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1
Introduction
In RAN#66, a way forward is agreed for DL CoMP CSI tests in [1]:
· CQI test 

· 2 tests for both Type 7-0 and 7-1 UEs 

· Test case 1-A: One static CQI test to verify proper IMR usage according to IMR resources and IMR averaging pending the decision of IMR averaging discussion
· Test case 1-B: One fading CQI test to verify CSI reporting accuracy
· It is FFS to verify multiple CSI processing capability either in Test case 1-A or Test case 1-B
· Number of CSI processes configured in this test is according to UE handling capability
· PMI test 

· No PMI test will be introduced for DL CoMP CSI testing 

· RI test 

· RI test will be introduced for DL CoMP CSI testing
In this contribution, we analyze the open issues of CSI test cases design for DL CoMP and propose detailed test case design for CQI tests.
2
Open Issues in CQI test
2.1 Multiple CSI processing capability verification
In last RAN4 meeting, 2 CQI tests were agreed to cover the features including proper IMR usage, UE processing capability for multiple CSI processes and CSI reporting accuracy in CoMP CQI tests. However, it’s FFS to verify multiple CSI processing capability either in static CQI test or in fading CQI test. 
CSI process is consistent of both channel part and IMR part and different CSI process may have different channel part. For UE supporting multiple CSI processes, it is also important to verify UE use proper combination of IMR and NZP CSI-RS resource to calculate CSI for each CSI process. Static test can only verify UE having the capability using different IMR and NZP CSI-RS to estimate interference power and channel power. However, it cannot verify UE has the capability to track other channel characteristic, e.g. frequency / timing variance using different IMR and NZP CSI-RS resources.
Furthermore, by configuring multiple CSI processes in fading CQI test, both sub-band CQI and wideband CQI reporting accuracy could be verified at the same time. 
Regarding the test feasibility, BLER and throughput performance metric could be tested on a selected CSI process in fading CQI test. But, CQI distribution performance could be tested on all configured CSI processes. In addition, delta CQI among multiple CSI processes could be further studied as another test metric for multiple CSI processing capability test.
Proposal 1: Verify multiple CSI processing capability in fading CQI test.
2.2 IMR averaging behavior 
Regarding restricting UE implementation on IMR averaging, no consensus was reached in last meeting. From network perspective, restricting IMR averaging within per sub-band and per sub-frame is helpful to aware UE IMR averaging behaviour thus simplify network implementation regarding OLLA algorithm to achieve good network performance. From UE perspective, restricting IMR averaging within per sub-band and per sub-frame is also helpful to simplify UE implementation. Furthermore, the intention of introducing the concept of IMR is to support CoMP operation and allow network to provide different interference hypothesis. Since, the interference hypotheses maybe dynamically changed between sub-frames with network scheduling. the accurate interference measurement should be guaranteed by restricting IMR averaging in time domain. Therefore, 
Proposal 2: Restricting IMR averaging for CSI-IM measurement as per sub-band and per sub-frame basis.
3
Test case design for CQI test
3.1 Test case design for static CQI test

In this section, a static CQI test is proposed to verify proper IMR usage according to IMR resources. This test could be similar to static CQI definition in Rel-10. The same test metrics could be re-used, i.e.

1) Reporting spread of CQI value.
2) BLER performance using reported median CQI value.
In this test case, different interference levels are configured for different REs in order to verify UE is correctly using IMR for interference estimation, as shown in Table 1 below.

1) Two TPs are configured in the test case. TP1 as the target TP transmit PDSCH. TP2 as the interference TP to generate interference.
2) UE is configured with one CSI process which including NZP CSI-RS resource 1 and ZP CSI resource IMR1.
3) A white noise source with fixed power spectral level as Noc is applied in receiver antenna for all sub-frames.
4) In CSI sub-frame, there is only noise floor level on IMR1, i.e. interfering TP2 is muting on IMR1 RE. In  NZP CSI-RS resource 1 and other REs, besides the noise floor, there is interference generated from interfering TP2, i.e. Iot1 = Noc+PTP2
5) In PDSCH sub-frame, as the interference TP is blanked, the overall interference plus noise level is only Noc, i.e. the same as IMR1.
With the configuration above, when UE correctly use IMR1 for interference estimation in CSI sub-frame, the similar BLER performance of PDSCH of Rel-10 could be expected, i.e. 
1) If the PDSCH BLER using median CQI is less than or equal to 0.1, the BLER using (median CQI + 1) shall be greater than 0.1.
2) If the PDSCH BLER using median CQI is greater than 0.1, the BLER using (median CQI – 1) shall be less than or equal to 0.1.
Otherwise, if UE wrongly used CSI-RS resource or CRS for CQI i.e. Iot1 for interference estimation, the reporting CQI will be significantly lower than achievable CQI level under PDSCH interference level Iot2. As a result, the BLER of median CQI and (median CQI + 1) is expected to be almost 0.0. Thus, such UE can’t fulfil BLER requirement and fail the test.
Table 1: Noise and interference levels in different REs
	Power Spectral Level
	CSI-RS resource 1
	IMR1
	Other REs

	White noise level
	CSI Subframe
	Noc
	Noc
	Noc

	
	PDSCH Subframe
	Noc
	Noc
	Noc

	Power level for interfere TP
	CSI Subframe
	PTP2
	0/Muted
	PTP2

	
	PDSCH Subframe
	0/Blanked
	0/Blanked
	0/Blanked

	Overall power level of noise +interference
	CSI Subframe
	Noc+PTP2=Iot1
	Noc
	Noc+PTP2=Iot1

	
	PDSCH Subframe
	Noc
	Noc
	Noc


Also, it is confirmed by test equipment vendors, it’s feasible to generate different interference levels across all REs by configuring another TP as interference source. And Since only one CSI process is configured, this test is applicable for all CoMP UEs irrespective of the capability for number of CSI processes.
Based on above analysis, the main configurations for this test case are summarized below, and the detailed simulation assumption is given in annex for example.
· 2 TP configured: TP1 is configured as the serving cell which transmit PDSCH, TP2 is configured as the interference cell which using to generate the dynamic interference in different REs
· Receiving power imbalance between TPs: based on the system simulation results in [2], 4dB imbalance can be set for example TP2 is 4 dB higher than TP1.
· CSI process configuration: Only 1 CSI process configured with the associated NZP CSI-RS resource 1 and IMR1
· NZP CSI-RS resource configuration: only one NZP CSI –RS resource configured for TP1. The periodicity and sub-frame offset (TCSI-RS / ∆CSI-RS) for NZP CSI-resource1 and IMR1 are fixed as 5ms/0. 
· ZP CSI-RS configuration: one ZP CSI-RS configuration 1 for both TP1 and TP2 which cover IMR.
· Scheduled PDSCH sub-frame: Skip sub-frame 0 and 5 for PDSCH transmission, and the interference from TP2 is only transmitted in CSI-RS sub-frames #0 and 5. For the other subframes, TP2 is blanked.
Furthermore as discussed in last meeting, static CSI test should be designed based on the decision of IMR averaging. The above test case design assuming no specific design to restrict UE implement on IMR averaging. If RAN4 agree to restrict and verify UE implementation regarding CSI-IM averaging such as per sub-frame and per sub-band, it can further be revised to introduce variable interference in time and frequency domain.
For per sub-band measurement restriction, frequency selective CQI test has already been introduced to verify UE estimate interference based on per sub-band in frequency domain in Rel-8/9 test. Thus, in order to verify per sub-band interference measurement behaviour, the test can be revised as the frequency selective interference CQI test defined in TS36.101 chapter 9.3.3.

For per subframe measurement restriction, UE behaviour can be verified by applying different interference levels for different CSI sub-frame sets in time domain, i.e. reusing the delta CQI metric for the CQI test in Ts36.101 chapter 9.2.1.3.
3.2 Test case design for fading CQI test
In this section, an example is given on how to verify UE capability of processing maximum CSI processes and reporting accuracy of multiple CSI reports. 
According to RAN1 agreement, the maximum configured CSI process number is UE capability with a list of {1, 3, 4}. It will be good to design a generic test framework applicable for all CoMP UEs with different capability of CSI process number. Then in RAN5 tests, {1, 3, 4} CSI processes could be configured based on UE capability.
For example as shown in Figure 1, 5 CSI-RS resources (2 NZP CSI resources, 3 IMRs) are configured in total.
1) 2 TPs are configured
2) 2 NZP CSI-RS resources are configured for 2TPs
· NZP CSI-RS resource index 1 is QCLed with TP1
· NZP CSI-RS resource index 2 is QCLed with TP2
3) 3 IMRs are configured for configured for 2 TPs
· IMR1 and IMR2 for TP1
· IMR1 and IMR3 for TP2
To be noted such above configuration will only applicable for 7-1 UE. For 7-0 UE, only one CSI process with corresponding NZP CSI-RS resource and IMR will be configured. 

Several CSI processes according to UE maximum processing capability could be configured with different combination of IMR and NZP CSI-RS resource. Each CSI process is corresponding to one specific CoMP PDSCH transmission configuration. And, the reporting mode for each CSI process can be different. In order to verify UE capability of supporting both sub-band CQI and wideband CQI reporting modes with multiple CSI processes, the frequency selective mode such as PUSCH 3-1 and frequency non-selective mode such as PUCCH 1-1 can be configured separately on each CSI process. Furthermore, a PQI set with different PQI states for QCL and PDSCH RE mapping can be configured based on TP configuration hypothesis for PDSCH transmission for each CSI process.

CSI process 1 and CSI process 2 (transmission from TP1, reusing test parameters and requirements for Rel-10 PUSCH 3-1 test in TS 36.101 chapter 9.3.1.2):
· The feedback mode for CSI process 1 and CSI process 2 is PUSCH 3-1. 
· Channel: the frequency selective fading channel as defined in Clause B.2.4 of TS36.101 reused here for TP1.
· PDSCH transmission hypothesis
a) For CSI Process 1, the corresponding PDSCH transmission configuration is desired signal from TP1 meanwhile TP2 are muting/blanking.
b) For CSI process 2, the corresponding PDSCH transmission configuration is desired signal from TP1 however TP2 is active and acted as interference cell.
CSI process 3 and CSI process 4 (transmission from TP2, reusing test parameters and requirements for Rel-10 PUCCH 1-1 test in TS 36.101 chapter 9.3.2.2):
· The feedback mode for CSI process 3 and CSI process 4 is PUCCH 1-1. 
· Channel: the wideband fading channel EPA5Hz reused here for TP2.
· PDSCH transmission hypothesis
a) For CSI process 3, the corresponding PDSCH transmission configuration is desired signal from TP2 meanwhile TP1 are muting/blanking.
b) For CSI process 4, the corresponding PDSCH transmission configuration is desired signal from TP2 however TP1 is active and acted as interference cell.
Regarding the CSI subframe set and scheduled PDSCH sub-frames set, the general RAN4 principle could be re-used here.

· CSI subframes set # {0, 5}. In CSI subframes, no PDSCH transmission is scheduled. Each TP transmits NZP CSI-RS signals and random interference levels on PDSCH regions to generate the related channel part and interference part as shown in Table 3. 
· Scheduled PDSCH transmission set # {1,2,3,4,5,6,7,8}. The interfering TP is configured as active or blank as shown in Table 3.
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Figure 1: CSI-RS resources configuration
	CSI process index
	CSI resource configuration
	TP configuration hypothesis for PDSCH transmission
	PQI State
	CSI feedback mode 

	
	Channel Part
	Interference Part
	TP1
	TP2
	
	

	1
	NZP CSI-RS 1
	IMR 1
	Desired Signal
	Blanking/Muting
	1
	PUSCH3-1

	2
	NZP CSI-RS 1
	IMR 2
	Desired Signal
	Interference
	1
	PUCCH3-1

	3
	NZP CSI-RS 2
	IMR 1
	Blanking/Muting
	Desired Signal
	2
	PUCCH 1-1

	4
	NZP CSI-RS 2
	IMR 3
	Interference
	Desired Signal
	2
	PUCCH 1-1


Table 3: CSI process configuration

Regarding the test metric, BLER and throughput performance metric could be tested on a selected CSI process in the fading CQI test. But, CQI distribution performance could be tested on all configured CSI processes, e.g. 

· For subband CQI distribution requirements, a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band.
· For wideband CQI distribution requirements, a CQI index not in the set {median CQI -1, median CQI +1}  shall be reported at least  % of the time. 
In addition, delta CQI among multiple CSI processes could be further studied as another test metric for multiple CSI processing capability test. Due to the different wideband SINR as calculated below, the median wideband CQI for each CSI process is expected to be different. 
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Thus, requirements for delta values between median wideband CQIs from these CSI processes can be used to verify UE reporting accuracy for all of the configured CSI processes besides the requirements for the selected CSI process, e.g.
· The delta values between median wideband CQI from CSI process 1 and CSI process2 should be within [xx12] ~[yy12]
· The delta values between median wideband CQI from CSI process 1 and CSI process3 should be within [xx13] ~[yy13]
· The delta values between median wideband CQI from CSI process 1 and CSI process4 should be within [xx14] ~[yy14]
Based on such analysis, the main configurations for this test case are summarized below:
· 2 TPs are configured
· 2 NZP CSI-RS resources are configured for 2TPs
· NZP CSI-RS resource index 1 is QCLed with TP1
· NZP CSI-RS resource index 2 is QCLed with TP2
· 3 IMRs are configured for configured for 2 TPs
· IMR1 and IMR2 for TP1
· IMR1 and IMR3 for TP2
· One ZP CSI-RS configuration for both TP1 and TP2, the configuration is overlapped with IMR1.
· 4 CSI processes are configured with the asscoiated configuration of NZP CSI-RS resource, IMR and PDSCH transmission hypotheses and feedback modes as in Table 3.
· Reusing test metric and test configurations in Rel-10 CSI test such as CSI test for frequency selective mode (PUSCH 3-1) in TS 36.101 chapter 9.3.1.2 and CSI test for frequency non-selective mode (PUCCH 1-1) in TS 36.101 chapter 9.3.2.2
· For test metric, BLER and throughput performance metric could be tested on a selected CSI process in the fading CQI test. CQI distribution performance could be tested on all configured CSI processes
· Additional delta CQI requirements could be introduced to verify UE reporting accuracy for all of the configured CSI processes if needed.
3 Conclusion 
In this contribution, we firstly analyzed the open issues in last meeting and then provided our views for these issues. Finally detailed test case design for CQI tests was analyzed. 
Proposal 1: Verify multiple CSI processing capability in fading CQI test.
Proposal 2: Restricting IMR averaging for CSI-IM measurement as per sub-band and per sub-frame basis. 
Proposal 3: Static CQI tests could be designed as Section 3.1:
· Appling two TPs in configuration, one TP transmit PDSCH, another TP as interference TP to generate dynamic interference levels between IMR and other REs. 
· For test metric, static CQI requirements as defined in 9.2.1.1 of Ts 36.101 can be reused.
Propose 4: Fading CQI tests could be designed as Section 3.2:
· 4 CSI processes are configured with the associated configuration of NZP CSI-RS resources, IMR and PDSCH transmission hypotheses and feedback modes as show in Table 3.
· Test metric and test configurations in Rel-10 CSI test such as CSI test for frequency selective mode (PUSCH 3-1) in TS 36.101 chapter 9.3.1.2 and CSI test for frequency non-selective mode (PUCCH 1-1) in TS 36.101 chapter 9.3.2.2 can be reused.
· For test metric, BLER and throughput performance metric could be tested on a selected CSI process in the fading CQI test. CQI distribution performance could be tested on all configured CSI processes.
· Additional delta CQI requirements could be introduced to verify UE reporting accuracy for all of the configured CSI processes if needed.
4
Reference
[1] R4-130927, “Way forward on DL CoMP CSI test”, Huawei, HiSilicon, Samsung, Qualcomm, Ericsson, ST-Ericsson 

[2] R4-131424, “View on open issues of PDSCH demodulation test cases design for DL CoMP”, Samsung
5
Annex
Table 1 Simulation assumption for test case 1-A-0
	Parameter
	TP1 
	TP2

	Carrier frequency (GHz)
	2

	System bandwidth (MHz)
	 10MHz

	PDSCH transmission Point
	Serving cell, fixed in TP1
	Interference cell

	Cell ID
	[0]
	[6]

	Transmission mode
	10
	[9]

	Power ration
	Fixed as -4dB
	NA

	SNR [dB]
	[TBD]
	[TBD]

	Antenna configuration
	Clause B.[1] (2x2 or 4 x2)
	Clause B.[1] (2x2 or 4 x2)

	Cell-specific reference signals
	Port {0,1}
	Port {0,1}

	NZP CSI-RS Resource 1
	CSI reference signals
	Ports{15,16}
	NA

	
	CSI-RS periodicity and subframe offset (TCSI-RS / ICSI-RS)
	5/0
	NA

	
	CSI reference signal configuration
	2
	NA

	IMR 1
	IMR periodicity and subframe offset (TCSI-RS / ICSI-RS)
	5/0
	NA

	
	IMR reference signal configuration
	0
	NA

	ZP CSI-RS Resource Config. 0
	Zero-power CSI-RS configuration

ICSI-RS /       ZeroPowerCSI-RS bitmap
	0/0x1000
	0 /0x1000

	Rank
	1
	1

	PMI
	[Fixed]
	[Random]

	MCS and coding rate
	N/A
	16QAM 1/2

	Cyclic prefix
	Normal
	Normal

	Maximum number of HARQ transmission
	1
	1

	Number of OFDM symbols for PDCCH
	2
	2

	Timing offset 
	0
	0

	Frequency error (Hz)
	0
	0
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