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1. Introduction
In RAN4 #78, there was further discussion on performance requirements on Rel-13 FD-MIMO feature and WF in [1] was agreed. For measurement restriction, following agreement was made
· Verify channel and interference measurement restriction functionality to verify following NW configuration when performing CSI measurement
Channel measurement restriction is analyzed in our companion paper [4]. In this contribution, we provide our view on how to configure TM10 CQI test for interference measurement restriction functionality. 
2. Discussion
2.1. UE capability for interference measurement restriction
RAN1 discussed Rel-13 UE feature and sent out LS in [2]. Feature group 4-6 was defined for interference measurement restriction for TM10 UE. According to RRC signaling design in [3], interference measurement restriction can be optionally specified in CRS-IM configuration. 
CSI-IM-Config-r11 ::=

SEQUENCE {


csi-IM-ConfigId-r11


CSI-IM-ConfigId-r11,


resourceConfig-r11


INTEGER (0..31),


subframeConfig-r11


INTEGER (0..154),


...,

[[
interferenceMeasRestriction-r13

BOOLEAN

OPTIONAL
-- Need ON

]]
}
CSI-IM-ConfigExt-r12 ::=

SEQUENCE {


csi-IM-ConfigId-v1250


CSI-IM-ConfigId-v1250,


resourceConfig-r12


INTEGER (0..31),


subframeConfig-r12


INTEGER (0..154),


...,

[[
interferenceMeasRestriction-r13
BOOLEAN



OPTIONAL,
-- Need ON


csi-IM-ConfigId-v13x0

CSI-IM-ConfigId-v13x0
OPTIONAL
-- Need ON

]]
}

Note that interference measurement restriction is introduced as a generic feature independent of FD-MIMO feature. 

Observation 1. Interference measurement restriction on CSI-IM can be defined as generic feature for TM10 independent of Rel-13 FD-MIMO feature. 

In order to avoid complicated feature dependency, it would be desirable to specify separate test to verify interference measurement restriction functionality of TM10 UE. 

Proposal 1. Verify interference measurement restriction functionality of TM10 UE separately from Rel-13 FD-MIMO feature. 

In Rel-11 CoMP WI, RAN4 specified CQI definition test to verify use of IMR for TM10 CSI feedback and corresponding test was defined in 9.4.1 of 36.101. Figure 1 illustrates CSI resource configuration for TM10 CQI definition test. Test is defined with following configurations. 

· CoMP scenario 4 is assumed in the test, i.e., CRS is transmitted only from TP1. 

· TP1 is serving TP that transmits rank 2 PDSCH to UE. TP2 is non-serving TP in CoMP set that transmits rank 2 interference PDSCH with QPSK modulation. 

· TP1 is connected to UE via 4x2 static channel and TP2 is connected to UE via 2x2 static channel. 

· UE is supposed to measure CSI based on channel measurement from NZP-CSI-RS and interference measurement from IMR (CSI-IM). 

· TP1 SNR is 20dB and TP2 SNR is 6/7 dB or 14/15dB. With TP2 PDSCH acting as interference on TP1 PDSCH, CINR of TP1 PDSCH is mainly determined by TP1 and TP2 power difference. 

· PDSCH is scheduled in SF 2,3,4,7,8,9. 

· If UE measures CQI based on interference measurement form IMR, UE will measure correct CQI since noise+interference observed on IMR is same as noise+interference observed on PDSCH. 

· If UE measures CQI based on interference measurement from CRS, UE will overestimate CQI since interference from TP2 PDSCH is not observed on CRS. CQI overestimation will lead to failure in BLER criteria. 

We can modify CSI resource configuration as in figure 2 to verify interference measurement restriction for TM10 UE. In modified CSI resource configuration, PDSCH from TP2 is transmitted only in even CSI subframe. In odd CSI subframe, PDSCH from TP2 is blanked. For example, for FDD test defined in 9.2.4.1, subframe 1 and 6 is used for CSI measurement. With proposed modification, interference PDSCH from TP2 is transmitted in SF 1 but is blanked in SF 6. Also, CQI reporting periodicity is changed to 10 ms and periodic CSI reporting is transmitted in SF 5. If interference measurement restriction is configured, UE should measure interference only from CRS-IM in SF 1 to determine CQI reporting. If interference measurement in SF 1 and SF 6 is averaged, UE will overestimate CQI and thus fail BLER criterion. Table 1 is modified test configuration for TM10 CQI definition test with interference measurement restriction. 

Alternative way to implement different CINR on CRS-IM in SF 1 and CRS-IM in SF 6 is to specify different Noc value in SF 6 and other SFs. In this test set up, we have only TP1 as serving TP and TP2 is removed. Signal and noise power setting is 

· TP1 PDSCH power is -78dBm/15kHz. 

· Noc is -98dBm/15kHz in SF 6.

· In other SFs , Noc is -92/-91dBm/15kHz in test 1 and -84/-83dBm/15kHz in test 2.
Except for that, other test configuration including antenna configuration, propagation channel, CSI-RS and CSI-IM configuration, PDSCH scheduling and CSI feedback configuration is same as existing TM10 CQI definition test. 
Proposal 2. Consider following test set up for TM10 CQI test for interference measurement restriction. 

· Option 1: Blank interference TP only in odd CSI SF. 
· Option 2: Remove interference TP and configure different Noc level in even and odd CSI SF. 
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Figure 1. CSI resource configuration for existing TM10 CQI definition test
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(a) CSI resource configuration in even CSI subframe
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(b) CSI resource configuration in odd CSI subframe

Figure 2. CSI resource configuration for modified TM10 CQI definition test

Table 2. CQI definition test configuration with interference measurement restriction

	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
	7
	20
	14
	15
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	dB[mW/15kHz]
	-78
	-92
	-91
	-78
	-84
	-83
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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
	
	2
	N/A
	2
	N/A

	ri-ConfigIndex
	
	1
	N/A
	1
	N/A

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

	Timing offset between TPs
	us
	0
	0

	Frequency offset between TPs
	Hz
	0
	0

	Note1:
Reference measurement channel RC.10 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:
REs for antenna ports 0 and 1 CRS have zero transmission power.

Note 3:
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 4:
N/A.

Note 5:
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 to allow periodic CQI/PMI to multiplex with the HARQ-ACK on PUSCH in uplink #5.

Note 6: PDSCH is blanked in SF #6,


3. Conclusions

In this contribution, we provided our view on how to verify interference measurement restriction functionality. Our observations and proposals are

Observation 1. Interference measurement restriction on CSI-IM can be defined as generic feature for TM10 independent of Rel-13 FD-MIMO feature. 

Proposal 1. Verify interference measurement restriction functionality of TM10 UE separately from Rel-13 FD-MIMO feature. 

Proposal 2. Consider following test set up for TM10 CQI test for interference measurement restriction. 

· Option 1: Blank interference TP only in odd CSI SF. 

· Option 2: Remove interference TP and configure different Noc level in even and odd CSI SF. 
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