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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 Measurement restriction:
· Verify channel and interference measurement restriction functionality to verify following NW configuration when performing CSI measurement
In this contribution, we provide overview on test case design for MR of both channel part and interference part.
2 Discussion
Test Applicability
MR (measurement restriction) was an independent feature introduced under Rel13 FD-MIMO WI for CSI calculation. One RRC parameter for channel measurement (for class B only) and one RRC parameter for interference measurement (for classes A&B) are provided to enable/disable MR. 

Once MR on channel part is configured, the channel used for CSI computation can be estimated from 1 NZP CSI-RS sub-frame. If MR on interference measurement is ON, then the interference used for CSI computation can be estimated from 1 CSI-IM sub-frame.

For measurement restriction-Inference part, considering only TM10 supported this feature, we proposed to introduce Measurement restriction for Inference part under TM10. 

For measurement restriction-channel part, TM9 and TM10 are independently configured. We preferred only introducing measurement restriction for channel part under TM9. With such proposal, no test case applicable for UE which support MR for channel part under TM10 meanwhile not supported in TM9. However the reality of such type of UE is questionable, it’s straightforward if UE supported MR for channel part under TM10 which can support this for TM9 also.
Proposal1: introducing separate test cases for MR-channel part and MR-interference part

· MR test for channel part under TM9

· MR test for interference part under TM10

Furthermore, considering measurement restriction is an optional feature in Rel-13. For MR test for channel part, we can introduce new test case based on the existing TM9 static CQI test specified in 9.2.3 with updated test configuration.  For MR test for interference part, we can introduce new test case based on the existing TM10 static CQI test specified in 9.2.4 with updated test configuration.  Then depending on UE capability, we pick up either existing test cases or new test cases for UE to pass.
Proposal2: introducing new test cases based on existing TM9 and TM10 static CQI test as specified in 9.2.3 and 9.2.4 of TS36.101.
· 
Depending on UE capability to pass either existing test case or new test case 
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-frame. 
As shown in table 1 below, different transmitted power was configured in different CSI sub-frame sets i.e.:

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

· NZP CSI-RS with transmit power PS1 at SF1#, #11 with 10ms periodicity (CSI sub-frame Set1)
· NZP CSI-RS with transmit power PS2 at SF6#, #16 with 10ms periodicity  (CSI sub-frame Set2)
· PDSCH/DMRS configuration
· Scheduled PDSCH/DMRS was transmitted in non CSI-RS  sub-frames, SF#2,3,4 and SF#7,8,9
· Transmit power for PDSCH/DMRS is configured as PS1
· PDSCH transmission following reported CQI which measured from valid downlink CSI-RS sub-frames at SF1#, #11
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Following above test configuration, SNR for different sub-frames can be calculated as below:
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Then assuming transmitted Power PS1 is [6] dB large then PS2. If UE improperly apply averaging between adjacent CSI-RS sub-frames under NW signalling ‘Channel-Measurement-Restriction’ enable, the estimated SNR /CQI is lower than actual SNR condition for scheduled PDSCH transmission sub-frames.  As a result, the BLER of median CQI and (median CQI + 1) is expected to be almost 0.0. Thus, such UE can’t fulfill BLER requirement and fail the test. 
For detailed test metric, based on existing test metric can be adjusted below:

1) Reporting spread of CQI value. (CQI measured from downlink CSI-RS sub-frame Set1)
2) BLER performance using reported median CQI +1 and median CQI-1 (CQI measured from downlink CSI-RS sub-frame Set1)
Furthermore, additional test metric: delta CQI between adjacent CSI-RS sub-frames can be introduced. 
The benefit of above test case design is that we can reuse test configurations of current TM9 static CQI test in chapter 9.2.3 of TS 36.101 as much as possible i.e. SNR levels, MIMO configurations, Rank2 transmission since PDSCH transmission condition can be set as the same as current TM9 static CQI test. Table below gives detailed test configurations based on existing 9.2.3 FDD test.
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

	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 (Note3)

	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 = 5

	CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	2

	ri-ConfigIndex
	
	1


2.2 Test case design-Interference Part
Similar as above proposed test case design for channel part, we can introduce new test case based on existing TM10 static CQI test case as defined in TS36.101 9.2.4. Legacy test metric, CQI distribution and BLER requirement can be reused.
We can apply different interference levels for CSI-IM in different 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 SF#1, #11 with 10ms periodicity (CSI-IM sub-frame Set1)
· TP2 transmit interference  with transmitted Power PInt1 at SF#2,3,4,7,8,9 …(Scheduled PDSCH sub-frames)
· TP2 transmit interference  with transmitted Power PInt2 at SF#6,#16 with 10ms periodicity (CSI sub-frame Set1)
· 
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· 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 valid downlink CSI-RS sub-frames at SF1#, #11
	Iot Level
	NZP CSI-RS resource 1
	IMR1 in CSI-IM sub-frame Set1 
	Other REs

	CSI Subframe Set1
	Noc
	Noc+PInt1
	Noc+PInt1

	CSI Subframe Set2
	Noc
	Noc+PInt2
	Noc+PInt2

	PDSCH Subframe
	N/A
	N/A
	Noc+PInt1


Following above test configuration, SINR for different sub-frames can be calculated as below:


[image: image9.wmf]2

2

2

_

1

1

1

_

Int

S

Int

OC

S

Set

RS

CSI

Int

S

Int

OC

S

PDSCH

Set

RS

CSI

P

P

P

N

P

SNR

P

P

P

N

P

SNR

SNR

»

+

=

»

+

=

=

-

-


Then assuming PInt1 is [6] dB less than PInt2. If UE improperly apply averaging between adjacent CSI-RS sub-frames under NW signaling ‘Interference-Measurement-Restriction’ enable, the estimated SNR /CQI is lower than actual SNR condition for scheduled PDSCH transmission sub-frames.  As a result, the BLER of median CQI and (median CQI + 1) is expected to be almost 0.0. Thus, such UE can’t fulfill BLER requirement and fail the test. 
Table below gives detailed test configurations based on existing 9.2.4 FDD test.
Table 2: 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)

	I-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) 
	SF#6, 16,..
	dB
	20
	6
	7
	20
	14
	15

	
	Other SFs
	
	20
	12
	13
	20
	20
	21
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	SF#6, 16,..
	dB[mW/15kHz]
	-78
	-92
	-91
	-78
	-84
	-83

	
	Other SFs
	
	-78
	-86
	-85
	-78
	-78
	-77
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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 = 5
	N/A
	Npd = 5
	N/A

	CQI Delay
	ms
	8
	N/A
	8
	N/A

	cqi-pmi-ConfigurationIndex
	
	2
	N/A
	2
	N/A

	ri-ConfigIndex
	
	1
	N/A
	1
	N/A

	PDSCH scheduled sub-frames
	
	2,3,4,7,8,9
	1,2,3,4,6,7,8,9
	2,3,4,7,8,9
	1,2,3,4,6,7,8,9

	Timing offset between TPs
	us
	0
	0

	Frequency offset between TPs
	Hz
	0
	0


3 Conclusion
In this contribution, we provide overview on test case design for MR of both channel part and interference part.

Proposal1: introducing separate test cases for MR-channel part and MR-interference part

· MR test for channel part under TM9

· MR test for interference part under TM10

Proposal2: introducing new test cases based on existing TM9 and TM10 static CQI test as specified in 9.2.3 and 9.2.4 of TS36.101.

· 
Depending on UE capability to pass either existing test case or new test case 
Proposal3: For Measurement restriction-channel part, adjusting transmitted power of NZP CSI-RS resource in adjacent CSI-RS sub-frames.

Proposal4:  For Measurement restriction-interference part, adjusting interference levels of CSI-IM resource in adjacent CSI-RS sub-frames.
Proposal5: Existing test metric for static CQI test can be reused: 

1) Reporting spread of CQI value.
2) BLER performance using reported median CQI +1 and median CQI-1
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