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1
Introduction
DL CoMP CSI test discussion was initiated in RAN4#64bis and in RAN#65, it was agreed to introduce CSI tests under CoMP for the following purposes: 
a. Proper IMR usage 
b. UE processing capability for multiple CSI processes 
c. Reporting CSI accuracy
With this goal, a way forward document was established in RAN4#66 encouraging companies to provide tests for static and fading CQI scenarios [1]. In this contribution, we provide our views on the CSI test cases, including:

· Design of a static test for verifying proper IMR usage
· Discussion on fading test design for verifying CSI reporting accuracy 
For the static test, we present initial results gathered from our simulations based on the framework document [2]. For the fading test, we present our views on some aspects of the test.

2
Static test
2.1 General configuration 

The purpose of the static test is to verify proper UE behaviour when measuring interference using CSI-IM in transmission mode 10. The static test should be design such that a UE using other RS-based methods (such as CRS, NZP CSI-RS) fails the test. We adopt the method in [3] to design the static test under a single CSI process. Similar to [3], we believe that multiple CSI process capability should be deferred to more involved fading test cases. To account for CSI-RS transmissions we propose an adaptation of the TM9 static CQI test 36.101 PUCCH 1-1 (FDD) [4] to TM10. The general configuration is as follows:

· As shown in Fig 1, two TPs are configured where TP1 is interference and TP2 is main (PDSCH). TP1 operates under TM3 with OCNG and CRS2 transmissions while TP2 operates under TM10 with PDSCH, CSIRS, DMRS and CRS1 transmissions. 

· Use the static 4x2 channel defined in Annex B.1 of [3] for both TPs: 
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· As shown in Fig 3, TP2 is configured with one NZP CSI-RS resource coupled with one CSI-IM resource. Together, these resources define a single “CSI process” used for static CQI testing.
· In scheduling subframes, we choose a fixed transmission scheme under TM10 (2 layer with fixed PMI) for TP2 while TP1 transmits OCNG with TM3. The corresponding median CQI is defined as the “reference CQI”.
· For test metrics, the reference CQI should satisfy the Rel-8/10 requirements of PUCCH 1-1 [4]:

1. The wideband CQI1 shall be within the set {median CQI1 -1, median CQI1 +1} for more than 90% of the time.
2. For both codewords #0 and #1, the PDSCH BLER using the transport format indicated by the respective median CQI0 – 1 and median CQI1 – 1 shall be less than or equal to 0.1.

3. For both codewords #0 and #1, the PDSCH BLER using the transport format indicated by the respective median CQI0 + 1 and median CQI1 + 1 shall be greater than or equal to 0.1.
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Fig 1: Static test setup - TP1 interferer (OCNG) + TP2 main (PDSCH)
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Fig 2: Static test setup – CSI process resource grid


2.2 Reference CQI calculation
We conduct link level simulations to determine the testing SNR and reference CQI points. In addition to the general configuration explained above, we use the assumptions in Annex A derived from 36.101 PUCCH 1-1 (FDD) [4]. To simplify the test, we fix the interference power to 3 dB above noise, i.e. INR = 3 dB. This leads to various SINR realizations at the UE with corresponding reference (median) CQI values. The UE may use the following methods of interference+noise measurement. Table 1 tabulates our simulation results for the first three methods.
1. Ideal SINR: UE has perfect knowledge of interference+noise power.
2. CRS: UE estimates interference+noise power using CRS patterns. By setting [TP1 cell ID] = [TP2 cell ID] mod 6, i.e. colliding CRS, the power measurement in this case will not reflect the true interference seen on the PDSCH. As a result, the UE will likely overestimate the interference power and hence report a lower than expected CQI value. To further highlight this phenomenon we set CRS power boosting to +3dB for TP2.
3. IMR: UE estimates interference+noise using CSI-IM measurement on the RE shown in Fig 2. 
4. NZP CSI-RS: UE estimates interference+noise power using NZP CSI-RS patterns relating to the main TP (e.g. NZP CSI-RS 0 in Fig 2). Since the interference TP is expected to allocate ZP CSI-RS resources corresponding to the NZP CSI-RS pattern from the main TP, the NZP CSI-RS resources cannot be used by the UE for proper estimation of interference power. 
Observation 1:

· Using colliding CRS patterns (along with CRS power boosting) in static CQI tests is desirable since it leads to overestimation of interference power, hence underestimation of reference CQI values, and possible test failures for UEs configured to use CRS-based methods of interference estimation in TM10.
Table 1: Static test simulation results - Median CQI vs. SINR
	INR
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	SNR
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	SINR
	-1.8
	-0.8
	0.2
	1.2
	2.2
	3.2
	4.2
	5.2
	6.2
	7.2
	8.2
	9.2

	
	Reference (median) CQI 

	1. Ideal SINR
	5
	5
	5
	6
	7
	7
	8
	8
	8
	9
	10
	10

	2. CRS (+3dB)
	4
	4
	5
	5
	5
	6
	6
	7
	7
	7
	8
	8

	3. CSI-IM
	5
	5
	5
	6
	7
	7
	8
	8
	8
	9
	10
	10

	
	
	
	
	
	Test 1
	
	
	
	
	Test 2


2.3 Static test outcome
We select 4 SNR points from Table 1 to construct 2 test cases. Test 1 (SNR = 7, 8 dB) may be viewed as a test for medium/high interference environments such as ones experienced by UEs in a cell-range extension regimes, while test 2 (SNR = 13, 14 dB) may be viewed as a test for low interference environments where the SINR is relatively high. The CRS-based method uses RS patterns boosted by 3dB relative to PDSCH REs at TP1. Given that the CRS patterns of TP1 and TP2 are colliding, this increases the interference power on the CRS and results in more conservative CQI reporting. We make the following observations:
Observation 2:

· Across a wide range of SNR (and SINR), the CSI-IM based approach to measuring interference+noise leads to accurate CQI reporting results when compared to the ideal case. This verifies the proper usage of IMR at the UE. 
Observation 3:

· CRS (with power boosting) leads to conservative CQI reporting when the CRS patterns are colliding.
Table 3: Static test results: CRS based measurement
	
	Test 1
	Test 2

	
	SNR (dB)
	7
	8
	13
	14

	
	Reported median CQI1 index (from Table 1)
	5
	6
	8
	8

	
	BLER using median CQI1 and median CQI2 
	[0,0]
	[0,0]
	[0,0]
	[0,0]

	1
	Ratio of reported CQI1 in the range of [medianCQI1-1: medianCQI1+1]
	1
	1
	1
	1

	
	If requirement (>90%) is met
	YES
	YES
	YES
	YES

	2
	BLER using median CQI1-1 and median CQI2-
	[0,0]
	[0,0]
	[0,0]
	[0,0]

	
	If requirement (<0.1) met
	YES
	YES
	YES
	YES

	3
	BLER using median CQI1+1 and median CQI2+1 
	[0,0]
	[0,0]
	[0,0]
	[0,0]

	
	If requirement (>0.1) met
	NO
	NO
	NO
	NO

	
	If test passed at SNR
	NO
	NO
	NO
	NO

	
	Test case passed
	NO
	NO


Table 3 and 4 show the static test outcomes for conditions in 36.101 PUCCH 1-1 (FDD) for the CRS and CSI-IM based methods, respectively. The outcomes of the tests verify the proper usage of IMR at the UE for the static test.
Table 4: Static test results: CSI-IM based measurement
	
	Test 1
	Test 2

	
	SNR (dB)
	7
	8
	13
	14

	
	Reported median CQI1 index (from Table 1)
	7
	7
	10
	10

	
	BLER using median CQI1 and median CQI2 
	[0.02,0.01]
	[0,0]
	[0.28,0.26]
	[0,0]

	1
	Ratio of reported CQI1 in the range of [medianCQI1-1: medianCQI1+1]
	1
	1
	1
	1

	
	If requirement (>90%) is met
	YES
	YES
	YES
	YES

	2
	BLER using median CQI1-1 and median CQI2-
	[0,0]
	[0,0]
	[0,0]
	[0,0]

	
	If requirement (<0.1) met
	YES
	YES
	YES
	YES

	3
	BLER using median CQI1+1 and median CQI2+1 
	[1,1]
	[0.26,0.26]
	[1,1]
	[0.25,0.24]

	
	If requirement (>0.1) met
	YES
	YES
	YES
	YES

	
	If test passed at SNR
	YES
	YES
	YES
	YES

	
	Test case passed
	YES
	YES


3
Fading test
For CSI tests the CSI-IM averaging behavior is currently under discussion by RAN4 since current RAN1 specifications leave UE the freedom of how to perform interference measurement based on the CSI-IMR.  The optimal value of interference averaging window (observation interval) depends on CSI reporting periodicity and interference statistics [5]. Therefore, the fading test case outcome will depend on the decision on the CSI-IM averaging approach. On this issue, we share some companies’ views that it is desirable that the UE could have several different averaging lengths (if any) and that the UE should be informed of the measurement interval through RRC signaling [6].
Proposal 1:

· Allow for a resolution on the issue on CSI-IM interference averaging before specifying the fading channel test for CSI in DL CoMP.
Proposal 2:

· If the CSI-IM measurement period is to be defined, the UE should be informed of the measurement interval through RRC signaling.

4
Conclusion

We presented a static test based 36.101 PUCCH 1-1 (FDD) to verify the proper use of IMR (CSI-IM) at the UE for CQI reporting. Our test outcome showed that a UE using CRS-based method may not pass the test while UE using CSI-IM method will pass the test. We made the following observations:
Observation 1:

· Using colliding CRS patterns (along with CRS power boosting) in static CQI tests is desirable since it leads to overestimation of interference power, hence underestimation of reference CQI values, and possible test failures for UEs configured to use CRS-based methods of interference estimation in TM10.
Observation 2:

· Across a wide range of SNR (and SINR), the CSI-IM based approach to measuring interference+noise leads to accurate CQI reporting results when compared to the ideal case. This verifies the proper usage of IMR at the UE. 
Observation 3:

· CRS (with power boosting) leads to conservative CQI reporting when the CRS patterns are colliding.
We also presented our view on some aspects of CSI fading test and made the following proposals:
Proposal 1:

· Allow for a resolution on the issue on CSI-IM interference averaging before specifying the fading channel test for CSI in DL CoMP.
Proposal 2:

· If the CSI-IM measurement period is to be defined, the UE should be informed of the measurement interval through RRC signaling.
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Annex A

Simulation assumptions
Table 2: Framework for static CQI definition test based on DL CoMP deployment
	Parameter
	TP1 (Interference)
	TP2 (Main)

	Carrier frequency (GHz)
	2
	2

	System bandwidth (MHz)
	10
	10

	Cell ID
	6
	0

	Propagation channel
	[B.1 Static] 
	[B.1 Static]

	Antenna configuration
	4x2
	4x2

	SNR (seen at UE receivers)
	3 dB (INR)
	7,8,13,14 dB

	PDSCH allocation
	N/A
	50 PRB

	Transmission mode
	3
	[10]

	Cell-specific reference signals
	Antenna ports 0 1
	Antenna ports 0 1

	NZP CSI reference signals
	N/A
	Antenna ports 15-18

	Subframe Configuration for NZP CSI-RS
	1
	1

	Resource Configuration for NZP CSI-RS
	1
	0

	Subframe Configuration for IMR
	1
	1

	Resource Configuration for IMR
	1
	0

	Reporting mode for CSI process
	N/A
	1-1

	Reporting type for CSI process
	N/A
	Static fixed PMI

	Reporting periodic and offset for periodic and aperiodic reporting
	N/A
	5 ms / 1ms offset

	Interference on PDSCH SF
	N/A
	OCNG

	Interference on measurement SF
	N/A
	OCNG

	Rank
	2
	2

	PMI
	[Fixed PMI]
	[Fixed PMI]

	Cyclic prefix
	Normal
	Normal

	Number of HARQ processes
	[8]
	[8]

	Maximum number of HARQ transmission
	1
	1

	Number of OFDM symbols for PDCCH
	2
	2

	Timing offset between TPs (us)
	FFS
	FFS

	Frequency offset between TPs (Hz)
	FFS
	FFS

	Simulation length
	[10000 sub-frames]
	[10000 sub-frames]
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