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1. Introduction
In RAN4 #72, there was discussion to identify test purpose of eIMTA CSI tests and WF in [1] was agreed. 
· No new PMI, and RI tests are defined for LTE TDD eIMTA

· The new CQI requirements shall be defined at least for UE CQI measurement and reporting with Rel-12 DL subframe sets
· Following items are candidate CQI test purposes as sub features of CQI measurement and reporting with Rel-12 DL subframe sets. RAN4 have no discussion on the prioritization of these features.
· Aperiodic/Periodic CSI report with Rel-12 signaling concerning on new configuration
· CSI measurement and reporting with Rel-12 DL subframe sets for TM 1 - 9 

· CSI measurement and reporting with Rel-12 DL subframe sets for TM 10, and configuration of additional CSI-IM resource for a CSI processes for TM 10, if the UE supports TM10

· CSI reference resource identification
· Following item is FFS:
· Whether each CQI test case is designed for joint test for UE capability 7-1 and 7-3 or UE capability 7-3 only
In this contribution, we provide review of RAN1 specification for Rel-12 subframe set dependcent CSI measurement and reporting and our view on test purpose and test framework for eIMTA CSI tests. 
2. Feature analyses
2.1. UE capability with 7-3 feature
In RAN1 #78, it was agreed to define feature group 7-3 for Rel-12 subframe set dependent CSI measurement/report as independent feature from feature group 7-1 for eIMTA. Also, for 7-3 feature, some sub-features are applicable to only TM10 UE, which is also optional Rel-11 feature. We also need to differentiate TM10 UE in terms of CSI process capability. Thus, there could be 7-3 UE implementation with following feature group combination. 

· non-eIMTA UE that does not support TM10
· non-eIMTA UE that supports TM10 with single CSI process capability
· non-eIMTA UE that supports TM10 with multiple CSI process capability

· eIMTA UE that does not support TM10

· eIMTA UE that supports TM10 with single CSI process capability
· eIMTA UE that supports TM10 with multiple CSI process capability
2.2. Analyses on sub features
2.2.1. Rel-12 DL CSI subframe set configuration for a serving cell
This sub feature is main sub feature of feature group 7-3 and will be applicable to all UE feature combinations listed in section 2.1 irrespective of UE’s support for eIMTA or TM10. CSI subframe set will be configured semi-statically through RRC signaling in similar way as Rel-10 CSI measurement subframe set for eICIC. For non-eIMTA UE, DL subframes in SIB1 configuration would be partitioned into two subframe set. However, for eIMTA UE, at least one subframe set includes flexible DL subframes that are dynamically reconfigured from UL subframe to DL subframe according to traffic adaptation. 
Proposal 1. CSI test should verify UE’s capability to handle Rel-12 CSI subframe set configuration. 

2.2.2. CSI measurement and reporting with Rel-12 DL subframe sets for TM 1-9
In TM1-8, CSI measurement is made from CRS for both channel and noise/interference part. In TM9, CSI measurement is made from CSI-RS for channel part and from CRS for noise/interference part. Since channel is supposed to be same except for potential TPR adjustment between two subframe sets, UE can always measure channel part in fixed subframe. 
For non-eIMTA UE, CSI measurement for two subframe sets is same as Rel-10 CSI measurement set for eICIC. Also, periodic CSI reporting procedure is same as Rel-10 CSI measurement set for eICIC. However, there is a change in aperiodic CSI reporting triggering method. In Rel-10 eICIC, CSI subframe set for aperiodic CSI reporting is determined by PDCCH subframe in which CSI reporting is triggered. On the other hand, in Rel-12, CSI subframe set for aperiodic CSI reporting is dynamically signalled via 2 bit CSI request field in DCI 0/3. Note that procedure change for aperiodic CSI reporting is also applicable for TM10 CSI measurement. 
For eIMTA UE, the biggest challenge is interference measurement in CSI subset with flexible DL subframes. Depending on dynamic L1 reconfiguration for UL-DL configuration, CSI reference resource may change per reconfiguration period. Also, for aperiodic CSI reporting, it is possible that there is no valid CSI reference resource between triggering subframe and subframe n-4. In order to prepare for such case, UE has to buffer CRS samples for CSI measurement before aperiodic CSI triggering. 
Proposal 2. CSI test should verify UE’s capability to support new aperiodic CSI reporting procedure based on 2 bit CSI request field.
Proposal 3. CSI test should verify UE’s capability to measure CSI for subframes set consisting of flexible DL subframes.

2.3. CSI measurement and reporting with Rel-12 DL subframe sets for TM 10
In TM10, CSI measurement is made from CSI-RS for channel part and from CSI-IM for noise/interference part. Since minimum periodicity of Rel-11 CSI-IM configuration is 5ms, it is impossible to cover both fixed and flexible subframe by one CSI-IM configuration. Thus, it was decided in RAN1 to allow association of two CSI-IM configurations per CSI process. Each CSI-IM resource is supposed to have different subframe offset to measure different interference in fixed and flexible subframe. In order to implement proper rate matching around two CSI-IM configurations, it was also agreed to configure two ZP-CSI-RS configurations. Note that rate matching around two ZP-CSI-RS configurations are applicable to both TM10 and non-TM10 UEs. 
Proposal 4. CSI test should verify UE’s capability for TM10 CSI measurement with 2 CSI-IM per CSI process.

Proposal 5. CSI test should verify UE’s capability to handle PDSCH rate matching around two ZP-CSI-RS configurations.

Table 1 summarizes implication of Rel-12 subframe set dependent CSI measurement/reporting on each of UE feature combination. 
Table 1. Implication of Rel-12 subframe set dependent CSI measurement/reporting
	
	non-eIMTA non-TM10 UE
	non-eIMTA TM10 UE with single CSI process support
	non-eIMTA TM10 UE with multiple CSI process support
	eIMTA non-TM10 UE
	eIMTA TM10 UE with single CSI process support
	eIMTA TM10 UE with multiple CSI process support

	CSI measurement set on Pcell
	RRC configured but with different pattern than eICIC
	RRC configured but with different pattern than eICIC
	RRC configured but with different pattern than eICIC
	RRC configured but with different pattern than eICIC
	RRC configured but with different pattern than eICIC
	RRC configured but with different pattern than eICIC

	CSI measurement set on Scell
	apply method for CSI subframe set configuration in PCell
	apply method for CSI subframe set configuration in PCell
	apply method for CSI subframe set configuration in PCell
	apply method for CSI subframe set configuration in PCell
	apply method for CSI subframe set configuration in PCell
	apply method for CSI subframe set configuration in PCell

	CSI subframe set
	both sets consists of DL subframes in SIB1 config 
	both sets consists of DL subframes in SIB1 config
	both sets consists of DL subframes in SIB1 config
	one set includes DL subframes that is not in SIB1 config
	one set includes DL subframes that is not in SIB1 config
	one set includes DL subframes that is not in SIB1 config

	CSI measurement for TM1-TM9 with periodic CSI reporting
	no change relative to Rel-10 eICIC
	no change relative to Rel-10 eICIC
	no change relative to Rel-10 eICIC
	interference measurement on flexible SF
	interference measurement on flexible SF
	interference measurement on flexible SF

	CSI measurement for TM1-TM9 with aperiodic CSI reporting
	no change relative to Rel-10 eICIC
	no change relative to Rel-10 eICIC
	no change relative to Rel-10 eICIC
	interference measurement on flexible SF + measurement before CSI trigger
	interference measurement on flexible SF + measurement before CSI trigger
	interference measurement on flexible SF + measurement before CSI trigger

	CSI measurement for TM10 with periodic/aperiodic CSI reporting
	N/A
	2 CSI-IM for single CSI process
	configuration of 4 CSI-IM + 2 CSI-IM per CSI process
	N/A
	interference measurement on flexible SF  + 2 CSI-IM for single CSI process
	interference measurement on flexible SF   + configuration of 4 CSI-IM + 2 CSI-IM per CSI process

	periodic CSI reporting
	same
	same
	same
	CSI reporting when L1 configuration is not decoded
	CSI reporting when L1 configuration is not decoded
	CSI reporting when L1 configuration is not decoded

	aperiodic CSI reporting triggering
	2 CSI request bits determine CSI subframe set
	2 CSI request bits determine CSI subframe set
	2 CSI request bits determine CSI subframe set and CSI process
	2 CSI request bits determine CSI subframe set
	2 CSI request bits determine CSI subframe set and CSI process
	2 CSI request bits determine CSI subframe set and CSI process

	Rate matching around 2 ZP-CSI-RS configurations
	applicable
	applicable
	applicable
	applicable
	applicable
	applicable

	Test case
	Test 1A
	Test 1B
	Test 1B
	Test 1A, Test 2
	Test 1B, Test 2
	Test 1B, Test 2


3. Test framework
Based on feature analyses in section 2, we propose following set of CSI tests. 

· CQI definition test with aperiodic CSI reporting
· non-TM10 test (test 1A)
· TM10 single CSI process test (test 1B)
· CQI definition test for eIMTA UE with aperiodic CSI reporting (test 2)
3.1. CQI definition test with aperiodic CSI reporting

This test is baseline eIMTA CSI test and applicable to UE supporting feature group 7-3 irrespective of support for feature group 7-1. Test 1A is applicable to non-TM10 UE and test 1B is applicable to TM10 UE. Both test 1A and test 1B are supposed to verify following feature. 
· Rel-12 CSI subframe set configuration

· new aperiodic CSI reporting procedure based on 2 bit CSI request field

· PDSCH rate matching around two ZP-CSI-RS configurations

Test 1B serves additional purpose of verifying TM10 CSI measurement with 2 CSI-IM per CSI process. Note that test 1B is configured with single CSI process and thus applicable to TM10 UE with both single and multiple CSI process capability. 
Table 1 lists test configuration for test 1A and test 1B. It can be noted that
· two CSI subframe set is configured with different Noc level between two sets

· CSI reporting for set 0 (set 1) is triggered in DL SF that belongs to set 1 (set 0) to check proper implementation of new aperiodic CSI reporting procedure
· Two ZP-CSI-RS is configured to verify rate PDSCH matching around two ZP-CSI-RS configurations.
· Test 1A is configured with TM9 and test 1B is configured with TM10

Table 1. Test configuration for test 1A and test 1B

	Parameters
	Test 1A
	Test 1B

	System bandwidth 
	10MHz
	10MHz

	SIB1 TDD UL-DL configuration
	1 (DSUUDDSUUD)
	1 (DSUUDDSUUD)

	Special subframe configuration
	4
	4

	TDD mode A
	Not configured
	Not configured

	Transmission mode
	9
	10

	Antenna configuration
	2x2
	2x2

	Propagation channel
	Static channel (B.1 of 36.101)
	Static channel (B.1 of 36.101)

	CRS reference signal
	Antenna ports 0, 1
	Antenna ports 0, 1

	CSI reference signal
	Antenna ports 15, 16
	Antenna ports 15, 16

	CSI-RS periodicity / SF offset
	5/4 (subframe 4, 9)
	5/4 (subframe 4, 9)

	CSI-RS resource configuration
	0
	0

	ZP-CSI-RS 0 periodicity / SF offset
	5/0 (subframe 0, 5)
	5/0 (subframe 0, 5)

	ZP-CSI-RS 0 bitmap
	0000010000000000
	0000010000000000

	ZP-CSI-RS 1 periodicity / SF offset
	5/4 (subframe 4, 9)
	5/4 (subframe 4, 9)

	ZP-CSI-RS 1 bitmap
	0100000000000000
	0100000000000000

	CSI-IM 0 periodicity / SF offset
	N/A
	5/0 (subframe 0, 5)

	CSI-IM 0 resource configuration
	N/A
	5

	CSI-IM 1 periodicity / SF offset
	N/A
	5/4 (subframe 4, 9)

	CSI-IM 1 resource configuration
	N/A
	1

	CSI process 0 
	N/A
	CSI-RS + {CSI-IM 0, CSI-IM 1}

	Codebook subset restriction
	010000
	010000

	PDSCH scheduling SF
	{0, 5} and {4, 9}
	{0, 5} and {4, 9}

	PRB allocation
	41 PRBs (0–20 and 30–49)
	41 PRBs (0–20 and 30–49)

	CSI feedback mode
	PUSCH 3-1
	PUSCH 3-1

	CSI subframe set 0
	0, 1, 6, 9
	0, 1, 6, 9

	CSI subframe set 1
	4, 9
	4, 9

	Noc in set 0
	-98dBm/15kHz
	-98dBm/15kHz

	Noc in set 1
	-104dBm/15kHz
	-104dBm/15kHz

	aperiodic CSI trigger for set 0
	in SF 4 and 9
	in SF 4 and 9

	CSI reporting for set 0
	in SF 8 and 3
	in SF 8 and 3

	aperiodic CSI trigger for set 1
	in SF 0 and 5
	in SF 4 and 9

	CSI reporting for set 1
	in SF 7 and 2
	in SF 7 and 2

	Test metric
	CQI distribution and CW1 BLER for set 0 and set 1
CQI difference between set 0 and set 1
	CQI distribution and CW1 BLER for set 0 and set 1

CQI difference between set 0 and set 1


3.2. CQI definition test for eIMTA UE with aperiodic CSI reporting
This test is applicable to UE supporting both feature group 7-1 and feature group 7-3. Test 2 is supposed to verify following feature. 

· Rel-12 CSI subframe set configuration

· interference measurement on flexible SF
· CSI measurement before aperiodic CSI trigger

Table 2 lists test configuration for test 2. It can be noted that

· two CSI subframe set is configured with different Noc level between two sets

· TDD mode A, i.e., eIMTA operation, is configured and UL-DL configuration is dynamically changed via L1 reconfiguration signaling with 20ms periodicity

· For CSI set 0, aperiodic CSI reporting is triggered in SF 1 and CSI is reported in SF 7. Valid CSI reference resource is always available after triggering SF. 
· For CSI set 1, aperiodic CSI reporting is triggered in SF 6 and CSI is reported in SF 2. Valid CSI reference resource is available after triggering SF only when reconfigured UL-DL configuration is 2. 

Table 2. Test configuration for test 2
	Parameters
	Test 2

	System bandwidth 
	10MHz

	SIB1 TDD UL-DL configuration
	1 (DSUUDDSUUD)

	Special subframe configuration
	4

	TDD mode A
	Configured

	DL HARQ reference UL-DL configuration
	2 (DSUDDDSUDD)

	reconfiguration periodicity
	20 ms

	Reconfiguration candidates
	0, 1, 2

	Transmission mode
	TM2

	Antenna configuration
	2x2

	Propagation channel
	Static channel (B.1 of 36.101)

	CRS reference signal
	Antenna ports 0, 1

	PDSCH scheduling SF
	UL-DL config 0 : {0, 5}

UL-DL config 1 : {0, 5} and {4, 9}

UL-DL config 2 : {0, 5} and {3, 4, 8, 9}

	PRB allocation
	41 PRBs (0–20 and 30–49)

	CSI feedback mode
	PUCCH 1-0

	CSI subframe set 0
	0, 1, 6, 9

	CSI subframe set 1
	3, 4, 8, 9

	Noc in set 0
	-98dBm/15kHz

	Noc in set 1
	-104dBm/15kHz

	aperiodic CSI trigger for set 0
	in SF 1

	CSI reporting for set 0
	in SF 7

	aperiodic CSI trigger for set 1
	in SF 6

	CSI reporting for set 1
	in SF 2

	Test metric
	CQI distribution and CW 0 BLER for set 0 and set 1

CQI difference between set 0 and set 1


4. Conclusions

In this contribution, we provided our view on eIMTA CSI performance requirements. Our proposals are
Proposal 1. CSI test should verify UE’s capability to handle Rel-12 CSI subframe set configuration. 

Proposal 2. CSI test should verify UE’s capability to support new aperiodic CSI reporting procedure based on 2 bit CSI request field.

Proposal 3. CSI test should verify UE’s capability to measure CSI for subframes set consisting of flexible DL subframes.

Proposal 4. CSI test should verify UE’s capability for TM10 CSI measurement with 2 CSI-IM per CSI process.

Proposal 5. CSI test should verify UE’s capability to handle PDSCH rate matching around two ZP-CSI-RS configurations.

Proposal 6. Introduce baseline Rel-12 CSI subframe set test applicable to all 7-3 UE irrespective of support for 7-1 feature. 
Proposal 7. Introduce Rel-12 CSI subframe set test with eIMTA applicable to UE supporting both 7-1 and 7-3 feature. 
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