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1. Introduction

In the RAN4 #75 meeting further agreements on the LTE TDD eIMTA CSI reporting requirements were reached [1] and the respective CR with the introduction of the TDD eIMTA CQI requirement to the TS 36.101 was agreed [2]. In this contribution we provide discussion and proposals on the remaining test details. In addition, we provide the updated simulation results based on the latest agreements.
2. Discussion

The majority of the test parameters and requirements for the eIMTA CSI reporting were decided in the last RAN4 meeting. Below, we share our views on the few remaining details including the selection of the test metric for the verification of the PDSCH and EPDCCH rate matching functionality over additional ZP CSI-RS.

Test metric for PSDCH rate matching verification

Test case 1A is used for the verification of the proper PDSCH rate matching over additional ZP CSI-RS. Based on the agreed test setup, additional ZP CSI-RS are configured on 1 out 2 subframes in each of the CSI subframe sets. Therefore, in case of wrong UE implementation the issues might be observed on a subset of subframes only. Two possible test metrics can be considered to test rate matching functionality:

· Average BLER for each TTI. The BLER performance can be measured in each subframe independently. The existing requirements check that BLER is above certain threshold. To test rate matching the upper bound BLER requirement equal to 1 can be set (i.e. BLER < 1). In this case, in case of a wrong implementation UE would have BLER = 1 on certain subframes which can be easily detected.

· Average BLER for each CSI subframe set. In this case the average BLER performance should be measured in each CSI subframe set. The existing requirements check that BLER is above certain threshold. To test rate matching the upper bound BLER requirement equal to 0.5 can be set (i.e. BLER < 0.5). In this case, in UEs with wrong implementation would have BLER ≥ 0.5 (i.e. would have errors at least in every second subframe in the CSI subframe set).

The potential drawback of the first approach is that it might require longer test time to collect sufficient statistics and the second approach is suggested to be used.
Proposal #1:
Introduce additional requirement for Test case 1A: “Average PDSCH BLER < 0.5 for each CSI subframe set” 
Test metrics for EPDDCH rate matching verification

The same test case 1A is also used for the verification of the EPDCCH rate matching functionality. In fact the PDSCH BLER can be used to check correctness of the EPDCCH rate matching. At the same time, we see potential benefits in terms of test clarity if additional EPDCCH BLER requirements are explicitly defined. The target requirements can be defined as average EPDCCH BLER (Pm-dsg) is < 0.5.
Proposal #2:
Introduce additional requirement for Test case 1A: “Average EPDCCH BLER < 0.5” 

3. Simulation results

3.1 Test case 1A (TM2 A-CQI, eIMTA 7-1, TS 36.101 Section 9.3.1.2.3)

The test case 1A parameters are provided in the TS 36.101 Table 9.3.1.2.3-1 [3]. In Table 1 we provide the summary of the performance requirements and simulation results for Test case 1A. The results show that the target performance requirements are satisfied for both considered test points and both CSI subframe sets.
Table 1. Simulation results for Test case 1A

	Metrics
	Requirement
	SNR, [dB]
	Value

	
	
	CSI SF set 0
	CSI SF set 1
	CSI SF set 0
	CSI SF set 1

	a) Probability of a sub-band differential CQI offset level of 0
	from 2 to 55%
	0
	10
	18%
	14%

	
	
	1
	11
	16%
	12%

	b) T-put ratio when transmitting the sub-bands with the highest differential CQI offset level and when transmitting the sub-bands with wideband CQI median
	 ≥ 1.1
	0
	10
	1.6
	1.6

	
	
	1
	11
	1.8
	1.6

	c) PDSCH BLER when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset
	0.05 ≤ BLER < 0.5
	0
	10
	0.37
	0.36

	
	
	1
	11
	0.28
	0.35

	d) Difference between the wide-band median CQIs obtained by reports in CSI subframe sets CCSI,0 and CCSI,1
	≥ 3
	0
	10
	5

	
	
	1
	11
	5

	e) EPDCCH BLER
	BLER < 0.5
	0
	10
	0
	0

	
	
	1
	11
	0
	0


3.2 Test case 1B (TM10 A-CQI, eIMTA 7-1, TS 36.101 Section 9.3.1.2.4)

The test case 1B parameters are provided in the TS 36.101 Table 9.3.1.2.4-1 [3]. In Table 2 we provide the summary of the performance requirements and simulation results for Test case 1B. 
Table 2. Simulation results for Test case 1B
	Metrics
	Requirement
	SNR, [dB]
	Value

	
	
	CSI SF set 0
	CSI SF set 1
	CSI SF set 0
	CSI SF set 1

	a) Probability of a sub-band differential CQI offset level of 0
	from 2 to 40%
	0
	10
	34%
	30%

	
	
	1
	11
	32%
	28%

	b) T-put ratio when transmitting the sub-bands with the highest differential CQI offset level and when transmitting the sub-bands with wideband CQI median
	 ≥ 1.02
	0
	10
	1.9
	1.8

	
	
	1
	11
	1.9
	1.9

	c) BLER when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level
	BLER ≥ 0.01
	0
	10
	0.11
	0.21

	
	
	1
	11
	0.10
	0.20

	d) Difference between the wide-band median CQIs obtained by reports in CSI subframe sets CCSI,0 and CCSI,1
	≥ 3
	0
	10
	5

	
	
	1
	11
	5


The results show that the target performance requirements are satisfied for both considered test points and both CSI subframe sets. However, certain relaxations to the upper bound of the requirement on probability are recommended “sub-band differential CQI offset level of 0” (e.g. from 2% to 55%). In addition, the γ requirement can be increased to match Test 1A.
Proposal #3:
Change the Test 1B requirement on sub-band differential CQI offset level 0 probability to be inside range from 2% to 55%

3.3 Test case 2A (TM9 P-CQI, eIMTA 7-1 & 7-3, TS 36.101 Section 9.2.5)

The test case 2A parameters are provided in the TS 36.101 Table 9.2.5-1 [3]. In Table 3 we provide the summary of the performance requirements and simulation results for Test case 2A. The results show that the target performance requirements are satisfied for both considered test points and both CSI subframe sets.

Table 3. Simulation results for Test case 2A

	Metrics
	Requirement
	SNR, [dB]
	Value

	
	
	CSI SF set 0
	CSI SF set 1
	CSI SF set 0
	CSI SF set 1


	a) Probability the reported CQI is inside ±1 range of median CQI
	90% of time
	0
	10
	100%
	100%

	
	
	1
	11
	100%
	100%

	b) PDSCH BLER using the transport format indicated by the median CQI-1 / median CQI / median CQI+1
	1) BLERCQI > 0.1 and BLERCQI-1 ≤ 0.1

or

2) BLERCQI < 0.1 and BLERCQI+1 ≥ 0.1
	0
	10
	0.00 / 0.00 / 1.00
	0.00 / 0.52 / 1.00

	
	
	1
	11
	0.00 / 0.00 / 0.99
	0.00 / 0.00 / 1.00

	c) Difference between the wide-band median CQIs obtained by reports in CSI subframe sets CCSI,0 and CCSI,1
	≥ 3
	0
	10
	5

	
	
	1
	11
	5


4. Conclusions

In this contribution, we have shared our views on the remaining details of the eIMTA CSI reporting test requirements. In addition the simulation results for the test cases are provided which confirm proper selection of the performance requirements. In summary, we make the following proposals:

Proposal #1:
Introduce additional requirement for Test case 1A: “Average BLER < 0.5 for each CSI subframe set” 

Proposal #2:
Introduce additional requirement for Test case 1A: “Average EPDCCH BLER < 0.5” 

Proposal #3:
Change the Test 1B requirement on sub-band differential CQI offset level 0 probability to be inside range from 2% to 55%

Proposal #4:
Confirm the remaining eIMTA CSI reporting requirements
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Annex – Draft CR changes – TO BE UPDATED
In the Annex section we propose a number of changes to the TS 36.101 based on the proposals above and also editorial changes based on the recent e-mail discussion.

<< Start of changes >>

9.2.5
Minimum requirement PUCCH 1-1 (when csi-SubframeSet –r12 and EIMTA-MainConfigServCell-r12 are configured)
The following requirements apply to UE Category ≥1 which supports eIMTA TDD UL-DL reconfiguration for TDD serving cell(s) via monitoring PDCCH with eIMTA-RNTI and rel-12 CSI subframe sets. For the parameters specified in table 9.2.5 -1, and using the downlink physical channels specified in Tables C.3.2-1 and C.3.2-2, for each CSI subframe set, the reported CQI value shall be in the range of ±1 of the reported median more than 90% of the time. for each CSI subframe set , 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 CCSI,0 minus the median CQI obtained by reports in CSI subframe sets CCSI,1 shall be larger than or equal to [3].
Table 9.2.5 -1: PUCCH 1-1 static test (TDD)
	Parameter
	Unit
	Test 

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	9

	Uplink downlink configuration in SIB1 
	
	0

	Downlink HARQ reference configuration (eimta-HarqReferenceConfig-r12) (Note 4)
	
	2

	Set of dynamic TDD UL-DL configurations (Notes 4,5)
	
	{0, 2}

	Periodicity of monitoring the L1 reconfiguration DCI (eimta-CommandPeriodicity-r12)
	ms
	10

	Set of subframes to monitor the L1 reconfiguration DCI (eimta-CommandSubframeSet-r12)
	
	SF#5

	CSI-MeasSubframeSet-r12
	
	0001100011

	Special subframe configuration
	
	4

	Downlink power allocation
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	CRS reference signals
	
	Antenna ports 0, 1

	CSI reference signals
	
	Antenna ports 15,16

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS
	
	5/4

	CSI reference signal configuration
	
	4

	Zero-Power CSI-RS configuration 0

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	0 / 
0000010000000000

	Zero-Power CSI-RS configuration 1

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	4 / 
0100000000000000

	Propagation condition and antenna configuration
	
	Clause B.1 (2 x 2)

	Beamforming Model
	
	As specified in Section B.4.3

	CodeBookSubsetRestriction bitmap
	
	000001

	SNR in CSI subframe set 0
	dB
	0
	1

	SNR in CSI subframe set 1
	dB
	10
	11
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	dB[mW/15kHz]
	-108
	-108

	PDSCH scheduled subframes for CSI subframe set 0
	
	0,5

	PDSCH scheduled subframes for CSI subframe set 1
	
	3,4,8,9

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI/PMI reporting
	
	PUSCH (Note 6)

	PUCCH Report Type for CQI/second PMI
	
	2b

	Physical channel for RI reporting
	
	PUSCH

	PUCCH Report Type for RI/ first PMI
	
	5

	Reporting periodicity
	ms
	Npd = 10 for each Rel-12 CSI subframe set

	CQI delay
	ms
	14 for CSI subframe set 0
12 for CSI subframe set 1

	cqi-pmi-ConfigurationIndex 
	
	8 for CSI subframe set 0

13 for CSI subframe set 1

	ri-ConfigIndex
	
	805 for both CSI subframe set 0 and set 1 (Note 7)

	ACK/NACK feedback mode
	
	Multiplexing

	Note 1:
Reference measurement channel RC.19 TDD according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 TDD as described in Annex A.5.2.1 for CSI subframe set 0.

Note 2:
Reference measurement channel RC.20 TDD according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 TDD as described in Annex A.5.2.1 for CSI subframe set 1.
Note 3:
In the test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level for each CSI subframe set separately.
Note 4:
As specified in Table 4.2-2 in TS 36.211.

Note 5: 
UL/DL configuration in PDCCH with eIMTA-RNTI is cyclically selected from the given set on a per-DCI basis.

Note 6:
To avoid collisions between CQI/PMI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#3 and #8 to allow periodic CQI/PMI to multiplex with the HARQ-ACK on PUSCH in uplink SF#7 and #2.
Note 7:
RI reporting interval is set to the maximum allowable length of 160ms to minimise collisions between RI, CQI/PMI and HARQ-ACK reports. In the case when all three reports collide, it is expected that CQI/PMI reports will be dropped, while RI and HARQ-ACK will be multiplexed. At eNB, CQI report collection shall be skipped every 160ms during performance verification.


<< End of changes >>

<< Start of changes >>

9.3.1.2.5
TDD (when csi-SubframeSet –r12 is configured)

For the parameters specified in Table 9.3.1.2.5-1, and using the downlink physical channels specified in Annex C.3.2, the minimum requirements are specified in Table 9.3.1.2.5-2 and by the following 

a)
a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band for each CSI subframe set;
b)
the ratio of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S shall be ≥ for each CSI subframe set;

c)
when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS, the average BLER for the indicated transport formats shall be greater or equal to 0.05 and less than 0.5 for each CSI subframe set;
d)
the value of the wide-band median CQI obtained by reports in CSI subframe sets CCSI,0 minus the wide-band median CQI obtained by reports in CSI subframe sets CCSI,1 shall be larger than or equal to 3;
e)
the probability of miss-detection of the Downlink Scheduling Grant (Pm-dsg) shall be less than 0.5 for each CSI subframe set, when the PDSCH scheduling grants are transmitted via EPDCCH.
The requirements only apply for sub-bands of full size and the random scheduling across the sub-bands is done by selecting a new sub-band in each available downlink transmission instance for TDD. Sub-bands of a size smaller than full size are excluded from the test.
Table 9.3.1.2.5-1: Sub-band test for TDD

	Parameter
	Unit
	Test 

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	2

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	CSI-MeasSubframeSet-r12
	
	0001100000

	Downlink power allocation
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	Propagation channel
	
	Clause B.2.4 with 
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	Antenna configuration
	
	2x2

	
	
	

	CRS reference signals
	
	Antenna port 0 and 1

	Zero-Power CSI-RS configuration 0

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	3 /
 0000010000000000

	Zero-Power CSI-RS configuration 1

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	4 /
 0100000000000000

	PDSCH scheduled subframes for CSI subframe set 0
	
	8,9

	PDSCH scheduled subframes for CSI subframe set 1
	
	3,4

	Reporting interval (Note 4)
	ms
	10 per subframe set

	CQI delay
	ms
	15 for CSI subframe set 0 and for 
set 1

	Reporting mode
	
	PUSCH 3-1

	Sub-band size
	RB
	6 (full size)

	Max number of HARQ transmissions
	
	1

	ACK/NACK feedback mode
	
	Multiplexing

	Number of EPDCCH Sets Configured
	
	2 (Note 5,6)

	Number of PRB per EPDCCH Set
	
	4 

	EPDCCH Subframe Monitoring
	
	NA

	EPDCCH Aggregation level
	
	8 ECCE

	EPDCCH beamforming model
	
	Annex B. 4.4

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink subframe not later than SF#(n-4), this reported subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel RC.17 TDD according to Table A.4-1 with one/two sided dynamic OCNG Pattern OP.1/2 TDD as described in Annex A.5.2.1/2.

Note 3:
In the test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level for each subframe set separately.
Note 4:
For CSI subframe set 0, PDCCH DCI format 0 with a trigger for aperiodic CQI shall be transmitted in downlink SF#3 to allow aperiodic CQI/PMI/RI to be transmitted on uplink SF #7. For CSI subframe set 1, PDCCH DCI format 0 with a trigger for aperiodic CQI shall be transmitted in downlink SF#8 to allow aperiodic CQI/PMI/RI to be transmitted on uplink SF#2.
Note 5: 
In case UE supports EPDCCH, the PDSCH scheduling grants are transmitted via EPDCCH, otherwise PDCCH is used.
Note 6: 
The two sets are distributed EPDCCH sets and non-overlapping with PRB = {0, 3, 6, 9} for the first set and PRB = {40, 43, 46, 49} for the second set. EPDCCH set is selected after scheduling decision for PDSCH to avoid collision between PDSCH and EPDCCH PRBs, respectively. EPDCCH is only transmitted from one EPDCCH PRB set. The starting symbol for EPDCCH is derived from the PCFICH. RRC signalling epdcch-StartSymbol-r11is not configured.


Table 9.3.1.2.5-2: Minimum requirement (TDD)

	
	Test 

	 [%]
	2

	 [%]
	55

	 
	1.1

	UE Category
	≥1


9.3.1.2.6
TDD (when csi-SubframeSet –r12 is configured with one CSI process)

For the parameters specified in Table 9.3.1.2.6-1, and using the downlink physical channels specified in Annex C.3.2, the minimum requirements are specified in Table 9.3.1.2.6-2 and by the following 

a)
a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band for each CSI subframe set;

b)
ratio of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S shall be ≥ for each CSI subframe set;

c)
when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS, the average BLER for the indicated transport formats shall be greater or equal to 0.01 for each CSI subframe set;
d)
the value of the wide-band median CQI obtained by reports in CSI subframe sets CCSI,0 minus the wide-band median CQI obtained by reports in CSI subframe sets CCSI,1 shall be larger than or equal to 3.
The requirements only apply for sub-bands of full size and the random scheduling across the sub-bands is done by selecting a new sub-band in each available downlink transmission instance for TDD. Sub-bands of a size smaller than full size are excluded from the test.
Table 9.3.1.2.6-1: Sub-band test for TDD
	Parameter
	Unit
	Test 

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	10

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	CSI-MeasSubframeSet-r12
	
	0001100000

	Downlink power allocation
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	Propagation channel
	
	Clause B.2.4 with 
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	Antenna configuration
	
	2x2

	Beamforming Model
	
	As specified in Section B.4.3

	CRS reference signals
	
	Antenna port 0 and 1

	CSI reference signals
	
	Antenna port 15,16

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS 
	
	5/0

	CSI-RS reference signal configuration
	
	0

	Zero-Power CSI-RS configuration 0

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	3 /
 0000010000000000

	Zero-Power CSI-RS configuration 1

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	4 /
 0100000000000000

	CSI-IM configuration 0

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	3 /
 0000010000000000

	CSI-IM configuration 1

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	4 / 
0100000000000000

	CSI process configuration (
Signal/Interference/Reporting mode) for CSI subframe set 0
	
	CSI-RS/CSI-IM 0/PUSCH 3-1

	CSI process configuration
 (Signal/Interference/Reporting mode) for CSI subframe set 1
	
	CSI-RS/CSI-IM 1/PUSCH 3-1

	CodeBookSubsetRestriction bitmap
	
	000001

	Reporting interval (Note 4)
	ms
	10 per subframe set

	CQI delay
	ms
	15 for CSI subframe set 0 and set 1


	Sub-band size
	RB
	6 (full size)

	PDSCH scheduled subframes for CSI subframe set 0
	
	8,9

	PDSCH scheduled subframes for CSI subframe set 1
	
	3,4

	Max number of HARQ transmissions
	
	1

	ACK/NACK feedback mode
	
	Multiplexing

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink subframe not later than SF#(n-4), this reported subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel RC.18 TDD according to Table A.4-1 with one/two sided dynamic OCNG Pattern OP.1/2 TDD as described in Annex A.5.2.1/2.

Note 3:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level for each subframe set separately.
Note 4:
For CSI subframe set 0, PDCCH DCI format 0 with a trigger for aperiodic CQI shall be transmitted in downlink SF#3 to allow aperiodic CQI/PMI/RI to be transmitted on uplink SF #7. For CSI subframe set 1, PDCCH DCI format 0 with a trigger for aperiodic CQI shall be transmitted in downlink SF#8 to allow aperiodic CQI/PMI/RI to be transmitted on uplink SF#2.


Table 9.3.1.2.6-2: Minimum requirement (TDD)

	
	Test 

	 [%]
	2

	 [%]
	55

	 
	1.02

	UE Category
	≥1


<< End of changes >>
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