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1. Introduction
In RAN4 #74, there was further discussion on CSI test framework for TDD eIMTA and agreements were made as in WF [1]. WF listed following 3 tests as candidates for eIMTA CSI tests. 
· Test case 1A: Non-TM10 aperiodic CQI reporting requirement for feature group #7-3 only

· Test case 1B: TM10 aperiodic CQI reporting requirement for feature group #7-3 only

· Test case 2A: Non-TM10 periodic CQI reporting requirement for the feature group #7-1 & 7-3

For test 2A, simulation assumption was captured in WF. However, still there are following open issues that needs to be resolved. 
· Propagation condition for test 1A/1B

· Test method for EPDCCH rate matching 
· Test cases applicability

· Resource allocation for PDSCH
In this contribution, we provide our view on open issues and simulation results for test 2A.  
2. Discussion on open issues
2.1. Propagation condition for test 1A/1B

Two options are proposed for propagation condition for test 1A/1B. 
· Option 1: static channel

· Option 2: fading channel

Either static channel or fading channel can be used to verify
· UE’s capability to handle Rel-12 CSI subframe set configuration 
· UE’s capability to support new aperiodic CSI reporting procedure based on 2 bit CSI request field.
· UE’s capability to handle PDSCH rate matching around two ZP-CSI-RS configurations.
· UE’s capability for TM10 CSI measurement with 2 CSI-IM per CSI process

Some companies that prefers fading channel is arguing that we should define the test in fading channel to verify UE’s capability to buffer aperiodic CSI measurements in case when the CSI reference resource is before the A-CSI trigger. It is true that RAN1 spent much time to specify eIMTA UE behavior for CSI measurement buffering for aperiodic CSI trigger. However, from testability point of view, it is impossible to test whether UE is performing CSI buffering according to specification since CQI test is defined in slow fading channel with 5Hz Doppler frequency. In order to be able to report CSI when CSI reporting for different CSI subframe set is triggered, UE anyway has to buffer CSI measurement, which can be verified also in static channel test. 
Proposal 1. Define test 1A and test 1B in static channel.   

2.2. Test method for EPDCCH rate matching
Two options were identified regarding how to verify RE mapping for EPDCCH when two ZP-CSI-RSs are configured for one PQI state. 
· Option 1: in EPDCCH demodulation requirements
· Option 2: in CQI requirements which is introduced for feature group#7-3

From UE implementation point of view, RE mapping for EPDCCH with Rel-12 CSI subframe set are simple extension of Rel-11 EPDCCH RE mapping, which is already verified by TM9/TM10 EPDCCH test. The only difference is that RE mapping around ZP-CSI-RS needs to be done in two SFs in a given ZP-CSI-RS period instead of one SF. RE mapping behaviour in each ZP-CSI-RS subframe is exactly same as Rel-11 EPDCCH operation. If UE does not have proper RE mapping implementation, UE will not be able to decode EPDCCH correctly. Therefore, either option would be able to fulfill test purpose. 
Observation 1. RE mapping for EPDCCH with Rel-12 CSI subframe set is trivial extension of Rel-11 EPDCCH RE mapping around ZP-CSI-RS and can be verified either by separate EPDCCH demodulation test or CQI test. 
From specification structure point of view, we prefer option 2. First, we would like to point out that EPDCCH RE mapping with Rel-12 CSI subframe set is a sub feature derived from Rel-12 CSI subframe set feature. If we combine verification of EPDCCH RE mapping with CQI test for feature group 7-3, sub features from same feature group are jointly tested in one test. If all sub features are verified in one test, it would be easy to track/maintain test in the future. On the other hand, if we combine EPDCCH RE mapping for Rel-12 CSI subframe set with EPDCCH demodulation test, EPDCCH test would look different between Rel-11 and Rel-12. Furthermore, it is expected that code rate of EPDCCH would change due to introduction of additional ZP-CSI-RS and thus we cannot reuse CINR requirement of existing EPDCCH test. Also, different applicability rule needs to be specified between Rel-11 and Rel-12 EPDCCH test, which might cause unnecessary confusion to RAN5. 
In previous meetings, some concerns were raised on combining EPDCCH RE mapping test with CQI test for Rel-12 CSI subframe set. First concern was that, if EPDCCH is used for PDSCH scheduling, we have to reserve a few number of PRBs for EPDCCH and thus cannot allocate full PRBs on PDSCH. In [2], we provided our analysis on PDSCH resource allocation in CQI test. Another concern was that EPDCCH was never used in CQI test before and thus use of EPDCCH may require too much change relative to existing CQI test. However, DL control channel has no material impact on CQI test and UE is assumed to be able to reliably decode DL control channel in CQI test. Therefore, as long as non-full-PRB allocation is feasible for CQI test, use of EPDCCH as DL control channel would have no issue. 
Proposal 2. Verify EPDCCH RE mapping in CQI test for feature group 7-3.  

2.3. Test cases applicability

In section 2.2, we proposed to verify EPDCCH RE mapping jointly in CQI test. Since EPDCCH RE mapping is optional feature, test cases need to be further divided depending on UE capability as listed below. 

· Test 1A-1 applicable to both non-TM10 and TM10 UE that does not support EPDCCH 
· Test 1A-2 applicable to both non-TM10 and TM10 UE that supports EPDCCH. 
· Test 1B-1 applicable to TM10 UE that does not support EPDCCH 
· Test 1B-2 applicable to TM10 UE that supports EPDCCH. 
Note that UE needs to fulfill only one of these tests depending on TM10 and EPDCCH capability.
Test 2-A is periodic CQI test that is applicable to UEs supporting both feature group 7-1 and 7-3. 

Table 1 summarizes test applicability for eIMTA CQI tests for different UE capabilities. 
Table 1. Test applicability for eIMTA CQI tests

	
	feature group 7-1 only UE
	feature group 7-1 and 7-3 UE

	TM10 not supported and EPDCCH  not supported
	Test 1A-1
	Test 1A-1

Test 2A

	TM10 not supported and EPDCCH supported
	Test 1A-2
	Test 1A-2

Test 2A

	TM10 supported and EPDCCH not supported
	Test 1A-1
Test 1B-1
	Test 1A-1
Test 1B-1

Test 2A

	TM10 supported and      EPDCCH supported
	Test 1A-2
Test 1B-2
	Test 1A-2
Test 1B-2

Test 2A


3. Simulation results for test 2A
Simulation was run to verify the feasibility of test 2A based on the simulation assumption as agreed in [1]. In the simulation assumption, details for PDSCH scheduling is not specified. In order to verify BLER for both CSI subframe set 0 and set 1, following was assumed in the simulation. 
· CSI subframe set 0: PDSCH is scheduled in SF 0 and 5 with 41 PRB allocation (RB 0~20, 30~49). 41 PRBs are allocated to avoid collision of DM-RS with PSS in center 6 PRBs.

· CSI subframe set 1: PDSCH is scheduled in SF 3,4,8 and 9 when dynamic subframes are configured as DL subframes. 41 PRBs are allocated for PDSCH to align with PDSCH allocation in CSI subframe set 0. 

First, we would like to provide CQI-to-MCS mapping table for different subframes. It is assumed that 41 PRBs are allocated with 2 CRS ports and CFI=3. Number of REs are 4756 for subframe 0/5, 4920 for subframe 3/8 and 4674 for subframe 4/9. Table 2 shows CQI-to-MCS mapping for different subframes. Note that CQI-to-MCS mapping is slightly different between SFs due to different CSI-RS and/or ZP-CSI-RS overhead. 
Table 3 shows CQI simulation results for periodic CQI test. It can be observed that
· CQI is always within set {median CQI – 1, median CQI, median CQI +1} at all CINR points. 

· BLER requirement is met in all CINR points. 

It was tentatively agreed that Noc in CSI subframe set 1 is 10dB lower than Noc in CSI subframe set 0. For CINR test point, we would like to propose CINR=11/12 dB for CSI subframe set 0 and CINR=1/2 dB for CSI subframe set 1. 
Proposal 3. Define periodic CQI test at CINR=11/12 dB for CSI subframe set 0 and CINR=1/2 dB for CSI subframe set 1.

Table 2. CQI-to-MCS mapping 

	CQI
	SF 0/5 MCS
	SF 3/8 MCS
	SF 4/9 MCS

	1
	0
	0
	0

	2
	0
	0
	0

	3
	1
	2
	1

	4
	3
	3
	3

	5
	5
	5
	5

	6
	7
	7
	7

	7
	10
	10
	10

	8
	12
	12
	12

	9
	14
	14
	13

	10
	17
	17
	17

	11
	18
	19
	18

	12
	20
	21
	20

	13
	22
	23
	22

	14
	24
	24
	23

	15
	24
	25
	24


Table 3. Simulation results for CQI definition test

	CINR (dB)
	median CQI
	Prob of CQI within (mCQI-1, mCQI+1) (%)
	BLER in CSI subframe set 0 (%)
	BLER in CSI subframe set 1 (%)

	
	
	
	mCQI-1
	mCQI
	mCQI+1
	mCQI-1
	mCQI
	mCQI+1

	-4
	3
	100
	0
	0
	55.6
	0
	0
	55.6

	-3
	4
	100
	0
	0
	100
	0
	0
	99.8

	-2
	5
	100
	0
	2.6
	51.3
	0
	0
	100

	-1
	5
	100
	0
	0
	50
	0
	0
	98.1

	0
	6
	100
	0
	0.306
	50
	0
	0
	100

	1
	6
	100
	0
	0
	50
	0
	0
	100

	2
	6
	100
	0
	0
	38.5
	0
	0
	41.5

	3
	7
	100
	0
	0
	50
	0
	0
	99.9

	4
	7
	100
	0
	0
	35.4
	0
	0
	45.4

	5
	8
	100
	0
	0
	50
	0
	0
	100

	6
	8
	100
	0
	0
	55.3
	0
	0
	45.3

	7
	9
	100
	0
	0
	50
	0
	0
	100

	8
	9
	100
	0
	0
	49.2
	0
	0
	43.2

	9
	10
	100
	0
	0
	66
	0
	0
	91.4

	10
	10
	100
	0
	0
	32.5
	0
	0
	43.2

	11
	11
	100
	0
	0
	47.9
	0
	0
	100

	12
	11
	100
	0
	0
	38.2
	0
	0
	33.8

	13
	12
	100
	0
	0
	49.6
	0
	0
	100

	14
	12
	100
	0
	0
	55.9
	0
	0
	55.9

	15
	13
	100
	0
	0
	68
	0
	0
	100

	16
	14
	100
	0
	26.3
	100
	0
	0
	100


4. Test configuration for test 1A/1B
4.1. Test case 1A: Non-TM10 aperiodic CQI reporting requirement for feature group #7-3 only

Test purpose of test case 1A is to verify
· UE’s capability to handle Rel-12 CSI subframe set configuration 

· UE’s capability to support new aperiodic CSI reporting procedure based on 2 bit CSI request field.
· UE’s capability to buffer aperiodic CSI measurements in case when the CSI reference resource is before the A-CSI trigger.
· UE’s capability to handle PDSCH rate matching around two ZP-CSI-RS configurations.
Test 1A is further divided into test 1A-1 and test 1A-2 depending on whether UE supports EPDCCH or not.  

Table 4. Test configuration for test 1A

	Parameters
	Values

	System bandwidth 
	10MHz

	SIB1 TDD UL-DL configuration
	2 (DSUDDDSUDD)

	Special subframe configuration
	4

	TDD mode A
	Not configured

	Transmission mode
	2

	Antenna configuration
	2x2

	Propagation channel
	Static channel (B.1 of 36.101)

	CRS reference signal
	Antenna ports 0, 1

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

	ZP-CSI-RS 0 bitmap
	0000010000000000

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

	ZP-CSI-RS 1 bitmap
	0100000000000000

	Codebook subset restriction
	010000

	PDSCH scheduling SF
	{0, 3, 4, 8, 9}

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

	EPDCCH PRB allocation
	8 PRBs (21-28), applicable to only test 1A-2

	CSI feedback mode
	PUSCH 3-0

	CSI subframe set 0
	0, 1, 5, 6

	CSI subframe set 1
	3, 4, 8, 9

	Noc in set 0
	-98dBm/15kHz

	Noc in set 1
	-108dBm/15kHz

	aperiodic CSI trigger for set 0
	in SF 8

	CSI reporting for set 0
	in SF 2

	aperiodic CSI trigger for set 1
	in SF 3

	CSI reporting for set 1
	in SF 7

	Test metric
	The wideband CQI1 shall be within the set {median CQI1 -1, median CQI1, median CQI1 +1} for more than 90% of the time 
CW 0 and CW 1 should meet BLER requirement in both set 0 and set 1
wideband CQIset 0 – wideband CQIset 1 ≥ 2 for more than 90% of time


Table 4 lists test configuration for test 1A. It can be noted that

· CQI definition test in static channel is sufficient to verify that UE is measuring CQI according to Rel-12 CSI subframe set configuration. 

· SIB 1 UL-DL configuration is 2 to allow scheduling of more PDSCHs in a radio frame.

· TM2 is selected as transmission mode.

· Two CSI subframe set is configured with different Noc level. Noc in subframe set 0 is 10dB higher than Noc in subframe set 1. If UE does not follow CSI subframe set signaling for noise/interference measurement, CQI will not align with PDSCH demodulation performance. 
· CSI reporting for set 0 is triggered in DL SF in set 1 to verify proper implementation of new aperiodic CSI reporting procedure.

· Two ZP-CSI-RS is configured to verify PDSCH rate matching around two ZP-CSI-RS configurations.

· In test 1A-1, PDCCH is used for DL control channel while EPDCCH is used for DL control channel in test 1A-2. 

· When EPDCCH is used for DL control channel, center 8 PRBs (PRB 21-28) are allocated to EPDCCH set.

· PDSCH in CSI subframe set 0 (SF 0), is scheduled according to WB CQI for CSI subframe set 0 and PDSCH in CSI subframe set 1 (SF 3, 4, 8, and 9) is scheduled according to WB CQI for CSI subframe set 1. 
4.2. Test case 1B: TM10 aperiodic CQI reporting requirement for feature group #7-3 only
Test purpose of test case 1A is to verify
· UE’s capability to handle Rel-12 CSI subframe set configuration 

· UE’s capability to support new aperiodic CSI reporting procedure based on 2 bit CSI request field.
· UE’s capability for TM10 CSI measurement with 2 CSI-IM per CSI process

· UE’s capability to buffer aperiodic CSI measurements in case when the CSI reference resource is before the A-CSI trigger

· UE’s capability to handle PDSCH rate matching around two ZP-CSI-RS configurations.
Test 1B is further divided into test 1B-1 and test 1B-2 depending on whether UE supports EPDCCH or not.  

Table 5 lists test configuration for test 1B. It can be noted that

· CQI definition test in static channel is sufficient to verify that UE is measuring CQI according to Rel-12 CSI subframe set configuration. 

· SIB 1 UL-DL configuration is 2 to allow scheduling of more PDSCHs in a radio frame.

· TM10 is selected as transmission mode.

· Two CSI subframe set is configured with different Noc level. Noc in subframe set 0 is 10dB higher than Noc in subframe set 1. If UE does not follow CSI subframe set signaling for noise/interference measurement, CQI will not align with PDSCH demodulation performance. 

· CSI-IM for CSI subframe set 0 is configured in SF 4 with periodicity of 10 SF. CSI-IM for CSI subframe set 1 is configured in SF 9 with periodicity of 10 SF. 

· Since one CSI process is configured in the test, test is applicable to TM10 UE with both single and multiple CSI process capability. 

· CSI reporting for set 0 is triggered in DL SF in set 1 to verify proper implementation of new aperiodic CSI reporting procedure.
· Two ZP-CSI-RS is configured to verify PDSCH rate matching around two ZP-CSI-RS configurations.

· In test 1B-1, PDCCH is used for DL control channel while EPDCCH is used for DL control channel in test 1B-2. 

· When EPDCCH is used for DL control channel, center 8 PRBs (PRB 21-28) are allocated to EPDCCH.

· PDSCH in CSI subframe set 0 (SF 0), is scheduled according to WB CQI for CSI subframe set 0 and PDSCH in CSI subframe set 1 (SF 3, 4, 8, and 9) is scheduled according to WB CQI for CSI subframe set 1. 

Table 5. Test configuration for test 1B
	Parameters
	Values

	System bandwidth 
	10MHz

	SIB1 TDD UL-DL configuration
	2 (DSUDDDSUDD)

	Special subframe configuration
	4

	TDD mode A
	Not configured

	Transmission mode
	10

	Antenna configuration
	2x2

	Propagation channel
	Static channel (B.1 of 36.101)

	CRS reference signal
	Antenna ports 0, 1

	CSI-RS reference signal
	Antenna ports 15, 16

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

	CSI-RS resource configuration
	0

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

	ZP-CSI-RS 0 bitmap
	0000010000000000

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

	ZP-CSI-RS 1 bitmap
	0100000000000000

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

	CSI-IM 0 resource configuration
	5

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

	CSI-IM 1 resource configuration
	1

	Number of CSI processes
	1

	CSI process in CSI subframe set 0
	CSI-RS + CSI-IM 0

	CSI process in CSI subframe set 1
	CSI-RS + CSI-IM 1

	Codebook subset restriction
	010000

	PDSCH scheduling SF
	{0, 3, 4, 8, 9}

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

	EPDCCH PRB allocation
	8 PRBs (21-28), applicable to only test 1A-2

	CSI feedback mode
	PUSCH 3-1

	CSI subframe set 0
	0, 1, 5, 6

	CSI subframe set 1
	3, 4, 8, 9

	Noc in set 0
	-98dBm/15kHz

	Noc in set 1
	-108dBm/15kHz

	aperiodic CSI trigger for set 0
	in SF 8

	CSI reporting for set 0
	in SF 2

	aperiodic CSI trigger for set 1
	in SF 3

	CSI reporting for set 1
	in SF 7

	Test metric
	The wideband CQI1 shall be within the set {median CQI1 -1, median CQI1, median CQI1 +1} for more than 90% of the time 
CW 0 and CW 1 should meet BLER requirement in both set 0 and set 1
wideband CQIset 0 – wideband CQIset 1 ≥ 2 for more than 90% of time


5. Conclusions

In this contribution, we provided our view on remaining open issues and test case design for eIMTA CSI performance requirements. Our observations and proposals are
Observation 1. RE mapping for EPDCCH with Rel-12 CSI subframe set is trivial extension of Rel-11 EPDCCH RE mapping around ZP-CSI-RS and can be verified either by separate EPDCCH demodulation test or CQI test. 

Proposal 1. Define test 1A and test 1B in static channel.   

Proposal 2. Verify EPDCCH RE mapping in CQI test for feature group 7-3.  

Proposal 3. Define periodic CQI test at CINR=11/12 dB for CSI subframe set 0 and CINR=1/2 dB for CSI subframe set 1.
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