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1. Introduction
In RAN1 #71, most of issues related to DL CoMP specification was finalized [1] including quasi-colocation signaling between CRS and CSI-RS, RRC signaling for CoMP configuration, PDSCH rate matching, fallback operation, 1 bit CSI request field and CSI feedback mode. Although there are a few minor details to be decided in next RAN1 meeting, RAN1 specification is now mature enough to allow RAN4 to proceed with defining DL CoMP performance requirement. In this contribution, we review DL CoMP specification related to CSI feedback aspect and provide our recommendation on framework for DL CoMP CSI test. 

2. Overview of Rel-11 DL CoMP specification

For CSI feedback for DL CoMP, RAN1 introduced several new concepts to allow CSI measurement and reporting from multiple TPs. 

· IMR (interference measurement resource) was defined for dedicated noise/interference measurement. Up to 3 IMRs can be configured for a UE. IMR allows network to emulate different interference hypotheses for CSI reporting. 
· UE can be configured with up to 3 NZP-CSI-RS corresponding to TPs in CoMP measurement set. This allows UE to measure and report CSI for multiple TPs. Note that NZP-CSI-RS was already introduced for TM9 in Rel-10. 
· UE can be configured with up to 4 CSI process defined as combination of one NZP-CSI-RS and one IMR. UE estimates channel from NZP-CSI-RS and noise/interference from IMR to calculate CSI feedback for specified CSI process. Other constraints for CSI feedback like codebook subset restriction, Pc (UE assumption for reference PDSCH transmit power) and pmi-RI-report flag are configured independently for each CSI process. 
· Number of maximum configurable CSI process is UE capability. UE can declare 1, 3 or 4 CSI process capabilities. Only one NZP-CSI-RS can be configured for a UE with single CSI process capability. 
· Delay for CSI reference resource was increased from 4 to 5 to allow relaxation on UE CSI feedback processing timeline. For CSI report on SF n, measurement can be based on NZP-CSI-RS/IMR observation at n-5. 
· 1 bit and 2 bit CSI request for aperiodic CSI feedback were defined for TM10 UE. 2 bit CSI request is used for PDCCH scheduled in UE specific search space when UE is configured with more than one DL cell or more than one CSI process. 
· Concept of RI reference process was introduced to align RI reporting among multiple CSI processes. When CSI process is configured with RI reference process, RI is inherited from reference process instead of being determined from its own measurement. This is a feature to enable frequency selective dynamic port selection (DPS) or non-coherent joint transmission (JT). 
From above analyses, we can see that noise/interference measurement from IMR and support of multiple CSI process are most important feature for TM10 CSI feedback. CSI test for TM10 UE should be designed to verify these aspects. Also, we can observe that separate CSI test needs be defined for UE with single and multiple CSI process capability. However, we could try to share common test framework between two UE categories. 
Proposal 1: Define TM10 CSI test to verify that UE measures noise/interference from IMR for CSI calculation and UE can handle declared number of CSI processes. Extend TM9 CQI definition test in static channel for this purpose. 
Another aspect to consider is CQI accuracy measured from NZP-CSI-RS and IMR. In Rel-10, we already defined CQI test for NZP-CSI-RS under the assumption that noise/interference is measured from CRS. New aspect to be verified in TM10 is reliability of noise/interference measurement from IMR. Since IMR is sparser than CRS both in time and frequency domain, test should be designed to verify that UE CQI feedback is accurate enough to guarantee reliable closed-loop operation in TM10. 
Proposal 2: Define TM10 CSI accuracy test to verify performance of interference measurement from IMR. Reuse one TM9 fading channel CQI test for this purpose. 
3. CQI test in static channel
The purpose of CQI test in static channel is to verify use of proper IMR for noise/interference measurement and UE’s capability to support declared number of CSI process.
3.1. Test configuration

In order to verify use of proper IMR, we should set up a test configuration where noise/interference power observed on IMR is different form that on other REs such as CRS, CSI-RS or DM-RS. In RAN4 #65, there was brief discussion on how it can be achieved. Figure 1 illustrate test configuration proposed in [2] with slight modification that TP2 CRS is not transmitted.  Note that the configuration is CoMP scenario 4 with only TP1 transmitting CRS. In measurement SF, it is assumed that both TP1 and TP2 are transmitting TM3 OCNG in PDSCH region and PDSCH from TP2 is rate matched around TP1 CRS. 
Assuming that Noc=-98dBm/kHz, Es1=-89dBm/kHz and Es2=-95dBm/kHz, ideal interference power that would be measured on different resources can be calculated as below. 
· On IMR1, both Noc and Es2 are observed. Thus, noise/interference power measured on IMR1 would be -93.236 dBm/kHz.
· On IMR2, both Noc and Es1 are observed. Thus, noise/interference power measured on IMR2 would be -88.485 dBm/kHz.

· On IMR3, only Noc is observed. Thus, noise/interference power measured on IMR2 would be -98 dBm/kHz.

· On CRS and NZP-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 IMR2, we can verify if UE are using correct IMR. Also, CSI measurement from IMR3 can be considered to test the case of dynamic port blanking. 
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Figure 1 Measurement subframe CSI-RS configuration
3.2. Timing and frequency error between TPs

Considering that non-collocated transmission of CSI-RS and DM-RS is most important characteristic of DL CoMP operation, we should also introduce timing and frequency error between TPs in CQI test. In the presence of timing or frequency offset between TPs, UE might not be able to calculate correct CSI without proper timing and frequency error compensation. Thus, UE CSI feedback performance should be verified in the presence of timing and frequency offset. We provided detailed analysis of suitable timing and frequency error between TPs for CoMP demodulation test in [3].  Since CSI test configuration is CoMP scenario 4, we should assume good frequency synchronization between TPs since UE. For timing offset, we propose to use the same value as in CoMP demodulation test [5]. 
Proposal 3: Consider timing offset of 1.5us and frequency offset of 30Hz for CSI test in static channel. 
3.3. Test metric
Test metrics for CQI test in static channel can be summarized as
· Reported CQI value should be within [median CQI-1, median CQI+1] more than 90% of time, where median CQI is median value of all reported CQI. 

· If PDSCH BLER using transport format indicated by median CQI is less than or equal to 0.1, PDSCH BLER using transport formant indicated by median CQI+1 should be larger than 0.1. If PDSCH BLER using transport format indicated by median CQI is larger than 0.1, PDSCH BLER using transport formant indicated by median CQI-1 should be less than or equal to 0.1.
Basically, we can reuse same test metric for CoMP CQI test. On top of that, we can also consider introducing CQI delta metric similar to what we introduced for CA CSI test [4]. In case UE is capable of multiple CSI process, we can configure UE with maximum possible CSI process and collect CQI reporting for each process. With test configuration proposed in section 3.1, each CSI process will observe different CINR, leading to different CQI report. Thus, we can use CQI delta metric to verify that UE is indeed calculating CSI independently for each configured CSI process. Note that CQI delta metric is applied only for UE capable of multiple CSI processes. 
Proposal 4: Introduce additional CQI delta metric to verify UE capability to handle multiple CSI process similar to CA CSI test. 
3.4. PDSCH BLER test
We can assume PDSCH is transmitted always from TP2 as we did in CoMP demodulation test [5] for single CSI process UE. In order to verify correct CQI feedback from UE, noise/interference condition in SF wherein PDSCH is scheduled should be same as the one observed on IMR in measurement SF. Referring to figure 1, noise/interference condition on IMR2 would be same as noise/interference condition for PDSCH when TP1 is transmitting TM3 OCNG. On the other hand, noise/interference condition on IMR3 would be same as noise/interference condition for PDSCH when TP1 is blanked. In this way, we can come up with two PDSCH BLER subtests corresponding to two different interference conditions. 
Proposal 5: Define two PDSCH BLER subtests corresponding to two different interference conditions on IMRs. 
3.5. UE CSI capability
For UE with multiple CSI capability, we can use test configuration illustrated in figure 1. If UE is capable of 4 CSI processes, UE can be configured with all of following CSI processes during the test.
· CSI process 1 : NZP-CSI-RS from TP2 + IMR2 for TP1 CSI in the presence of TP1 interference
· CSI process 2 : NZP-CSI-RS from TP2 + IMR3 for TP1 CSI with TP1 blanking
· CSI process 3 : NZP-CSI-RS from TP1 + IMR1 for TP2 CSI in the presence of TP2 interference
· CSI process 4 : NZP-CSI-RS from TP1 + IMR3 for TP2 CSI with TP2 blanking

For UE capable of 3 CSI process, network can configure CSI process 1, 3 and 4. It is recommended to configure aperiodic CSI feedback mode like PUSCH 3-1 so that UE can report CSIs for all CSI processes without too much UL control signaling complication. When PDSCH BLER in the presence of TP1 interference is tested, median CQI reported for CQI process 1 will be used to determine MCS.  In case PDSCH BLER is tested with TP1 blanking, median CQI will be obtained from CSI process 2. Note that CQI statistics for all configured CSI processes are gathered during the test and used to check CQI delta metric.  
For single CSI process capable UE, network can configure only one NZP-CSI-RS and one CSI process. Thus, test configuration is slightly modified such that
· UE is configured with only one NZP-CSI-RS for TP1 or TP2. 

· When NZP-CSI-RS for TP1 is not configured, same REs should be included in ZP-CSI-RS for TP2 so that PDSCH rate matching for TP2 is same as multiple CSI RS process case. Similarly, when NZP-CSI-RS for TP2 is not configured, same REs should be included in ZP-CSI-RS for TP1. 
3.6. Test framework
Table 1 lists test parameters for DL CoMP CQI test in static channel based on above discussion. Please note that 
· 4x2 antenna configurations are proposed for both FDD and TDD since 8x2 test configuration with 2 TPs could be too complicated.
· For FDD, PDSCH is not scheduled in SF 1 and 6, which are used for CSI measurement. For TDD, PDSCH is not scheduled in SF 3 and 8 for the same reason. 

· PDSCH BLER tests are run for CSI feedback for CSI process 1 and CSI process 2. CSI feedback from CSI process 2 and 3 are used only for verification of CQI delta metric.

Table 1. Test parameters for DL CoMP CQI test in static channel

	
	FDD
	TDD

	Transmission mode
	TM10
	TM10

	System bandwidth
	10MHz
	10MHz

	Cyclic prefix
	normal
	normal

	Number of TPs
	2
	2

	Cell ID
	TP1 cell ID 0

no CRS transmission from TP2
	TP1 cell ID 0

no CRS transmission from TP2

	Number of PDCCH symbols
	2
	2

	TP for PDSCH transmission
	TP2
	TP2

	timing error between TPs
	1.5us
	1.5us

	frequency error between TPs
	30Hz
	30Hz

	antenna configuration
	4x2
	4x2

	propagation channel
	static channel defined in B.1 of 36.101
	static channel defined in B.1 of 36.101

	PDSCH allocation
	50 PRBs in SF  2, 3, 4, 7, 8, 9

No PDSCH in SF 0, 1, 5, 6
	50 PRBs in SF  4, 9
No PDSCH in all other SFs

	Max num HARQ transmission
	1
	1

	DM-RS/PDSCH precoding
	fixed PMI
	fixed PMI

	CSI feedback configuration
	PUSCH 3-1 
	PUSCH 3-1 

	NZP-CSI-RS
	TP1 transmits NZP-CSI-RS with SF config 5/1

TP2 transmits NZP-CSI-RS with SF config 5/1
	TP1 transmits NZP-CSI-RS with SF config 5/3
TP2 transmits NZP-CSI-RS with SF config 5/3

	IMR
	Configure IMR1, IMR2 and IMR3 with SF config 5/1
	Configure IMR1, IMR2 and IMR3 with SF config 5/3

	CSI process
	CSI process 1 : NZP-CSI-RS from TP2 + IMR2

CSI process 2 : NZP-CSI-RS from TP2 + IMR3

CSI process 3 : NZP-CSI-RS from TP1 + IMR1

CSI process 4 : NZP-CSI-RS from TP1 + IMR3
	CSI process 1 : NZP-CSI-RS from TP2 + IMR2

CSI process 2 : NZP-CSI-RS from TP2 + IMR3

CSI process 3 : NZP-CSI-RS from TP1 + IMR1

CSI process 4 : NZP-CSI-RS from TP1 + IMR3

	Interference on PDSCH SF
	TM3 OCNG from TP 1 for PDSCH scheduling based on CSI process 1

blanking from TP 1 for PDSCH scheduling based on CSI process 2
	TM3 OCNG from TP 1 for PDSCH scheduling based on CSI process 1

blanking from TP 1 for PDSCH scheduling based on CSI process 2

	Interference on measurement SF
	both TP1 and TP2 transmit TM3 OCNG
	both TP1 and TP2 transmit TM3 OCNG

	Number of CRS ports
	2
	2

	MIMO mode for PDSCH
	SU rank 1 transmission
	SU rank 1 transmission


4. CQI fading channel test
The purpose of CQI fading channel test is to verify CQI accuracy derived from CSI-RS and IMR. Since proper use of IMR and multiple CSI capability is already verified by CQI static channel test, we can focus on performance aspect of TM10 CQI in CQI fading channel test design. 
4.1. Test scenario and configuration
As already noted in section 2, the only factor that can affect CQI accuracy in TM10 is use of IMR for noise/interference estimation instead of CRS. Effect of CSI-RS based channel estimation on CSI feedback is already extensively tested by CQI, PMI and RI test for TM9. Thus, the focus here should be on noise/interference measurement from IMR. Existing CQI accuracy tests in fading channel all assume white noise/interference except for frequency selective interference test. Since frequency selective interference will restrict averaging in frequency domain, CQI accuracy would be most susceptible to inappropriate UE implementation in this scenario. Thus, we propose to use CQI test with frequency selective interference for CQI accuracy verification for DL CoMP. We will be able to use test metric without modification. 
Proposal 6: Select CQI fading channel test for frequency selective interference as a reference for DL CoMP CQI fading channel test.
In contrast to CQI test in static channel to verify correct IMR use, we can define CQI fading test based on single TP. Test setup should be same as TM9 CQI test with single cell configuration except that IMR is configured and UE is supposed to feedback CSI according to configured CSI process. Furthermore, single CSI process configuration is also fine since multiple CSI process capability is already verified via CQI test in static channel. 
Proposal 7: Define CQI test in fading channel with single TP configuration. 

4.2. Test framework

Based on the discussion in section 4.1, we propose test framework listed in table 2 for CoMP CQI test in fading channel. Please note that
· Frequency selective interference is added in a way similar to that in table 9.3.3.1.1-1 of 36.101. 

· CSI reporting mode of PUSCH 3-1 is configured to report subband CQI. For 10MHz system bandwidth, subband size is 6. 
· In the test, PMI is fixed by codebook subset restriction. Thus, PMI selection aspect of CSI feedback is excluded from the test. 

Table 2. Test parameters for DL CoMP CQI test in fading channel

	
	FDD
	TDD

	Transmission mode
	TM10
	TM10

	System bandwidth
	10MHz
	10MHz

	Cyclic prefix
	normal
	normal

	Number of TPs
	1
	1

	Cell ID
	0
	0

	Number of PDCCH symbols
	2
	2

	antenna configuration
	2x2
	2x2

	propagation channel
	B.2.4 of 36.101, tauD=0.45us, a=1, fD=5Hz
	B.2.4 of 36.101, tauD=0.45us, a=1, fD=5Hz

	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

	Max num HARQ transmission
	1
	1

	DM-RS/PDSCH precoding
	fixed PMI
	fixed PMI

	CSI feedback configuration
	PUSCH 3-1 (SB CQI, single PMI)
	PUSCH 3-1 (SB CQI, single PMI)

	NZP-CSI-RS
	NZP-CSI-RS with SF config 5/1
	NZP-CSI-RS with SF config 5/3

	IMR
	Configure IMR with SF config 5/1
	Configure IMR with SF config 5/1

	Interference
	Frequency selective interference
	Frequency selective interference

	Number of CRS ports
	2
	2

	MIMO mode for PDSCH
	SU rank 1 transmission
	SU rank 1 transmission


5. Conclusion 

 In this contribution, we reviewed various aspects of Rel-11 DL CoMP specification related to CSI feedback and presented test framework for CSI test. Our proposals from the analyses are 

Proposal 1: Define TM10 CSI test to verify that UE measures noise/interference from IMR for CSI calculation and UE can handle declared number of CSI processes. Extend TM9 CQI definition test in static channel for this purpose. 

Proposal 2: Define TM10 CSI accuracy test to verify performance of interference measurement from IMR. Reuse one TM9 fading channel CQI test for this purpose. 

Proposal 3: Consider timing offset of 1.5us and frequency offset of 30Hz for CSI test in static channel.
Proposal 4: Introduce additional CQI delta metric to verify UE capability to handle multiple CSI process similar to CA CSI test. 

Proposal 5: Define two PDSCH BLER subtests corresponding to two different interference conditions on IMRs.
Proposal 6: Select CQI fading channel test for frequency selective interference as a reference for DL CoMP CQI fading channel test.

Proposal 7: Define CQI test in fading channel with single TP configuration. 

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