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1 Introduction
DL CoMP CSI test discussion was initiated in RAN4#64bis but not much progress had been made regarding the testing framework. To progress this work further, we provide our views on the DL CoMP CQI test case design and test setup in this contribution.
2 Discussion
2.1 Test case design
Regarding DL CoMP CQI testing, the following agreements have been reached so far on testing purpose:
1.  Proper IMR usage
2.  UE processing capability for multiple CSI processes

3.  Reporting CSI accuracy
Interference measurement through CSI-IMR is a new thing and could not be covered by previous CQI test cases. From function verification point of view, a CQI AWGN definition test should be introduced and it can serve test purpose 1. Since the CSI-IMR has only limited number of resource element available for interference measurement, we need to design fading test case to cover UE CQI reporting accuracy requirement. The fading test case should fail the UE implantation with excessive averaging in time and frequency domain. UE operating in CoMP supports several transmission schemes which require UE being capable of reporting several CQI simultaneously. But we don’t have to design a separate test case to just serve this purpose. Instead, we can configure more than one CSI process in either AWGN definition or fading accuracy test for test purpose 2. While supporting multiple CSI process may increase UE implementation complexity. One UE insufficient complexity implantation may try to measure sub-band interference when only one CSI process is configured. Otherwise it only performs wide-band measurement for multiple configured CSI processes. Sub-band fading test can differentiate this kind of bad UE implementation but AWGN definition test cannot. So we think that the multiple CSI processes capability test purpose should be combined with reporting CSI accuracy test purpose and can be covered by one single fading test.
Proposal 1: 

Introduce a CQI AWGN definition test to verify IMR usage
Proposal 2: 

Introduce a CQI fading test to verify the IMR based CSI feedback accuracy and multiple CSI processes capability
In the next several sections, we will give our consideration on the multiple CSI processes, CQI definition and CQI fading testing.
2.2 Multiple CSI processes test
Multiple CSI processes are configured in DL CoMP to support multiple transmission schemes, e.g., DPS, DPB and JT. In these schemes more than one TP is involved in data or interference generation for the UE. This implies that 2 TPs are required for multiple CSI processes testing.
Proposal 3: 

Two TPs are required for multiple CSI processes testing purpose
Proposal 4: 

System level simulation is taken to determine power difference between two TPs
UE capability indicates how many CSI processes UE is able to support simultaneously, e.g., 1, 2 or 4 CSI processes. From RAN4 test perspective, test cases should be designed to cover all of the UE capabilities. To avoid designing different test case for each UE capability, the test setup could be designed for the largest number of CSI process, i.e., 4 CSI processes, and other number of CSI processes tests can just extract the corresponding number of CSI configurations from it. This will reduce the test setup and simulation alignment complexity.
As an example on the multiple CSI processes test setup, consider the following configuration.  

· 2 TPs are configured as showed in Figure 1,
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Figure 1 CSI-RS configuration example for multiple CSI processes test
· Each TP is configured with one NZP CSI-RS for signal part  
· Each NZP CSI-RS is protected by one ZP CSI-RS from other TP to facilitate channel estimation
· One CSI-IMR is configured to measure the interference out of the TP cluster
· Two CSI-IMR are configured to measure the interference from each TP
· The 2 TPs transmit with a power difference, e.g., 3dB.
As in Table 1, each CSI process is combination of a NZP CSI-RS resource and an IMR, e.g. for CSI process 1, the channel part is from NZP CSI-RS0 and interference part is from IMR CSI-RS resource 1 and transmission scheme is DPS with TP0 transmitting data and TP1 transmitting interference. In this case if UE measures interference on other REs rather than on IMR1, the reported CQI will mismatch the channel, which results in overestimation or underestimation. Assuming the power different between the TPs is 3dB and the stronger TP has SNR=9 dB with DPB transmission scheme, Table 1 also shows the interference level on different RE and rough SINR estimate.
  Table 1 Test configuration for CQI definition test
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It can be seen that the interference levels are different for IMR0, IMR1 and IMR2. The interference level on the REs other than the IMR is TP1+ TP2+Noc. As shown in the table, different CSI process has different SINR levels which are sufficient to differentiate the CQI values among the CSI processes. For different CSI capability UE, we can configure a subset of the CSI processes from the table, e.g., for UE supporting 2 CSI process, CSI process 0 and 2 can be configured for testing.
Proposal 5: 

For multiple CSI processes testing, design the test configuration for the maximum 4 CSI processes and other number of CSI processes test configurations are just a subset of it
For multiple CSI processes, if all the reported CQI processes are scheduled for data transmission in TDM fashion, it would be too time consuming and too much effort for simulation results alignment. For the sample of combing multiple CSI processes testing with fading accuracy testing, eight data transmissions including four followed CQI tests and four fixed median CQI tests should be scheduled. Thus the test running time would be 8 times as before. To reduce the test complexity and running time, we can choose only one CSI process for scheduling data transmission and apply the full Rel-8/10 performance metrics on it and use this CSI process as reference process. For the other CSI processes, the distribution accuracy and CQI difference from the reference CSI process are good enough for performance metrics. 
Proposal 6: 

For multiple CSI processes testing, choose one CSI process as reference CSI process and schedule data transmission. Apply the Rel-8/10 full performance requirement on this reference CSI process and apply only distribution accuracy and CQI difference requirement on other CSI processes
In order to avoid potential bad implementation if UE know in advance which CSI process is the reference process, we can introduce some randomness on the association of CSI-RS/CSI-IMR resource and RRC configured CSI process index to the reference CSI process.
Proposal 7: 

For multiple CSI processes testing, the association of CSI-RS/CSI-IMR resource and RRC configured CSI process index should be randomized
2.3 Static CQI definition test
A static CQI test should be introduced to verify proper UE behavior in term of measuring the interference from specified CSI-IMR, rather than CRS, CSI-RS or DMRS. UE can perform some degree of averaging on interference estimation along the time and frequency domain within the specified IMR. Since the multiple CSI processes test will be carried out with the CQI fading accuracy test, there is no need to configure more than one TP for CSI-IMR interference measurement functional test. As described in [6], test equipment can introduce different AWGN level at IMR elements different from the levels seen at CRS, CSI-RS or DMRS. This AWGN level should also be used on scheduled resource elements. The same performance metrics of Rel-8/10 should also apply in this case.

Proposal 8: 

For static CQI definition test, configure only one TP with different AWGN level at the CSI-IMR from the other RE and reuse Rel-8/9 performance requirement.
2.3 CQI Fading test

Recall that in Rel-8/10 CSI test, several CQI fading tests were designed to verify different aspects of UE CQI feedback implementation,

1. Frequency non-selective test to verify that UE does not perform excessive averaging in time domain

2. Frequency selective test to verify that UE does not perform excessive averaging in frequency domain

3. Frequency selective interference test to verify that UE performs frequency selective interference estimation

So the tests were designed to make sure that UE does not perform excessive averaging in time and frequency for both signal part and interference part. Since the CSI-RS signal part has already been verified in Rel-10 test cases, DL CoMP fading test should target the verification of the interference part. Also in order to verify that UE implements the required complexity to support frequency selective reporting for several simultaneous CSI processes, the fading test should also include the multiple CSI processes testing. Thus all the proposals for multiple CSI processes should be adopted in CQI fading test. Then the fading test performance requirement of Rel-8/10 should apply on the selected reference CSI process and distribution accuracy requirement could apply on the other configured CSI processes.
Proposal 9:  
For CQI fading with multiple CSI processes test, apply the Rel-8/10 fading test requirement on the selected reference CSI process and apply only distribution requirement and possible CQI difference requirement on the other CSI processes 
3 Conclusions
In this contribution, we discuss the IMR based interference measurement testing purpose, test selection and test framework. The following is the summary of our proposals,
For test case design:

Proposal 1: 

Introduce a CQI AWGN definition test to verify IMR usage

Proposal 2: 

Introduce a CQI fading test to verify the IMR based CSI feedback accuracy and multiple CSI processes capability 
For multiple CSI processes test:
Proposal 3: 

Two TPs are required for multiple CSI processes testing purpose

Proposal 4: 

System level simulation is taken to determine power difference between two TPs
Proposal 5: 

For multiple CSI processes testing, design the test configuration for the maximum 4 CSI processes and other number of CSI processes test configurations are just a subset of it
Proposal 6: 

For multiple CSI processes testing, choose one CSI process as reference CSI process and schedule data transmission. Apply the Rel-8/10 full performance requirement on this reference CSI process and apply only distribution accuracy and CQI difference requirement on other CSI processes
Proposal 7: 

For multiple CSI processes testing, the association of CSI-RS/CSI-IMR resource and RRC configured CSI process index should be randomized 

For static CQI definition test:

Proposal 8: 

Only one requirement of throughput gain is to be defined for specific CSI process and corresponding parameter configuration for the CSI process randomly select from the NZP CSI-RS and IMR. For other CSI processes, the CQI distribution requirement should be met for UE
For CQI fading test with multiple CSI processes test:

Proposal 9: 

For CQI fading with multiple CSI processes test, apply the Rel-8/10 fading test requirement on the selected reference CSI process and apply only distribution requirement and possible CQI difference requirement on the other CSI processes
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