3GPP TSG-RAN WG4 #79AH
R4-79AH-0012
Hong Kong, China, 28th – 30th June 2016
Agenda item:
4.3.4
Source: 
Qualcomm Incorporated
Title: 
Simulation results for measurement restriction test
Document for:
Discussion
1. Introduction
In RAN4 #79, there was further discussion on performance requirements on Rel-13 FD-MIMO feature and WF in [1] was agreed. For channel and interference measurement restriction, following agreements were reached.
· Test metrics
· Reusing existing static CQI test metric i.e. Reporting spread of CQI value + BLER requirements 
· Test Set-up for Channel measurement restriction test
· 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
· [ -12dB -9dB] for further down-selection
· Make decision for value in next RAN4 meeting based on companies simulation results
· Scheduled PDSCH will skip even CSI-RS sub-frame
· CQI reported based on odd CSI-RS sub-frames
· Test Set-up for Interference measurement restriction test:
· Reusing test parameters for existing TM10 static CQI test as specified in TS36.101 9.2.4 with below modification: 
· Adjusting TP2 transmission power in even CSI-RS/CSI-IM sub-frames, transmitted power  imbalance between even CSI-RS sub-frames and other sub-frames (for TP2) is TBD
· [6dB 9dB 12dB ] higher than other sub-frames
· Make decision for value in next RAN4 meeting based on companies simulation results
· Scheduled PDSCH will skip even CSI-RS sub-frames
· CQI reported based on odd CSI-RS sub-frames
In this contribution, we provide simulation results for channel measurement restriction and interference measurement restriction test to finalize test configuration. 
2. Simulation results

2.1. Channel measurement restriction
Simulation was run for TM9 static CQI test as specified in 9.2.3 of 36.101. Table 1 summarizes test configuration. For CSI-RS configuration in even CSI-RS subframes, following options were evaluated. 

· Option 1: Transmit power of CSI-RS in even CSI-RS subframes is lower than transmit of CSI-RS in odd CSI-RS subframes by 9dB or 12dB. CSI-RS in odd subframes are transmitted at nominal power level, i.e., same power level as CRS. 
· Option 2: CSI-RS in even CSI-RS subframes is sign flipped version of CSI-RS in odd CSI-RS subframes. 
Option 1 is what was agreed in WF [1] and option 2 is alternative method to achieve large CQI separation between specification compliant and non-compliant UE implementation. Note that increasing CSI-RS transmit power in even CSI-RS subframes was not considered since it can impact UE AGC performance. UE is expected to measures CSI based on CSI-RS in subframe 6 and periodic CSI reporting is transmitted in subframe 0 of every radio frame. 
Table 1. Test configuration for TM9 C
QI definition test in static channel

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	9

	Downlink power allocation
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	0
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	dB
	0
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	dB
	-3

	
	(
	dB
	-3

	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
	
	5/1

	CSI reference signal configuration
	
	0

	CSI-RS power imbalance
	dB
	-9dB, -12dB

0dB with sign flipping 

	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)
	dB
	7
	8
	13
	14
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	dB[mW/15kHz]
	-91
	-90
	-85
	-84

	
[image: image5.wmf])

(

j

oc

N


	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 = 10

	CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	7

	ri-ConfigIndex
	
	1

	Note 1:
Reference measurement channel RC.7 FDD according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.
Note 2:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.

Note 3:
To avoid collisions between CQI/PMI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#1 and #6 to allow periodic CQI/PMI to multiplex with the HARQ-ACK on PUSCH in uplink SF#0 and #5.


Table 2 is simulation results when UE averages CSI-RS across CSI-RS subframes. From the simulation results, we can observe that

· With -9dB or -12dB power imbalance, median CQI is reduced by 1 or 2 level when UE averages CSI-RS across CSI-RS subframes. This leads to 0% BLER for MCS selection using {median CQI, median CQI – 1, median CQI + 1}
· When CSI-RS is sign flipped with same power, median CQI is reduced by 4 or 5 level when UE averages CSI-RS across CSI-RS subframes. This leads to 0% BLER for MCS selection using {median CQI, median CQI – 1, median CQI + 1}

When CSI-RS power is reduced in even CSI-RS subframe, UE observes at most 3dB reduction in CSI-RS channel power when CSI-RS in even and odd subframes are averaged. On the other hand, when CSI-RS is sign flipped in even CSI-RS subframes, averaging of CSI-RS between even and odd subframe will lead to cancellation of CSI-RS channel and large drop in estimate CSI-RS power.
Proposal 1. Apply sign flipping to CSI-RS in even CSI-RS subframes to achieve larger CQI separation between good and bad UE implementation.  

UE that follows channel measurement restriction would report correct CQI and thus pass the CQI definition test. If UE averages CSI-RS between odd and even CSI-RS subframe, UE will report lower CQI and thus will fail BLER criterion. Therefore, we can verify correct UE implementation for channel measurement restriction by reusing existing test metric for TM9 CQI definition test. 

Proposal 2. Reuse existing test metric for TM9 CQI definition test in channel measurement restriction test. 

Table 2 Simulation results for TM9 CQI definition test with channel averaging
	CINR (dB)
	0dB power imbalance
	-9dB/-12dB power imbalance
	same power with sign flipping

	
	Med CQI
	BLER (m-1)
	BLER (m)
	BLER (m+1)
	Med CQI
	BLER (m-1)
	BLER (m)
	BLER (m+1)
	Med CQI
	BLER (m-1)
	BLER (m)
	BLER (m+1)

	-4
	3
	0
	0
	34.7
	2
	0
	0
	0
	1
	0
	0
	0

	-3
	4
	0
	0
	100
	2
	0
	0
	0
	1
	0
	0
	0

	-2
	4
	0
	0
	2.55
	3
	0
	0
	0
	1
	0
	0
	0

	-1
	5
	0
	0
	100
	3
	0
	0
	0
	1
	0
	0
	0

	0
	5
	0
	0
	18.4
	4
	0
	0
	0
	1
	0
	0
	0

	1
	6
	0
	0
	100
	5
	0
	0
	0
	2
	0
	0
	0

	2
	6
	0
	0
	23.6
	5
	0
	0
	0
	2
	0
	0
	0

	3
	7
	0
	0
	100
	6
	0
	0
	0
	2
	0
	0
	0

	4
	7
	0
	0
	0
	6
	0
	0
	0
	2
	0
	0
	0

	5
	8
	0
	0
	100
	7
	0
	0
	0
	3
	0
	0
	0

	6
	8
	0
	0
	0.746
	7
	0
	0
	0
	3
	0
	0
	0

	7
	9
	0
	0
	100
	8
	0
	0
	0
	4
	0
	0
	0

	8
	9
	0
	0
	19.6
	8
	0
	0
	0
	5
	0
	0
	0

	9
	10
	0
	0
	100
	9
	0
	0
	0
	5
	0
	0
	0

	10
	10
	0
	0
	6.43
	9
	0
	0
	0
	6
	0
	0
	0

	11
	11
	0
	0
	100
	10
	0
	0
	0
	6
	0
	0
	0

	12
	11
	0
	0
	4.8
	10
	0
	0
	0
	7
	0
	0
	0

	13
	12
	0
	0
	100
	11
	0
	0
	0
	7
	0
	0
	0

	14
	12
	0
	0
	100
	11
	0
	0
	0
	8
	0
	0
	0

	15
	12
	0
	0
	0.019
	12
	0
	0
	0
	8
	0
	0
	0


2.2. Interference measurement restriction

Simulation was run for TM10 static CQI test as specified in 9.2.4 of 36.101. Table 3 summarizes test configuration. In the test, PDSCH is transmitted from TP1, i.e., serving TP while TP2 is interference TP within same CoMP set. UE is supposed to measure interference from CRS-IM that is configured in subframe 1 and 6. For interference measurement restriction test, test set up is modified as below. 
· PDSCH transmit power from TP2 is boosted by 6dB or 9dB in subframe 6 while PDSCH transmit power in existing test set up is used in subframe 2, 3, 4, 7, 8, 9. 
· Periodic CQI reporting is transmitted in every 10 subframe in subframe. cqi-pmi-ConfigurationIndex is changed to 7 to configure periodic CQI reporting in subframe 0 in every 10 subframe. 
· Desired PDSCH from TP1 is skipped in subframe 1 and 6, i.e., PDSCH is transmitted only in subframe 2, 3, 4, 7, 8, 9.

Table 4 is simulation results when UE averages interference measurement across CSI-IM subframes. From the simulation results, we can observe that

· With 6dB interference power boosting in even CSI-IM subframe, median CQI is reduced by 1 or 2 level when UE averages interference measurement across odd and even CSI-IM subframes. 
· With 9dB interference power boosting in even CSI-IM subframe, median CQI is reduced by 2 level when UE averages interference measurement across odd and even CSI-IM subframes.

· For all power interference boosting candidate, lower CQI reporting leads to 0% BLER for MCS selection using {median CQI, median CQI – 1, median CQI + 1}. 
Proposal 3. Apply 9dB power boosting to TP2 PDSCH in even CSI-IM subframe to guarantee at least 2 CQI level difference between good and bad UE implementation.  

When 9dB power boosting is applied, TP2 transmit power is -82 or -83dBm in test 1 and -75 or -74dBm in test 2. In test 1, CINR is still 4 or 5dB and UE can have meaningful CQI measurement. However, in test 2, CINR now becomes less than -4dB and CQI measurement may become unreliable at such low CINR regime. Since CINR becomes less than -4dB in even CSI-IM subframe, CQI estimation may become unreliable. 
Proposal 4. Modify only test 1 of TM10 CQI definition test for interference measurement restriction verification. 

UE that follows interference measurement restriction would report correct CQI and thus pass the CQI definition test metric. If UE averages interference measurement between odd and even CSI-IM subframes, UE will report lower CQI and thus will fail BLER criterion. Therefore, we can verify correct UE implementation for interference measurement restriction by reusing existing test metric for TM10 CQI definition test. 

Proposal 5. Reuse existing test metric for TM10 CQI definition test in interference measurement restriction test. 

Table 3. Test configuration for TM10 CQI definition test in static channel
	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)

	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) 
	dB
	20
	6+d
	7+d
	20
	14+d
	15+d
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 in SF 2,3,4,7,8,9
	dB[mW/15kHz]
	-78
	-92
	-91
	-78
	-84
	-83
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 in SF 1,6
	
	-78
	-92+d
	-91+d
	-78
	-84+d
	-83+d
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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
	
	7
	N/A
	7
	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


Table 4 Simulation results for TM10 CQI definition test with interference averaging
	CINR (dB)
	0dB power imbalance
	6dB boosting
	9dB boosting

	
	Med CQI
	BLER (m-1)
	BLER (m)
	BLER (m+1)
	Med CQI
	BLER (m-1)
	BLER (m)
	BLER (m+1)
	Med CQI
	BLER (m-1)
	BLER (m)
	BLER (m+1)

	-4
	3
	0
	0
	34.7
	2
	0
	0
	0
	1
	0
	0
	0

	-3
	4
	0
	0
	100
	2
	0
	0
	0
	2
	0
	0
	0

	-2
	4
	0
	0
	2.55
	3
	0
	0
	0
	2
	0
	0
	0

	-1
	5
	0
	0
	100
	3
	0
	0
	0
	3
	0
	0
	0

	0
	5
	0
	0
	18.4
	4
	0
	0
	0
	3
	0
	0
	0

	1
	6
	0
	0
	100
	5
	0
	0
	0
	4
	0
	0
	0

	2
	6
	0
	0
	23.6
	5
	0
	0
	0
	5
	0
	0
	0

	3
	7
	0
	0
	100
	6
	0
	0
	0
	5
	0
	0
	0

	4
	7
	0
	0
	0
	6
	0
	0
	0
	5
	0
	0
	0

	5
	8
	0
	0
	100
	7
	0
	0
	0
	6
	0
	0
	0

	6
	8
	0
	0
	0.746
	7
	0
	0
	0
	6
	0
	0
	0

	7
	9
	0
	0
	100
	8
	0
	0
	0
	7
	0
	0
	0

	8
	9
	0
	0
	19.6
	8
	0
	0
	0
	7
	0
	0
	0

	9
	10
	0
	0
	100
	9
	0
	0
	0
	8
	0
	0
	0

	10
	10
	0
	0
	6.43
	9
	0
	0
	0
	8
	0
	0
	0

	11
	11
	0
	0
	100
	10
	0
	0
	0
	9
	0
	0
	0

	12
	11
	0
	0
	4.8
	10
	0
	0
	0
	10
	0
	0
	0

	13
	12
	0
	0
	100
	11
	0
	0
	0
	11
	0
	0
	0

	14
	12
	0
	0
	100
	11
	0
	0
	0
	12
	0
	0
	0

	15
	12
	0
	0
	0.019
	12
	0
	0
	0
	13
	0
	0
	0


3. Conclusions

In this contribution, we provided simulation results for channel and interference measurement restriction tests. Our proposals are

Proposal 1. Apply sign flipping to CSI-RS in even CSI-RS subframes to achieve larger CQI separation between good and bad UE implementation.  

Proposal 2. Reuse existing test metric for TM9 CQI definition test in channel measurement restriction test. 

Proposal 3. Apply 9dB power boosting to TP2 PDSCH in even CSI-IM subframe to guarantee at least 2 CQI level difference between good and bad UE implementation.  

Proposal 4. Modify only test 1 of TM10 CQI definition test for interference measurement restriction verification. 

Proposal 5. Reuse existing test metric for TM10 CQI definition test in interference measurement restriction test. 
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