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1. Introduction

In the previous RAN4 meetings multiple agreements on the LTE TDD eIMTA CSI reporting test cases were reached and are captured in [1-3]. The following test cases were agreed to be introduced [3]:

· Test 1A-1: TM2 aperiodic CQI fading requirement for feature group #7-3 without EPDCCH configured
· Test 1A-2: TM2 aperiodic CQI fading requirement for feature group#7-3 with EPDCCH configured
· Test 1B: TM10 aperiodic CQI fading requirement for feature group#7-3 without EPDCCH configured

· Test 2A: TM9 periodic CQI static requirement for feature group#7-1&7-3 without EPDCCH configured

In this contribution, we provide our views on the remaining details of the test scenarios, provide the initial simulation results and also make proposals on the test requirements.
2. Test case 1A (TM2 A-CQI, eIMTA 7-1)
The following test purposes of the test 1A were agreed:

· 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.
· UE’s capability to handle EPDCCH rate matching around two ZP-CSI-RS configurations.
In addition, the majority of the test parameters were decided. Meanwhile, a few remaining details need to be discussed the test metrics and EPDCCH configurations.
Test metrics

The existing CSI reporting test cases have a good enough coverage of the PUSCH 3-0 CSI reporting functionality and verify sub-band differential CQI statistics (sub-band differential CQI offset level of 0 shall be reported at least X % of the time but less than Y%), the frequency selective reporting throughput gains (the ratio of the throughput obtained when transmitting on a sub-bands with the highest differential CQI offset level and that obtained when transmitting on random subband with the wideband CQI), and also the corresponding BLER statistics. The eIMTA CSI tests are not expected to verify the same metrics and should have specific metrics which would allow verification that UE makes correct reporting for the two CSI subframe sets.
The following test metrics can be adopted for the eIMTA CSI reporting test case 1A:

· Median wideband CQI difference between CSI SF set 0 and 1. This metrics would allow verification that UE makes correct CQI estimation for different CSI subframe set in case the SNR mismatch between the subframe sets. In particular, the following requirement can be used: “The value of the median wideband CQI obtained by reports in CSI subframe sets 1 minus the median wideband CQI obtained by reports in CSI subframe sets 1 shall be larger than or equal to [X]”.

· Sub-band differential CQI statistics. To check that UE correctly makes pre-buffering of the frequency selective measurements, the sub-band differential CQI offset statistics can be also tested for each of the CSI subframe sets. For instance, similar to the legacy tests it can be checked that a sub-band differential CQI offset level of 0 shall be reported at least X % of the time but less than Y% for each sub-band for each CSI subframe set.
· Throughput ratio between the CSI SF set 0 and set 1. In addition, the ratio of the throughput in the CSI subframe set 0 and 1 can be tested under assumption of using frequency selective scheduling in each of them (ratio of throughput in each CSI subframe set measured when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level).
Proposal #1: The following performance metrics are used of the Test cases 1A-1 and 1A-2:

· Median wideband CQI difference ΔCQI between CSI SF set 0 and 1
· Sub-band differential CQI statistics for each CSI SF set
· Throughput ratio γ between CSI SF set 0 and set 1 under frequency selective scheduling

EPDCCH

Two potential candidate solutions for the EPDCCH resource allocation were discussed in the last meeting:
· Option 1: EPDCCH is allocated in PRBs {48, 49}. 

· Option 2: Two EPDCCH PRB sets are defined in the different subbands. The EPDCCH is scheduled in a dynamic way to avoid overlap with the scheduled PDSCH resources

In case of using Option 1 the potential collisions with the PDSCH transmissions are automatically resolved since PDSCH is not expected to be scheduler in the PRB pairs 48 and 49. Meantime, only 2 PRB pairs are available for the EPDCCH and hence the only AL 8 can be used. Based on the existing performance requirements, ~2.5 dB SINR is required to achieve the erroneous DCI decoding in this case. So, if the EPDCCH is used in the CSI subframe set 0 with the lower SNR, it might potentially cause some issues due to DCI decoding failure. At the same time, no issues are foreseen for the case of using EPDCCH based scheduling in the CSI subframe set 1. In case of Option 2, two EPDCCH PRB sets comprising of 4 contiguous PRB pairs can be configured in different subbands. To avoid overlap with the PDSCH transmissions, the EPDCCH transmissions can be scheduled in the EPDCCH PRB set which does not overlap with the PDSCH transmission in the same subframe. Furthermore, EPDCCH AL 16 can be used which would result in a safer test point and can potentially be used for the CSI subframe set 0 with the lower SNR. Therefore, the Option 1/2 selection is directly related to the question whether EPDCCH is used in both CSI subframe sets.
To allow more easy verification of the incorrect UE behaviour EPDCCH can be used for the scheduling in the subframes corresponding to the CSI subframe set 1 only. In this case the throughput ratio between CSI SF set 0 and set 1 under frequency selective scheduling can be used to verify correct UE implementation. In particular, ‘incorrect’ UE is expected to fail in the 50% of the PDSCH occasions (based on the test setup 1 out of two subframes has ZP CSI-RS 1). In this case there is no big difference whether Option 1 or 2 is adopted as long as the second subframe set SNR level is high enough.
Proposal #2: For the Test case 1A-2 the EPDCCH is used to schedule PDSCH in the CSI subframe set 1 and Option 1 EPDCCH resource allocation is used.
Simulation results

Below in Figures 1-3 we provide the summary of the simulation results for the Test case 1A including the median wideband CQI difference vs the SNR, sub-band CQI statistics and throughput ratio between subframe set 0 and 1 under assumption of using frequency selective scheduling.
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Figure 1. Test case 1A: Median wideband CQI difference between CSI subframe set 1 and 0
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Figure 2. Test case 1A: Probability of the subband differential CQI offset = 0
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Figure 3. Test case 1A: Throughput ratio between subframe set 1 and 0

The overall simulation results for the Test case 1A can be summarized as follows:

· For the 10dB SNR difference between the CSI subframe set 1 and 0 the median wideband CQI difference between the sets is in the range from 4 to 5.
· The sub-band differential CQI offset level of 0 is reporting fulfils the legacy requirements (TS 36.101 Test 9.3.1.1) for each of the CSI subframe sets
· Throughput ratio γ between CSI SF set 0 and set 1 under frequency selective scheduling is from 1.5 to 3.5
Proposal #3: The following test points and performance requirements are used for the test case 1A:

· Test point 1: SNR0 = 0 dB; SNR1 = 10dB

· Test point 2: SNR0 = 1 dB; SNR1 = 11dB

· Median wideband CQI difference between two subframe sets ΔCQI ≥ 3
· Throughput ratio γ ≥ 1.5
· Reuse legacy tests requirements (test case 9.3.1.1) for sub-band differential CQI offset
· The requirements should be satisfied at least for one of the two test points
3. Test case 1B (TM10 A-CQI, eIMTA 7-1)
The following test purposes of the test 1B were agreed:

· 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

The majority of the test parameters were decided in the previous meeting. For the test metrics similar metrics as for the test case 1A can be used.

Proposal #4: For the Test case 1B use same metrics as for the Test case 1A
Simulation results
In Figures 4-6 we provide the summary of the simulation results for the Test case 1B including the median wideband CQI difference vs the SNR, sub-band CQI statistics and throughput ratio between subframe set 0 and 1 under assumption of using frequency selective scheduling.
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Figure 4. Test case 1B: Median wideband CQI difference between CSI subframe set 1 and 0
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Figure 5. Test case 1B: Probability of the subband differential CQI offset = 0
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Figure 6. Test case 1B: Throughput ratio between subframe set 1 and 0

The overall simulation results for the Test case 1B can be summarized as follows:

· For the 10dB SNR difference between the CSI subframe set 1 and 0 the median wideband CQI difference between the sets is in the range from 4 to 5.
· The sub-band differential CQI offset level of 0 is reporting fulfils the legacy requirements (TS 36.101 Test 9.3.1.1) for each of the CSI subframe sets

· Throughput ratio γ between CSI SF set 0 and set 1 under frequency selective scheduling is from 1.5 to 4.5
Proposal #5: The following test points and performance requirements are used for the test case 1B:

· Test point 1: SNR0 = 0 dB; SNR1 = 10dB

· Test point 2: SNR0 = 1 dB; SNR1 = 11dB

· Median wideband CQI difference between two subframe sets ΔCQI ≥ 3

· Throughput ratio γ ≥ 1.5
· Reuse legacy tests requirements (test case 9.3.1.1) for sub-band differential CQI offset
· The requirements should be satisfied at least for one of the two test points
4. Test case 2A (TM9 P-CQI, eIMTA 7-1 & 7-3)
In this section we share our views on the remaining test details and test metrics for the eIMTA CSI reporting Test case 2A. We also provide the simulation results and make proposals on the test point and requirements selection.
P-CSI collision handling

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.

Test metrics
Based on the current agreements the following performance metrics are used for the test case 2A:

· 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
In our view the current agreements need additional clarifications and can be represented in the following way:
· For each CSI subframe set the following requirements should be specified
· The reported CQI value shall be in the range of ±1 of the reported median more than 90% of the time 

· If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, the BLER using the transport format indicated by the (median CQI + 1) shall be greater than 0.1. 
· If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, the BLER using transport format indicated by (median CQI – 1) shall be less than or equal to 0.1. 
· The value of the median CQI obtained by reports in CSI subframe sets 1 minus the median CQI obtained by reports in CSI subframe sets 1 shall be larger than or equal to [X]
Simulation results
In Figure 7 we illustrate the summary of the simulation results for the median wideband CQI difference statistics for the Test case 2A. The overall simulation results for the Test case 2A can be summarized as follows:

· The reported CQIs are in the range of ±1 of the reported median more than 90% of the time for both CSI subframe sets. 

· The BLER requirements are satisfied for all SNR points for both CSI subframe sets.

· For the 10dB SNR difference between the CSI subframe set 1 and 0 the median wideband CQI difference between the sets is in the range from 4 to 5 for the full range of tested SNR value.
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Figure 7. Test case 2A: Median wideband CQI difference between CSI subframe set 1 and 0

Proposal #6: The following test points and performance requirements are used for the test case 2A:

· Test point 1: SNR0 = 0 dB; SNR1 = 10dB

· Test point 2: SNR0 = 1 dB; SNR1 = 11dB

· Median wideband CQI difference between two subframe sets ΔCQI ≥ 3

· The requirements should be satisfied at least for one of the two test points
5. Conclusions

In this contribution, we have shared our further views on the eIMTA CSI reporting test setups. In addition the simulation results for the test cases are provided and initial proposals on the test requirements were made. In summary we make the following proposals:
Proposal #1: The following performance metrics are used of the Test cases 1A-1 and 1A-2:

· Median wideband CQI difference ΔCQI between CSI SF set 0 and 1
· Sub-band differential CQI statistics for each CSI SF set
· Throughput ratio γ between CSI SF set 0 and set 1 under frequency selective scheduling

Proposal #2: For the Test case 1A-2 the EPDCCH is used to schedule PDSCH in the CSI subframe set 1 and Option 1 EPDCCH resource allocation is used.
Proposal #3: The following test points and performance requirements are used for the test case 1A:

· Test point 1: SNR0 = 0 dB; SNR1 = 10dB

· Test point 2: SNR0 = 1 dB; SNR1 = 11dB

· Median wideband CQI difference between two subframe sets ΔCQI ≥ 3

· Throughput ratio γ ≥ 1.5
· Reuse legacy tests requirements (test case 9.3.1.1) for sub-band differential CQI offset

· The requirements should be satisfied at least for one of the two test points
Proposal #4: For the Test case 1B use same metrics as for the Test case 1A
Proposal #5: The following test points and performance requirements are used for the test case 1B:

· Test point 1: SNR0 = 0 dB; SNR1 = 10dB

· Test point 2: SNR0 = 1 dB; SNR1 = 11dB

· Median wideband CQI difference between two subframe sets ΔCQI ≥ 3

· Throughput ratio γ ≥ 1.5
· Reuse legacy tests requirements (test case 9.3.1.1) for sub-band differential CQI offset

· The requirements should be satisfied at least for one of the two test points
Proposal #6: The following test points and performance requirements are used for the test case 2A:

· Test point 1: SNR0 = 0 dB; SNR1 = 10dB

· Test point 2: SNR0 = 1 dB; SNR1 = 11dB

· Median wideband CQI difference between two subframe sets ΔCQI ≥ 3

· The requirements should be satisfied at least for one of the two test points
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Annex A – Test parameters
Table 1. Test 1A parameters
	Parameter
	Value

	System bandwidth
	10 MHz

	Uplink-downlink configuration indicated by SIB-1
	2

	Special subframe configuration
	4

	L1 UL-DL reconfiguration
	Not configured

	PDSCH transmission mode
	2

	Antenna configuration
	2x2

	Propagation condition
	B.2.4 with τd = 0.45 us, a = 1, fD = 5 Hz

	CRS signal
	Port 0 and 1

	ZP-CSI-RS 0
	periodicity and subframe offset or ICSI-RS
	5/3 (subframe 3, 8)

	
	bitmap
	0000010000000000

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

	
	bitmap
	0100000000000000

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

	
	A-CSI trigger
	SF 3

	
	A-CSI report
	SF 7

	eIMTA CSI subframe set 1
	subframe set
	3, 4

	
	A-CSI trigger
	SF 8

	
	A-CSI report
	SF 2

	CSI-MeasSubframeSet-r12
	0000100001

	Sub-band size and PDSCH scheduling
	6 PRB(full size) in SF#{8,9}for CSI SF set 0

6 PRB (full size) in SF#{3,4}for CSI SF set 1

	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 3-0

	Max number of HARQ transmissions
	1

	ACK/NACK feedback mode
	Multiplexing

	Test metric
	Median WB CQI difference between CSI SF set 0 and 1 ≥ X

SB differential CQI statistics for each CSI SF set

Throughput ratio γ between CSI SF set 0 and set 1 under frequency selective scheduling ≥ Y


Table 2. Test 1B parameters
	Parameter
	Value

	System bandwidth
	10 MHz

	Uplink-downlink configuration indicated by SIB-1
	2

	Special subframe configuration
	4

	L1 UL-DL reconfiguration
	Not configured

	PDSCH transmission mode
	10

	Antenna configuration
	2x2

	Propagation condition
	B.2.4 with τd = 0.45 us, a = 1, fD = 5 Hz

	Antenna configuration
	2x2

	Beamforming Model
	As specified in Section B.4.3

	CRS signal
	Port 0 and 1

	CSI-RS signal
	Port 15.16

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

	
	CSI-RS  configuration
	0

	ZP-CSI-RS 0/ CSI-IM 0
	periodicity and subframe offset or ICSI-RS
	5/3 (subframe 3, 8)

	
	bitmap
	0000010000000000

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

	
	bitmap
	0100000000000000

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

	
	P-CSI trigger
	SF 3

	
	P-CSI report
	SF 7

	eIMTA CSI subframe set 1
	subframe set
	3, 4

	
	P-CSI trigger
	SF 8

	
	P-CSI report
	SF 2

	CSI-MeasSubframeSet-r12
	0000100001

	Sub-band size and PDSCH scheduling
	6 PRB(full size) in SF#{8,9}for CSI subframe set 0

6 PRB (full size) in SF#{3,4}for CSI subframe set 1

	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-RS /CSI-IM/Reporting mode for subframe set 0
	CSI-RS /CSI-IM0/PUSCH3-1

	CSI-RS /CSI-IM/Reporting mode for subframe set 1
	CSI-RS/CSI-IM1/PUSCH3-1

	CodeBookSubsetRestriction bitmap
	000001

	Max number of HARQ transmissions
	1

	ACK/NACK feedback mode
	Multiplexing

	Test metric
	Median WB CQI difference between CSI SF set 0 and 1 ≥ X

SB differential CQI statistics for each CSI SF set

Throughput ratio γ between CSI SF set 0 and set 1 under frequency selective scheduling ≥ Y


Table 3. Test 2A parameters
	Parameter
	Value

	System bandwidth
	10

	Special subframe configuration
	4

	Uplink-downlink configuration indicated by SIB-1
	0

	DL HARQ reference UDL configuration
	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 subframe set 0
	subframe set
	0, 1, 5, 6

	
	P-CSI report
	SF 2

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

	
	P-CSI report
	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
	41 PRB(RB 0~20, 30~49) in SF#{0,1}for CSI SF set 0

50 PRB  in SF#{3,4,8,9}for CSI SF set 1

	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 SF set 0 and set 1.

CW 0 should meet BLER requirement in both CSI SF sets
Median WB CQI difference between CSI SF set 0 and 1 ≥ X


Annex B – CQI to MCS table

In Table 4 we provide the MCS to the CQI table used for the simulations. Comparing to the CQI to MCS table discussed in the RAN4 e-mail reflector we have made one change and updated the MCS for CQI 15 for the Test case 2A and subframes with 4264 REs (i.e. use MCS 25 instead of MCS 24 since it satisfies the max CR requirement).

Table 4. eIMTA CSI test CQI to MCS conversion table

	CQI Index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Target Coding Rate
	OOR
	0.0762
	0.1172
	0.1885
	0.3008
	0.4385
	0.5879
	0.3691
	0.4785
	0.6016
	0.4551
	0.5537
	0.6504
	0.7539
	0.8525
	0.9258

	MCS Scheme
	PRB
	Available
REs
	Imcs

	[MCS.1A]
	6
	696
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	15
	18
	20
	21
	24
	25
	27

	[MCS.1B]
	6
	624
	DTX
	0
	0
	1
	3
	5
	7
	10
	12
	14
	15
	19
	20
	22
	24
	24

	[MCS.2A-1]
	41
	4264
	DTX
	0
	0
	1
	3
	5
	7
	10
	12
	14
	15
	18
	20
	22
	24
	25

	[MCS.2A-2]
	50
	5400
	DTX
	0
	0
	2
	3
	5
	7
	10
	12
	14
	15
	19
	21
	23
	24
	25

	[MCS.2A-3]
	50
	5100
	DTX
	0
	0
	1
	3
	5
	7
	8
	12
	13
	15
	18
	20
	22
	23
	24
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