #1,11, …
	dB[mW/15kHz]
	-91
	-90
	-85
	-84

	
	SF #2,3,4,7,8,9, ..
	
	-91
	-90
	-85
	-84

	
	SF#6,16, …
	
	-97
	-96
	-91
	-90
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	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI/PMI reporting
	
	PUSCH

	PUCCH Report Type for CQI/PMI
	
	2

	Physical channel for RI reporting
	
	PUCCH Format 2

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	Npd = 10

	CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	12

	ri-ConfigIndex
	
	1


2.1.2 Simulation results

Based above proposed simulation assumption, we evaluated BLER requirements with assuming transmitted Power PS1 is [6] dB large then PS2.
In table 2 below, we summarized BLER performance. Two UE behaviors were evaluated:

· Type 1: UE following NW configurations, estimate channel  without averaging across different CSI-RS sub-frames

· Type 2: UE improperly estimate channel with averaging across adjacent  CSI-RS sub-frames  

Based simulation results, we can observe that: if UE improperly apply averaging between adjacent CSI-RS sub-frames, the estimated SNR /CQI is less than actual SNR condition for scheduled PDSCH transmission sub-frames.  As a result, the BLER of (median CQI +1) is still less than 0.1 and then UE will fail the test.

Observation 1: Test configurations and existing BLER requirements can server test purpose well for channel measurement restriction test.
Proposal1: Adjusting transmitted power of CSI-RS in even CSI-IM sub-frames compared other sub-frames i.e. 6dB lower than other sub-frames. 
Table 2 BLER Performance
	SNROdd_CSI-RS Subframes [dB]
	Measurement w/o averaging 
	Measurement with averaging

	
	Median CQI
	BELR with CQI+1
	BLER with CQI-1
	Fail/Pass
	Median CQI
	BLER with CQI+1
	BLER with CQI-1
	Fail/Pass

	7
	9
	>>0.1
	<<0.1
	Pass
	8
	<0.1
	<0.1
	Fail

	8
	9
	>>0.1
	<<0.1
	Pass
	8
	<0.1
	<0.1
	Fail

	13
	12
	>>0.1
	<<0.1
	Pass
	11
	<0.1
	<0.1
	Fail

	14
	13
	>>0.1
	<<0.1
	Pass
	12
	<0.1
	<0.1
	Fail


2.2 Test case design-Interference Part
We can apply different interference levels for CSI-IM in different CSI-IM sub-frames to generate different SNR levels in adjacent CSI-IM sub-frames. 
· 2 TPs was configured with shared Cell ID (Only TP1 transmit CRS)
· TP1 is serving cell with scheduled PDSCH transmission
· TP2 is interference TP 
· TP2 transmit interference  with transmitted Power PInt1 at even CSI-IM sub-frames and non CSI-RS sub-frames
· For odd CSI-RS sub-frames:  

· Option1: TP2 is blanked at odd CSI-IM sub-frames
· Option2: TP2 transmit interference with transmitted Power PInt2
· Non ZP CSI-RS and CSI-IM configured as 5/1 (periodicity/offset)
· PDSCH/DMRS configuration

· Scheduled PDSCH/DMRS was transmitted in non CSI-RS  sub-frames SF#2,3,4 and SF#7,8,9
· PDSCH transmission following reported CQI which measured from even CSI-RS sub-frames 
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Following above test configuration, SINR for different sub-frames can be calculated as below:
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For option 1, TP2 is blanked at even CSI-IM sub-frames, then 
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For option2, different transmitted powers for TP2 were configured for even CSI-IM sub-frames and other sub-frames as  
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2.2.1 Simulation assumption
Table below gives detailed test configurations based on existing 9.2.4 FDD test.
Table 3: Test configuration for MR test (Interference Part)
	Parameter
	Unit
	Test 1
	Test 2

	
	
	TP1
	TP2
	TP1
	TP2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	10

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

	
	Pc
	dB
	-3
	-3
	-3
	-3

	
	(
	dB
	-3
	N/A
	-3
	N/A

	Cell ID
	
	0
	0

	Cell-specific reference signals
	
	Antenna ports 0, 1
	(Note 2)
	Antenna ports 0, 1
	(Note 2)

	Interferfence-Measurement-Restriction
	
	Enable

	CSI reference signals
	
	Antenna ports 15,…,18
	N/A
	Antenna ports 15,…,18
	N/A

	CSI-RS periodicity and subframe offset  TCSI-RS / ∆CSI-RS
	
	5/1
	N/A
	5/1
	N/A

	CSI-RS configuration
	
	0
	N/A
	0
	N/A

	Zero-Power CSI-RS configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 /

0010000000000000
	1 / 1000000000000000
	1 /

0010000000000000
	1 / 1000000000000000

	CSI-IM configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 /

0010000000000000
	N/A
	1 /

0010000000000000
	N/A

	CSI process configuration

Signal/Interference/Reporting mode
	
	CSI-RS/CSI-IM/PUCCH 1-1
	CSI-RS/CSI-IM/PUCCH 1-1

	Propagation condition and antenna configuration
	
	Clause B.1 
(4 x 2)
	Clause B.1 
(2 x 2)
	Clause B.1 
(4 x 2)
	Clause B.1 
(2 x 2)

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0100 0000
	100000
	0x0000 0000 0100 0000
	100000

	SNR (Note 3) 
	Other SFs
	dB
	20
	6
	7
	20
	14
	15

	
	SF#6, 16, ..
	
	20
	Blank/14
	Blank/ 15
	20
	Blank/22
	Blank/23
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	dB[mW/15kHz]
	-98
	-98

	Modulation / Information bit payload
	
	(Note4)
	QPSK / 4392
	(Note4)
	QPSK / 4392

	Max number of HARQ transmissions
	
	1
	N/A
	1
	N/A

	Physical channel for CQI/PMI reporting
	
	PUSCH (Note5)
	N/A
	PUSCH (Note5)
	N/A

	PUCCH Report Type for CQI/PMI
	
	2
	N/A
	2
	N/A

	PUCCH Report Type for RI
	
	3
	N/A
	3
	N/A

	Reporting periodicity 
	ms
	Npd = 10
	N/A
	Npd = 10
	N/A

	CQI Delay
	ms
	8
	N/A
	8
	N/A

	cqi-pmi-ConfigurationIndex
	
	12
	N/A
	12
	N/A

	ri-ConfigIndex
	
	1
	N/A
	1
	N/A

	PDSCH scheduled sub-frames
	
	2,3,4,7,8,9
	Option1:

1,2,3,4,7,8,9

Option2: 1,2,3,4,6,7,8,9
	2,3,4,7,8,9
	Option1:

1,2,3,4,7,8,9

Option2: 1,2,3,4,6,7,8,9

	Timing offset between TPs
	us
	0
	0

	Frequency offset between TPs
	Hz
	0
	0


2.2.2 Simulation results
Based above proposed simulation assumption, we evaluated BLER requirements for these two options for interference configurations:
· Option1: TP2 blanked in even CSI-IM sub-frames

· Option2: Introducing  transmission power imbalance in even CSI-IM sub-frames and other sub-frames,  
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In table 3 and table 4 below, we summarized BLER performance for interference configuration option1 and option2. Two UE behaviors were evaluated:
· Type 1: UE following NW configurations, estimate interference without averaging across different CSI-IM sub-frames

· Type 2: UE improperly estimate interference with averaging across adjacent  CSI-IM sub-frames  

Based simulation results, we can observe that: under interference configuration option1, both UE behavior 1 and UE behavior 2 can pass BLER requirements. Considering if UE improperly apply averaging between adjacent CSI-IM sub-frames, the estimated SNR /CQI is higher than actual SNR condition for scheduled PDSCH transmission sub-frames. However SNR difference is less than 3dB which can only introduce CQI offset as 1.  As a result, the BLER of (median CQI -1) is still less than 0.1. 
For interference configuration option2, we can observed that if UE improperly apply averaging between adjacent CSI-IM sub-frames, the estimated SNR /CQI is less than actual SNR condition for scheduled PDSCH transmission sub-frames. The offset of CQI mismatch is 3 which is larger enough to discriminate UE behaviour. As a result, the BLER of (median CQI +1) is still less than 0.1, and then UE will fail the test.

Observation 2: With TP2 blanked in even CSI-IM sub-frames option, CQI mismatch is not lager enough to discriminate different UE behaviour. 
Observation 3: With introducing power imbalance for TP2 between even CSI-IM sub-frames and other sub-frames option, existing BLER requirements can serve test purpose well. 
Proposal2: Adjusting transmitted power of TP2 in even CSI-IM sub-frames compared other sub-frames i.e. 8dB larger than other sub-frames. 
Table 4 Interference configuration option1: (TP2 blanked in even CSI-RS sub-frames)
	SNRTP2 [dB]
	Measurement w/o averaging 
	Measurement with averaging

	
	Median CQI
	BELR with CQI+1
	BLER with CQI-1
	Fail/Pass
	Median CQI
	BELR with CQI+1
	BLER with CQI-1
	Fail/Pass

	15
	8
	>>0.1
	<<0.1
	Pass
	9
	>>0.1
	<0.1
	Pass

	14
	9
	>>0.1
	<<0.1
	Pass
	10
	>>0.1
	<0.1
	Pass

	7
	12
	>>0.1
	<<0.1
	Pass
	13
	>>0.1
	<0.1
	Pass

	6
	12
	>>0.1
	<<0.1
	Pass
	13
	>>0.1
	<0.1
	Pass


Table 5: Interference configuration option2: (Increasing transmitted power for TP2 in even CSI-RS sub-frames)
	SNRTP2 [dB]
	Measurement w/o averaging 
	Measurement with averaging

	
	Median CQI
	BELR with CQI+1
	BLER with CQI-1
	Fail/Pass
	Median CQI
	BELR with CQI+1
	BLER with CQI-1
	Fail/Pass

	15
	8
	>>0.1
	<<0.1
	Pass
	5
	<<0.1
	<<0.1
	Fail

	14
	9
	>>0.1
	<<0.1
	Pass
	6
	<<0.1
	<<0.1
	Fail

	7
	12
	>>0.1
	<<0.1
	Pass
	9
	<<0.1
	<<0.1
	Fail

	6
	12
	>>0.1
	<<0.1
	Pass
	9
	<<0.1
	<<0.1
	Fail


3 Conclusion
In this contribution, we provide overview on test case design for MR of both channel part and interference part.
For channel measurement restriction test such observation and proposal were given:

Observation 1: Test configurations and existing BLER requirements can server test purpose well for channel measurement restriction test.

Proposal1: Adjusting transmitted power of CSI-RS in even CSI-IM sub-frames compared other sub-frames i.e. 6dB lower than other sub-frames. 
For interference measurement restriction test such observation and proposal were given:
Observation 2: With TP2 blanked in even CSI-IM sub-frames option, CQI mismatch is not lager enough to discriminate different UE behaviour. 

Observation 3: With introducing power imbalance for TP2 between even CSI-IM sub-frames and other sub-frames option, existing BLER requirements can serve test purpose well for interference measurement restriction test. 

Proposal2: Adjusting transmitted power of TP2 in even CSI-IM sub-frames compared other sub-frames i.e. 8dB larger than other sub-frames. 
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