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1. Introduction
In RAN4 #66bis, continued discussion took place to define DL CoMP CSI test case and the agreements from the discussion was captured in WF [1]. 
· Multiple CSI processing capability is tested in fading CQI test
· Pending discussion on IMR averaging
· Proper IMR usage and IMR averaging is tested in static CQI test
· Configuring multiple CSI processes to verify 7-1UE correct IMR implementation is not precluded
· Fading CQI test
· CoMP scenario 3 with colliding CRS
· FFS for timing and frequency offset in test setup
· Frequency selective fading [Clause B.2.4] channel for TP1 and wideband fading [EPA5] channel for TP2
· Baseline approach (pending the feasibility study of delta CQI metric)
· Apply Rel-10 reporting accuracy metric on one selected CSI process and distribution metric on all configured CSI processes
· Introduce delta CQI requirement to verify UE reporting accuracy for all configured CSI processes upon confirmed by simulation results
· Alternative option
· Apply Rel-10 reporting accuracy metric on at least 2 selected CSI process and distribution metric on other configured CSI processes
In this contribution, we provide further analyses on test case design for DL CoMP CSI test and provide detailed test case design. 
2. CQI test in static channel
2.1. IMR averaging

One pending issue for static CQI test design is whether to include verification of IMR averaging or not in static CQI test. There has been intensive discussion on whether interference measurement on IMR should be restricted but RAN4 could not reach an agreement yet. We provided detailed analyses on this issue in companion paper [2] and proposed that we should revisit IMR averaging issue in Rel-12 while keeping current status of unrestricted averaging for Rel-11 UE. Thus, for static CSI test design, we propose not to consider interference averaging restriction in static CQI test. 
Proposal 1: Don’t consider interference averaging restriction and configure constant interference power on IMR in static CQI test for CoMP.
2.2. Test configuration for static CQI test
It was agreed to verify UE’s multiple CSI capability in fading CQI test. Thus, it would suffice to configure single CSI process in static CQI test. Figure 1 illustrates CSI-RS configuration for static CQI test. TP1 is serving cell TP and TP2 is non-serving cell TP. Note that the configuration is CoMP scenario 4 and CRS is transmitted only from TP1. In measurement SF, it is assumed that both TP1 and TP2 are transmitting DM-RS PDSCH with fixed precoding. Assuming that Noc=-98dBm/kHz, Es1=-83dBm/kHz and Es2=-88dBm/kHz, ideal interference power that would be measured on different resources can be calculated as following. 

· On IMR1, both Noc and Es2 are observed as interference. Thus, noise/interference power measured on IMR1 would be -87.586 dBm/kHz.

· On CRS and CSI-RS, only Noc is observed as noise/interference. Thus, noise/interference power measured on those resources would be -98 dBm/kHz

Thus, if we define a CQI test wherein UE is configured to measure noise/interference from IMR1, we can verify if UE are using correct IMR for CSI calculation. Any UE measuring noise/interference from CRS or CSI-RS would underestimate noise/interference power and fail the test. Table 1 shows CSI process to be configured in the test and expected CINR. If UE measures noise/interference power from CRS or CSI-RS, measured CINR would be 15dB, which would be much higher than expected CINR of 4.586dB.
In the test, UE is configured to report CQI for one CSI process. TE will transmit PDSCH from TP 1 with MCS that is determined according to the reported CQI. In SF with PDSCH transmission, TP2 will transmit TM9 PDSCH with fixed precoding to emulate the interference condition. Reported CQI and PDSCH BLER would be recorded during the test. We will be able to use same BLER and CQI distribution requirement as TM9 CQI test in static channel. Since only one CSI process is configured in the test, same test can be applied for both 7-0 and 7-1 capability UE. 
Table 1. CSI process configuration for static CQI test
	CSI process
	NZP-CSI-RS
	IMR
	signal power (dBm/kHz)
	noise power (dBm/kHz)
	CINR (dB)

	0
	TP1
	IMR1
	-83.0
	-87.586
	4.586
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Figure 1. Measurement subframe CSI-RS configuration for static CQI test
2.3. Antenna configuration and PMI
For TM9 static CQI test, 4x2 antenna configurations is used with static propagation channel defined in B.1 of 36.101. 
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Also, fixed precoding is used with PMI=8, i.e., following precoding matrix is applied at the transmitter. 

[image: image3.wmf]0.50.5

0.50.5

1

0.50.5

2

0.50.5

d

éù

êú

êú

=

êú

-

êú

-

ëû

W


Thus, UE will observe effective channel of 
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When interference signal is added in static channel, there could be a problem of beamforming direction alignment problem between serving TP and interference TP signal. In order to avoid the problem, we propose to use rank 2 interference with following PMI and channel. 

[image: image5.wmf]1

1

i

j

j

éù

=

êú

-

ëû

H



[image: image6.wmf]11

1

2

i

jj

éù

=

êú

-

ëû

W


Then, effective channel for interference signal would be
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With this configuration, independent interference will be observed at UE’s two Rx antenna and there would be no BF alignment issue. 
Proposal 2: For static CQI test, configure rank 2 interference with antenna configuration and fixed PMI recommended in section 2.3. 
2.4. Test framework
Table 2 lists test parameters for DL CoMP CQI test in static channel based on above discussion. Please note that 
· 4x2 or 8x2 antenna configurations are used for serving TP and 2x2 antenna configurations is used for interference TP.
· Timing offset and frequency offset between TP1 and TP2 are 2.0 us and 30Hz. 

· For FDD, PDSCH is scheduled in every SF except for SF 0 and 5. CSI-RS is configured in SF 4 and 9.  For TDD, PDSCH is scheduled in SF 3, 4, 8 and 9. CSI-RS is configured in SF 4 and 9. 
Table 2. Test parameters for DL CoMP CQI test in static channel

	
	FDD
	TDD

	Transmission mode
	TM10
	TM10

	System bandwidth
	10MHz
	10MHz

	Cyclic prefix
	normal
	normal

	UDL configuration
	N/A
	2

	special SF configuration
	N/A
	4

	Number of TPs
	2
	2

	CRS transmission
	TP1 cell ID 0
TP2 cell ID 0
no CRS transmission from TP2
	TP1 cell ID 0
TP2 cell ID 0

no CRS transmission from TP2

	Number of PDCCH symbols
	2
	2

	TP for PDSCH transmission
	TP1: PDSCH to be decoded
TP2: interference PDSCH
	TP1: PDSCH to be decoded

TP2: interference PDSCH

	antenna configuration
	TP1: 4x2
TP2: 2x2
	TP1: 8x2
TP2: 2x2

	propagation channel
	static channel defined in B.1 of 36.101 for both TP1 and TP2
	static channel defined in B.1 of 36.101 for both TP1 and TP2

	Timing offset between TPs 
	2.0 us
	2.0 us

	Frequency offset between TPs
	30 Hz
	30 Hz

	PDSCH rank
	2
	2

	CSI feedback configuration
	PUCCH 1-1
	PUCCH 1-1

	NZP-CSI-RS
	Number of CSI-RS ports: 4

TP 1 resource config: 4

TP 1 SF config: 4
	Number of CSI-RS ports: 8

TP 1 resource config: 4

TP 1 SF config: 4

	IMR
	IMR resource config: 1

IMR SF config: 4
	IMR resource config: 1

IMR SF config: 4

	precoding
	TP1: 0x0000 0000 0100 0000
TP2: 0x20
	TP1: 0x0000 0000 0020 0000 0000 0001 0000
TP2: 0x20


3. CQI fading channel test
The purpose of CQI fading channel test is to verify CQI accuracy measured from CSI-RS and IMR. It was also agreed UE’s multiple CSI process capability is verified in fading CQI test. 
3.1. Test scenario and configuration

Figure 2 depicts agreed fading CQI test configuration. TP1 is serving TP and transmits PDSCH to be decoded according to CSI feedback. TP2 is interfering TP and transmits fixed MCS interference PDSCH. Signal from TP1 is going through frequency non-selective fading channel and signal from TP2 is going through frequency selective fading channel. 
3.2. Propagation channel
For TM9 UE, CQI test in frequency non-selective fading channel is defind with 4x2 or 8x2 antenna configuration with EPA5 propagation channel. For CQI test in frequency selective fading channel, 2x2 antenna configuration is used with two tap multipath propagation channel. High spatial correlation channel is used in both fading CQI test since we can maintain time or frequency selectivity of SISO channel by eliminating spatial diversity between MIMO links. 
However, for TM10 fading CQI test, configuring high correlation propagation channel for both TPs might cause beamforming direction alignment issue. In static CQI test, we avoided the problem by specifying rank 2 interference with specific precoding and static propagation channel. However, we cannot rely on same method in fading CQI channel since we have to use fading channel for both TP1 and TP2. Here, we propose to use propagation channel with low spatial correlation in fading CQI test. With low spatial correlation, beam direction will be randomized over time between TP1 and TP2 and it would be easier to determine performance requirement based on simulation alignment among companies. For propagation channel for TP2, we also propose to use ETU5 channel instead of two tap multipath channel since it is challenging to define low correlation channel with two tap multipath channel model. Except for these changes, we will be able to reuse same antenna configuration and propagation channel as what is already defined for TM9 fading CQI test. 

Proposal 3: Define CQI fading channel test in propagation channels with low spatial correlation. 

Proposal 4: For frequency selective channel, use ETU5 instead of two tap multipath channel. 
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Figure 2. Test configuration for CoMP CQI fading channel test
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Figure 3. CSI-RS configuration in fading CQI test. 

3.3. Test framework

Based on the discussion above, we propose test framework listed in table 4 for CoMP CQI test in fading channel. Please note that

· Timing offset and frequency offset between TP1 and TP2 are 2.0 us and 30Hz. 

· CSI reporting mode of PUSCH 3-1 is configured to report subband CQI and reporting mode of PUCCH 1-1 is configured for WB CQI. 
· In the test, PMI is fixed by codebook subset restriction. Thus, PMI selection aspect of CSI feedback is not tested. 
· CSI feedback for CSI process 0 is used for PDSCH scheduling in TP1. 

· For other CSI processes, only CQI statistics are collected. 

· CINR for TP1 is 15dB and CINR for TP2 is 10dB. Assuming that Noc=-98dBm/Hz, configured CSI process and expected CINR for each CSI process can be calculated as in table 3.
Table 3. Expected CINR for configured CSI processes

	CSI process
	NZP-CSI-RS
	IMR
	signal power (dBm/kHz)
	noise power (dBm/kHz)
	CINR (dB)

	0
	TP1
	IMR1
	-83.0
	-87.586
	4.586

	1
	TP1
	IMR3
	-83.0
	-98.0
	15.0

	2
	TP2
	IMR2
	-88.0
	-82.865
	-5.135

	3
	TP2
	IMR3
	-88.0
	-98.0
	10.0


Table 4. Test parameters for DL CoMP CQI test in fading channel

	
	FDD
	TDD

	Transmission mode
	TM10
	TM10

	System bandwidth
	10MHz
	10MHz

	Cyclic prefix
	normal
	normal

	UDL configuration
	N/A
	2

	special SF configuration
	4
	4

	CRS transmission
	TP1 cell ID 0
TP2 cell ID 6
	TP1 cell ID 0
TP2 cell ID 6

	CINR
	TP1: 15dB

TP2: 10dB
	TP1: 15dB

TP2: 10dB

	Number of PDCCH symbols
	3
	3

	antenna configuration
	TP1: 4x2
TP2: 2x2
	TP1: 8x2
TP2: 2x2

	propagation channel
	TP1: EPA5 low correlation
TP2: ETU5 low correlation
	TP1: EPA5 low correlation

TP2: ETU5 low correlation

	Timing offset between TPs 
	2.0 us
	2.0 us

	Frequency offset between TPs
	30 Hz
	30 Hz

	PDSCH allocation
	6 PRB in SF 1, 2, 3, 4, 6, 7, 8, 9

no PDSCH in SF 0, 5
	6 PRB in SF  3, 4,  8, 9

no PDSCH in other SFs

	MCS
	SB CQI vs median WB CQI
	SB CQI vs median WB CQI

	SB selection for PDSCH transmission
	best SB vs random SB
	best SB vs random SB

	precoding
	TP1: 0x0000 0000 0000 0001

TP2: 0x01
	TP1: 0x0000 0000 0020 0000 0000 0001 0000
TP2: 0x01

	Max num HARQ transmission
	1
	1

	PDSCH rank
	TP1: 1

TP2: 1
	TP1: 1

TP2: 1

	TP1 NZP-CSI-RS
	Number of CSI-RS ports: 4

resource config: 0

SF config: 4
	Number of CSI-RS ports: 8

resource config: 0

SF config: 4

	TP2 NZP-CSI-RS
	Number of CSI-RS ports: 2

resource config: 5

SF config: 4
	Number of CSI-RS ports: 2

resource config: 5

SF config: 4

	IMR
	IMR 1 resource config: 1

IMR 2 resource config: 4

IMR 3 resource config: 9

SF config: 4
	IMR 1 resource config: 1

IMR 2 resource config: 4

IMR 3 resource config: 9

SF config: 4

	CSI process 0 configuration
	signal : TP1 NZP-CSI-RS
interference : IMR 1

CSI mode : PUSCH 3-1
	signal : TP1 NZP-CSI-RS

interference : IMR 1
CSI mode : PUSCH 3-1

	CSI process 1 configuration
	signal : TP1 NZP-CSI-RS

interference : IMR 3

CSI mode : PUCCH 1-1
	signal : TP1 NZP-CSI-RS

interference : IMR 3

CSI mode : PUCCH 1-1

	CSI process 2 configuration
	signal : TP2 NZP-CSI-RS

interference : IMR 2
CSI mode : PUSCH 3-1
	signal : TP2 NZP-CSI-RS

interference : IMR 2
CSI mode : PUSCH 3-1

	CSI process 2 configuration
	signal : TP2 NZP-CSI-RS

interference : IMR 3
CSI mode : PUSCH 3-1
	signal : TP2 NZP-CSI-RS

interference : IMR 3
CSI mode : PUSCH 3-1

	Number of CRS ports
	2
	2


3.4. Simulation result
Simulation was run to verify feasibility of proposed fading CQI test under the test condition listed in table 4. Both CQI distirbution, BLER and PDSCH throughput gain test is run for CSI process 0 while only CQI distribution is verified for CSI process 1, 2 and 3. 
3.4.1. BLER and throughput gain
We need to check SB CQI accuracy using BLER and throughput gain of PDSCH scheduled according to CSI process 0 CSI report. For CSI process 0, UE observes frequency non-selective desired signal and frequency selective interference, which leads to frequency selective SB CQI. Thus, CSI process 0 is ideal for verifying accuracy of subband interference measurement from IMR. For PDSCH scheduling based on SB CQI, it is required that BLER is larger than 5% and throughput gain of best subband scheduling relative to random subband scheduling is larger than 1.1. Table 5 summarizes BLER and throughput gain performance with SB CQI scheduling. We can see UE can meet performance requirements with margin. 
Table 5. BLER and throughput gain with SB CQI scheduling

	BLER
	Tput with best SB scheduling
	Median WB CQI
	Tput with random SB scheduling
	Tput gain

	11.9%
	1.12 Mbps
	7
	0.682 Mbps
	1.64


3.4.2. CQI distribution
For each CSI process, UE also needs to meet CQI distribution requirement. For CSI process with WB CQI feedback, it is required that CQI tail probability is larger than 20%. For CQI processes with SB CQI feedback, it is required that SB offset 0 probability is between 2% and 40% for each subband. 
Probability of WB CQI not falling in the set {median CQI-1, median CQI+1} for CSI process 1 is 12.4%, which is less than requirement of 20%. Also for SB CQI reporting, probability of SB offset 0 is very close to or larger than 40% as shown in table 6. This happens because we are using low correlation channel instead of high correlation channel in the test. Low correlation channel provides spatial diversity that can reduce CQI spread in time or frequency domain. Thus, we should change the CQI distribution requirement for both WB CQI and SB CQI test. 
Proposal 5: Modify the requirement on WB CQI tail probability and SB CQI offset 0 probability in consieration of reduced CQI spread in low correlation channel. 

Table 6. SB offset 0 probabilities
	CSI process
	SB 0
	SB 1
	SB 2
	SB 3
	SB 4
	SB 5
	SB 6
	SB 7

	0
	27.6
	29.7
	36.8
	35.3
	33.9
	33.6
	31.8
	24.7

	2
	26.7
	27.2
	28.3
	28.3
	29.5
	30.6
	27.5
	27.3

	3
	42.7
	39.7
	42.1
	39.8
	44.1
	42.3
	45.9
	43.4


3.4.3. WB CQI distribution

Figure 4 shows WB CQI distribution for 4 CSI processes configured for the tests. There is clear WB CQI separation between CSI process 0 and CSI process 1, which corresponds to the case of desired signal from TP1 and active or muted interference from TP2. Also, we can observe clear WB CQI separation between CSI process 2 and CSI process 3, which corresponds to the case of desired signal from TP2 and active or muted interference from TP1. We can also observe CQI separation between CSI process 0 and 3 due to difference in configured CINR but the separation is not as large as those observed between CQI process 0 and 2 or CQI process 2 and 3. 

Proposal 6: Define CQI delta metric between CSI process 0 and 1 and CSI process 2 and 3. FFS for CQI delta metric between CSI process 0 and 3. 
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Figure 4. CDF of WB CQI for fading CQI test

4. Conclusion 

 In this contribution, we provided further details of CoMP CSI test. We also provided initial simulation results to study the feasibility of fading CQI test. Our proposals are 

Proposal 1: Don’t consider interference averaging restriction and configure constant interference power on IMR in static CQI test for CoMP.
Proposal 2: For static CQI test, configure rank 2 interference with antenna configuration and fixed PMI recommended in section 2.3. 
Proposal 3: Define CQI fading channel test in propagation channels with low spatial correlation. 

Proposal 4: For frequency selective channel, use ETU5 instead of two tap multipath channel. 

Proposal 5: Modify the requirement on WB CQI tail probability and SB CQI offset 0 probability in consieration of reduced CQI spread in low correlation channel. 

Proposal 6: Define CQI delta metric between CSI process 0 and 1 and CSI process 2 and 3. FFS for CQI delta metric between CSI process 0 and 3. 

We recommend considering our proposals and test framework in the discussion to define DL CoMP CSI test. 
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