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1
Introduction
In RAN#64Bis, work plan in RAN4 for CoMP WI was proposed by a time manner in [1]. According to the work plan and the latest progress in RAN1, company paper provides the overview and scope of CoMP UE demodulation and CSI reporting requirements in RAN4 [2]. 
In this contribution, we provide further analysis on the proposed CSI test cases, including:
· Test case for IMR definition verification
· Test case for maximum CSI processes capability verification
2
Discussion
As described in [2], the following new features for CSI reporting are introduced for CoMP in Rel-11:
· CSI process definition: A CSI process is a combination of a NZP CSI-RS resource (for channel part) and an interference measurement resource (IMR) ( for interference part)

· IMR definition: Each Interference Measurement Resource (IMR) occupies a subset of REs configured as Rel-10 ZP CSI-RS, i.e. the granularity is 4 REs/PRB. For the purpose of interference measurement on an IMR, UE shall assume that all signals received on the REs of the IMR are interference. The REs of an IMR are REs which can be configured as a ZP CSI-RS resource.
· Configuration of multiple CSI processes: the maximum number of CSI processes supported for UE is FFS in RAN1 (3 or 4).

Based on RAN1’s agreements, at least the features listed below should be verified in RAN4 to ensure reliable performance of CoMP feature.
· CSI process definition verification: UE use the correct CSI-RS resources for channel estimation and interference estimation separately.

· Multiple CSI processes verification: UE capability to handle multiple CSI processes upper to [x] (3 or 4 in single CC based on RAN1 progress).
Other CSI test cases can be further discussed based on RAN1’ progress on the open issues which potentially affect UE implementation such as UE emulated interference on NZP CSI recourses and RI, subband, and PMI constrains between CSI processes.

In next sections, we provided our considerations on how to verify the above feature in RAN4 test cases based on the principles listed below: 
· Reuse Rel8/9/10 methodologies for CSI test as much as possible, such as test method, test metric and test scenarios
· Test coverage to ensure UE meet CSI measurement accuracy requirements under typical deployment scenarios and corner cases
· Considering reasonable CSI-RS resources configurations according real network scenarios even CoMP transmission scheme is transparent for UE. 

· Receiver implementation agnostic.
2.1 IMR Definition Test

In this section, a static CQI test is proposed to validate UE behaviour according to CSI process definition. Especially, it is important to verify that IMR is correctly used for interference measurement, rather than CRS or NZP CSI-RS resource. 

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 (i.e. noise floor level) are configured for different REs in order to verify UE is correctly using IMR for interference estimation as shown in Table 1.

1) UE is configured with one CSI process which including NZP CSI-RS resource 1 and ZP CSI resource IMR1.
2) In CSI subframe, interference level (i.e. noise floor level) on IMR1 (denoted as Iot2) is set to lower than NZP CSI-RS resource 1 and other REs, which is denoted as Iot1.

3) In PDSCH subframe, interference level of data RE and DM-RS REs is same as IMR2, i.e. Iot2.

With the configuration above, when UE correctly use IMR1 for interference estimation in CSI subframe, 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.
Furthermore, multiple IMRs e.g. IMR2 could be configured to avoid improper interference average across IMRs. 
	Iot Level
	NZP CSI-RS resource 1
	IMR1
	IMR2
	Other REs

	CSI Subframe
	Iot1
	Iot2
	Iot3
	Iot1

	PDSCH Subframe
	N/A
	N/A
	N/A
	Iot2


Table 1: Interference level in different REs
Proposal 1: Introducing a static CQI test to validate UE correctly using IMR for interference estimation as below. 
1) Same test metrics as Rel-10 CQI definition test could be re-used, i.e. reporting spread of CQI value and BLER performance using reported median CQI

2) Different interference levels could be configured on different REs 
3) An example is shown in Section 2.1.
2.2 Maximum CSI Processes Capability Verification
In this section, a CSI test configuration is given as example for how to verify UE capability of processing maximum CSI processes and correctly report multiple CSI reports according to CSI processes configuration.
As shown in Figure 1, in total 5 CSI-RS resources are configured for UE
1) Two TPs are configured in test case. 
2) Different NZP CSI-RSs are configured for each TP (2 CSI-RS resources).
3) One configured ZP CSI-RS is muted by both TPs (1 CSI-RS resource).
4) Different ZP CSI-RSs are configured for each TP (2 CSI-RS resources).
Several CSI processes according to UE maximum processing capability could be configured as shown in Table 2 based on the configured CSI-RS resource. Each CSI process is corresponding to one specific CoMP PDSCH transmission configuration e.g. for CSI process 1, the corresponding PDSCH transmission configuration is desired signal from TP1 meanwhile TP2 are muting/blanking. For CSI process 2, the corresponding PDSCH transmission configuration is desired signal from TP1 however TP2 is active and acted as interference cell.
Each CSI report could be validated separately by configuring the corresponding CoMP PDSCH transmission configuration. The similar test metrics as Rel-10 CSI test could be applied to each CSI report.  And, the reporting mode for each CSI process can be different. 
Furthermore, different channel model can be used for different TP, e.g. EPA 5Hz between TP1 and UE, 2-tap channel between TP2 and UE. Then, CSI process 1 and CSI process 2 can be configured similar as the fading wideband CQI test in Rel-10. CSI process 3 and CSI process 4 can be configured as frequency-selective CSI test.
Proposal 2: Introducing fading CSI test to verify UE processing capability of multiple CSI reports:

1) UE is configured with maximum CSI processes according to RAN1 agreements.
2) Multiple TPs are configured in test cases
3) Each CSI report could be validated separately by configuring the corresponding CoMP PDSCH transmission configuration.
4) An example is shown in Section 2.2
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Figure 1: CSI-RS resources configuration
	Corresponding CSI 

process index
	CSI resource configuration
	TP configuration hypothesis for PDSCH transmission

	
	Channel Part
	Interference Part
	TP1 
	TP2 

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

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

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

	4 (FFS) 
	NZP CSI-RS 2
	IMR CSI-RS 3
	Interference
	Desired Signal


Table 2: CSI process hypothesis list
3 Conclusion
In this contribution, we provided our considerations on CSI test cases design for CoMP. 
Proposal 1: Introducing a static CQI test to validate UE correctly using IMR for interference estimation as below. 
1) Same test metrics as Rel-10 CQI definition test could be re-used, i.e. reporting spread of CQI value and BLER performance using reported median CQI

2) Different interference levels could be configured on different REs 
3) An example is shown in Section 2.1.
Proposal 2: Introducing fading CSI test to verify UE processing capability of multiple CSI reports:
1) UE is configured with maximum CSI processes according to RAN1 agreements.
2) Multiple TPs are configured in test cases
3) Each CSI report could be validated separately by configuring the corresponding CoMP PDSCH transmission configuration.
4) An example is shown in Section 2.2
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