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1. Introduction

In RAN4 #73 and #74 meetings multiple further agreements on the LTE TDD eIMTA CSI reporting requirements were reached and are captured in [1, 2]. In this contribution, we continue discussion on the details of the agreed eIMTA CSI reporting tests and also share our views on the test cases applicability.
2. Test case applicability
The summary of the agreed LTE TDD eIMTA CSI reporting test cases is provided in Table 1. In our view, the current test coverage is rather broad and no additional test case are needed.
Table 1. CSI reporting test cases coverage
	Features

Test case
	CSI reporting
	TM
	Required eIMTA features

	Test 1A
	Aperiodic CQI
	TM 1-9
	7-3

	Test 1B
	Aperiodic CQI
	TM 10
	7-3

	Test 2A
	Periodic CQI
	TM 1-9
	7-1 & 7-3


To limit the number of tests to pass the clear rules for the new CSI reporting tests applicability need to be defined. Our proposals on the test case applicability depending on the supported UE capabilities are shown in Table 2.
Table 2. CSI reporting test cases applicability

	UE capability

Test case
	7-1 only
	7-3 only
	7-1 & 7-3

	
	
	No TM10
	TM10
	No TM10
	TM10

	Legacy CSI tests
	Yes
	Yes
	Yes
	Yes
	Yes

	Test case 1A
	No
	Yes
	Yes
	Yes
	Yes

	Test case 1B
	No
	No
	Yes
	No
	Yes

	Test case 2A
	No
	No
	No
	Yes
	Yes


Note: “No TM10” stands for UE without TM10 capabilities, while “TM10” mean that UE supports TM10 with either single or multiple CSI processes.

Proposal #1: Define CSI reporting test cases applicability in accordance to Table 2.

3. Test case 1A (TM1-9 A-CQI, eIMTA 7-1)

In the previous meeting the following agreements on the Test Case 1A parameters were reached [2]:

Test purpose of test case 1A is:

· 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.

Following parameter are captured with some agreed baseline.

· System bandwidth: 10 MHz

· Special subframe configuration: Configuration #4
· Propagation conditions

· Option 1: static channel

· Option 2: fading channel

· Antenna configuration: 2x2

· Transmission mode: 2
· SIB1 TDD UL-DL configuration: Configuration #2

· Two Noc levels are defined. One is used for the subframes associated with CSI subframe set #0; the other is used for the subframes associated with CSI subframe set #1. Following parameters are agreed:

· Noc in set 0: -98dBm/15kHz

· Noc in set 1 when configured as DL:[-108dBm]/15kHz

· Two CSI subframe sets are configured. The details for these two configurations are FFS. 

· CSI feedback mode: TBD
· Two zero-power CSI reference signal are configured. The details for these two configurations are FFS. The agreed configuration in table 2 is encouraged to be reused as much as possible.  
· PDSCH resource allocation: TBD.

· Test metric: TBD. 

· Test applicability: TBD

The following parameters are proposed for the aperiodic CQI reporting test 1A:
· Propagation conditions: Fading channel model can be used to verify UE makes correct buffering of the aperiodic CSI measurements in case when the CSI reference resource is before the A-CSI trigger.

· CSI subframe sets:

· CSI subframe set #0:

· Subframes {0, 1, 5, 6, 8, 9}.

· CQI reporting is triggered every frame in subframe #3.

· CQI report is done in subframe #7.

· CSI subframe set #1:

· Subframes {3, 4}.

· CQI reporting is triggered every frame in subframe #8.

· CQI report is done in subframe #2.

· CSI feedback mode: PUSCH 3-0
· PDSCH resource allocation: 6 PRB PDSCH resource allocation can be applied. To avoid overlap with the synchronization signals and PBCH, the PDSCH can be scheduled in subframes 3, 4, 8, and 9
· ZP CSI-RS: To check rate-matching functionality, the ZP CSI-RS should overlap with the PDSCH resource allocation (e.g. subframes 4 and 9)
· Test metrics: As one of the potential tests metrics the wideband CQI difference can be used. Additionally, the throughput ratio between the subframe set  
The proposed aperiodic CQI reporting test setup CSI subframe sets and CQI report triggering, reporting and CSI reference resources are illustrated in Figure 1.
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Figure 1. Aperiodic CQI reporting test case 1A
Below, in Table 3 we provide our views on the test parameters (the proposed parameters are marked in cyan).
Table 3. Parameters for test case 1A

	Parameters
	Test 1A

	System bandwidth 
	10MHz

	SIB1 TDD UL-DL configuration
	2

	Special subframe configuration
	4

	L1 UL-DL reconfiguration
	Not configured

	Transmission mode
	2

	Antenna configuration
	2x2

	Propagation conditions
	B.2.4 with τD = 0.45 mus, a = 1, fD = 5 Hz

	CRS reference signal
	Antenna ports 0, 1

	CSI-RS
	NA

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

	ZP CSI-RS 0 configuration bitmap
	0000010000000000

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

	ZP-CSI-RS 1 configuration bitmap
	0100000000000000

	CSI feedback mode
	PUSCH 3-0

	CSI subframe 
set 0
	Subframe set
	0, 1, 5, 6, 8, 9

	
	A-CSI trigger
	SF 3

	
	A-CSI report
	SF 7

	CSI subframe 
set 1
	Subframe set
	3, 4

	
	A-CSI trigger
	SF 8

	
	A-CSI report
	SF 2

	SNR (noise) level of two CSI subframe set
	Noc in set 0: -98dBm/15kHz
Noc in set 1 when configured as DL:-[108dBm]/15kHz

	PDSCH resource allocation
	6 PRB, SFs 3, 4, 8, and 9

	Maximum number of HARQ transmissions
	1

	Test metrics
	Wideband CQI difference between CSI SF set 0 and 1

Throughput ratio between CSI SF set 0 and set 1


Proposal #1: Use parameters in Table 3 for the Test Case 1A.

4. Test case 1B (TM10 A-CQI, eIMTA 7-1)

In the previous meeting the following agreements on the Test Case 1B were reached [2]:

Test purpose of test case 1B is:

· 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

Following parameter are captured with some agreed baseline.

· System bandwidth: 10 MHz

· Special subframe configuration: Configuration # 4
· Propagation conditions

· Option 1: static channel

· Option 2: fading channel

· Antenna configuration: 2x2

· Transmission mode: TM10

· SIB1 TDD UL-DL configuration: Configuration #2

· Two Noc levels are defined. One is used for the subframes associated with CSI subframe set #0; the other is used for the subframes associated with CSI subframe set #1. Following parameters are agreed:

· Noc in set 0: -98dBm/15kHz

· Noc in set 1 when configured as DL:[-108dBm]/15kHz

· Two CSI subframe sets are configured. The details for these two configurations are FFS. The agreed configuration in table 2 is encouraged to be reused as much as possible.  
· CSI feedback mode: TBD
· Two zero-power CSI reference signal are configured Two zero-power CSI reference signal are configured. The details for these two configurations are FFS. The agreed configuration in table 2 is encouraged to be reused as much as possible.
· Ones CSI process is configured and two CSI-IMs are configured for each CSI process. One transmission point is configured in this test. The details are FFS.

· PDSCH resource allocation: TBD.

· Test metric: TBD
· Test applicability: TBD
The parameters for the Test case 1B are the same as for the test case 1A with the exception of using TM10 and addition of the TM10-specific parameters for CSI-IM. Below, in Table 4 we provide our views on the test case 1B parameters.
Table 4. Parameters for test case 1B

	Parameters
	Test 1A

	System bandwidth 
	10MHz

	SIB1 TDD UL-DL configuration
	2

	Special subframe configuration
	4

	L1 UL-DL reconfiguration
	Not configured

	Transmission mode
	10

	Antenna configuration
	2x2

	Propagation conditions
	B.2.4 with τD = 0.45 mus, a = 1, fD = 5 Hz

	CRS reference signal
	Antenna ports 0, 1

	NZP CSI-RS period / offset
	5/4 (SF 4, 9)

	NZP CSI-RS resource configuration
	0

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

	ZP CSI-RS 0 configuration bitmap
	0000010000000000

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

	ZP-CSI-RS 1 configuration bitmap
	0100000000000000

	CSI-IM 0 
	Same as ZP CSI-RS 0

	CSI-IM 1 
	Same as ZP CSI-RS 1

	CSI feedback mode
	PUSCH 3-1

	CSI subframe 
set 0
	Subframe set
	0, 1, 5, 6, 8, 9

	
	A-CSI trigger
	SF 3

	
	A-CSI report
	SF 7

	CSI subframe 
set 1
	Subframe set
	3, 4

	
	A-CSI trigger
	SF 8

	
	A-CSI report
	SF 2

	Noc 
	Noc in subframe set 0: -98dBm/15kHz
Noc in subframe set 1 when configured as DL:-[108dBm]/15kHz

	SNR in subframe set 0
	TBD

	Codebook subset restriction
	000001

	PDSCH resource allocation
	6 PRB, SFs 3, 4, 8, and 9

	Maximum number of HARQ transmissions
	1

	Test metrics
	Wideband CQI difference between CSI SF set 0 and 1

Throughput ratio between CSI SF set 0 and set 1


Proposal #2: Use parameters in Table 4 for the Test Case 1B.

5. Test case 2A (TM1-9 P-CQI, eIMTA 7-1 & 7-3)

In the previous meeting a number of agreements on the Test Case 2A parameters were reached [2]. A few remaining details still need to be clarified:
· L1 UL-DL reconfiguration: The rules for the L1 UL-DL reconfiguration are not defined. For instance, cyclic switching of UL-DL configurations {0, 2} in the consecutive frames can be used.

· PDSCH resource allocation: Based on current agreement TDD configuration #2 is used. Furthermore, the CSI subframe set 0 includes subframes 0, 1, 5, and 6. Therefore it case of wideband resources allocation it is not possible to avoid overlap with the PBCH, synchronization signals, and SIB transmissions. So, non-wideband resource allocation can be used instead as proposed in [3]. However, additional analysis on the BLER performance may be needed to confirm BLER requirement applicability for the particular scenario.
· P-CSI reporting: For CSI subframe set #1 it was agreed to make periodic CQI report in subframe #7. To check correct CQI reporting collision handling behaviour, the 5ms reporting period can be configured (i.e. SFs 2 and 7). CSI for subframes set #1 should not be reported in SF #2 due to collision handling. In case of wrong implementation CSI for subframe set #0 may not be reported (e.g. UE may report CQI report for subframe set #1 instead) and such issues can be detected in the test.

Below, in we provide the summary of the Test Case 2A parameters (the proposed parameters are marked in cyan).

Table 5. Test case 2A parameters

	Parameters
	Test

	System bandwidth
	10

	Special subframe configuration
	4

	Uplink-downlink configuration indicated by SIB-1
	0

	DL HARQ reference UDL config
	2

	L1 UL-DL reconfiguration
	Cyclically selected from {0, 2}

	Periodicity for the uplink-downlink configuration change
	10ms

	Subframe for L1 uplink-downlink reconfiguration signalling
	SF #5

	PDSCH transmission mode
	9

	Antenna configuration
	2x2

	Propagation channel
	Clause B.1

	Beamforming model
	fixed PMI

	CRS signal
	Port 0 and 1

	CSI-RS signal
	Port 15 and 16

	codebook subset restriction
	[000001]

	CSI-RS configuration
	periodicity and subframe offset
	[5/4 (subframe 4, 9)]

	
	resource configuration
	4

	ZP-CSI-RS 0
	periodicity and subframe offset or ICSI-RS
	5/0 (subframe 0, 5)

	
	bitmap
	0000010000000000

	ZP-CSI-RS 1
	periodicity and subframe offset or ICSI-RS
	5/4 (subframe 4, 9)

	
	bitmap
	0100000000000000

	eIMTA CSI subset 0
	subframe set
	0, 1, 5, 6

	
	P-CSI report
	in SF 2

	eIMTA CSI subset 1
	subframe set
	3, 4, 8, 9

	
	P-CSI report
	in SF 7 (5 ms reporting period is configured and 
UE skips reporting in SF 2 due to collision handling)

	CSI-MeasSubframeSet-r12
	0001100011

	PDSCH configuration
	eIMTA CSI subset 0: Subframes 0, 1 

eIMTA CSI subset 1: Subframes 3, 4, 8, 9
Non-wideband resource allocation (details FFS)

	SNR (noise) level of two CSI subframe set
	Noc in set 0: -98dBm/15kHz
Noc in set 1 when configured as DL:-108dBm/15kHz

	CSI reporting mode
	PUCCH 1-1

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


Proposal #3: Use parameters in Table 5 for the Test Case 2A.

In Figure 2 we provide an illustration of the Test case 2A setup.
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Figure 2. Periodic CQI reporting test case 2A
6. EPDCCH testing

Two possible methods on how to test the EPDCCH rate matching over two ZP CSI-RS configurations were previously discussed:
Method 1: EPDCCH demodulation requirements
New EPDCCH demodulation tests cases can be introduced to verify respective functionality. In our view, it is not possible to completely reuse the legacy EPDCCH parameters and modify CSI-RS configurations only. The Rel-11 EPDCCH tests for TDD mode use UL-DL configuration 0 and CSI-RS are located in subframes 0 and 5. So, it is not possible to configure additional CSI-RS in the flexible subframes. To resolve the issue new UL-DL configuration needs to be defined for the EPDCCH test. In this case the EPDCCH performance would be impacted, since the proportion of DL and Special subframes would change. So, legacy requirements cannot be reused and new minimum EPDCCH performance requirements need to be defined.

Method 2: CQI requirements for feature group #7-3

Another potential option is to integrate EPDCCH testing into the CSI reporting tests. In this case for the EPDCCH capable UEs, the tests can be configured in a way that DCIs would be transmitted using EPDCCH. In case if UE has wrong implementation, the DCI would fail, negatively impacting the UE demodulation performance.

In the previous meetings several concerns on this approach were mentioned. In particular it was noted that using EPDCCH would affect the final PDSCH coding rate. In our view, those issues can be resolved in case non-wideband PDSCH resource allocation is used and the EPDCCH PRB set is configured in a way to avoid the overlap with the PDSCH. For instance, fixed 6 PRB PDSCH resource allocation can be used for the A-CSI test case 1A. In this case the EPDCCH PRB set can be configured in a way not to overlap with the PDSCH transmissions and thus the PDSCH coding rate will not be affected.

In our view, the Method 2 is more preferable and since it can enable rather easy EPDCCH functionality testing without introduction of additional EPDCCH demodulation tests. For instance, the EPDCCH testing can be integrated into the Aperiodic CQI Test 1A. Two variants of the test may be defined which would differ by the control channel type only. The EPDCCH capable UE should pass the CQI test with the EPDCCH scheduling, while the non-EPDCCH capable UEs would pass a similar test with the PDCCH-based scheduling. Assuming no overlap in the PDSCH and EPDCCH transmissions, identical performance requirements can be defined for both test cases.

Proposal #4: Verification of the EPDCCH rate matching around two configured ZP CSI-RS configurations should be part of the CSI reporting test case #1A:

· The DCIs with the PDSCH assignments are transmitted using EPDCCH
· The EPDCCH and PDSCH resource allocations are non-overlapping
7. Conclusions

In this contribution, we have shared our further views on the eIMTA CSI reporting test setups. In summary we make the following proposals:

Proposal #1: Use parameters in Table 3 for the Test Case 1A.

Proposal #2: Use parameters in Table 4 for the Test Case 1B.

Proposal #3: Use parameters in Table 5 for the Test Case 2A.

Proposal #4: Verification of the EPDCCH rate matching around two configured ZP CSI-RS configurations should be part of the CSI reporting test case #1A:

· The DCIs with the PDSCH assignments are transmitted using EPDCCH
· The EPDCCH and PDSCH resource allocations are non-overlapping
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