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1
Introduction
In the last RAN4 AH#04 meeting, operators’ requirement for performance verification of UE-selected subband CQI/PMI reporting modes was requested [1] and one test case of verifying CQI reporting mode PUSCH 2-0 was proposed in [2]. In this contribution, we provide further background information, required RAN4 performance work and evaluation results by simulation of the proposed test case.
2
Background
As pointed out in [1], RAN4 performance verification for the UE-selected subband CSI reporting feature was intentionally left out in Release 8 to give priority to early LTE deployment. It is also understood that these mandatory and de-prioritized features would be later revisited in Release 9. From late 2008 to end of 2009, wideband- and eNB-configured CSI reporting tests were introduced in both TS36.101 Release 8 and 9 specs. While RAN4 was busy finalizing UE performance requirements, the SI on LTE-A and many other WIs in Rel-9, the UE-selected CSI reporting feature testing was overlooked. During RAN#49, feature group handling for Release 9 was re-assessed and based on operators’ interests it is identified that RAN4 should first discuss/introduce outstanding test cases for
- Aperiodic CSI reporting on PUSCH: Mode 2-0 – UE selected subband CQI without PMI

- Aperiodic CSI reporting on PUSCH: Mode 2-2 – UE selected subband CQI with multiple PMI

- Periodic CSI reporting on PUCCH: Mode 2-0 – UE selected subband CQI without PMI

- Periodic CSI reporting on PUCCH: Mode 2-1 – UE selected subband CQI with single PMI
Furthermore, based on recent agreement in [3], RAN1 is currently working to finalize details of extension mode to the Rel-8 UE-selected subband CQI reporting feature for Rel-10. This signifies the importance of such reporting feature for the future operation of LTE-A system, especially for MU-MIMO. And thus it is proposed that RAN4 to introduce appropriate performance tests for this feature in Rel-9, to allow smooth specification transition and ensure proper UE implementation and accurate reporting in real network.
3
Performance verification work in RAN4
Performance verification of CSI reporting in TS36.101 is currently grouped and specified in the following sections. Generally, it is broken down into testing of CQI, PMI and RI in such a way that the performance gain from individual reporting can be verified separately.
9.2
CQI reporting definition under AWGN conditions

9.3
CQI reporting under fading conditions

9.4
Reporting of Precoding Matrix Indicator (PMI)
9.5
Reporting of Rank Indicator (RI)

For the UE-selected subband CSI feature under consideration and its associated reporting modes, it would them seem feasible to introduce new test cases following the current testing principle to sections as
9.3
CQI reporting under fading conditions

9.3.x
UE-selected subband CQI
9.3.x.1 Minimum requirement PUSCH 2-0 (one test case)

9.3.x.2 Minimum requirement PUCCH 2-0 (one test case)
9.4
Reporting of Precoding Matrix Indicator (PMI)

9.4.1
Single PMI

9.4.1.x Minimum requirement PUCCH 2-1 (one test case)

9.4.2
Multiple PMI

9.4.2.x Minimum requirement PUSCH 2-2 (one test case)

Overall, this would give comprehensive test coverage of CSI reporting features currently specified in RAN1 Rel-9 spec. A slightly different approach that could be considered to reduce the test count is to replace the existing frequency-selective scheduling mode test case for PUSCH 3-0 in Section 9.3.1.1 with the above PUSCH 2-0 and PUCCH 2-0, since the performance of PUSCH 3-0 CQI reporting is already verified in the frequency-selective interference testing. That is
9.3
CQI reporting under fading conditions

9.3.1
Frequency-selective scheduling mode
9.3.1.1 Minimum requirement PUSCH 3-0 (one test case)

9.3.1.1 Minimum requirement PUSCH 2-0 (one test case)

9.3.1.2 Minimum requirement PUCCH 2-0 (one test case)

4
Proposed work plan
For each test case the following steps are typically needed:

1. Agree the verification framework based on simulation-based analysis

2. Prepare CR to document the verification framework

3. Run simulations for the chosen configuration to define minimum requirements

4. Prepare CR to include the minimum requirements

Considering steps 1/2 and 3/4 could be done within one meeting, a parallel approach is needed in order to complete this work in a timely manner.
RAN4 Ad-Hoc 2010-04 (October, 2010)

· PUSCH 2-0

· provide draft verification framework (revised version provided in [4])
RAN4 #57 (November, 2010)

· PUSCH 2-0

· finalise test configuration and provide CR as per steps 1/2
· PUCCH 2-0

· provide draft verification framework
RAN4 Ad-Hoc 2011-01 (January, 2011)

· PUSCH 2-0

· provide simulation results and finalise minimum requirements as per steps 3/4
· PUCCH 2-0

· finalise test configuration and provide CR as per steps 1/2
· PUCCH 2-1

· provide draft verification framework

· PUSCH 2-2

· provide draft verification framework

RAN4 #58 (February, 2011)

· PUCCH 2-0

· provide simulation results and finalise minimum requirements as per steps 3/4
· PUCCH 2-1

· finalise test configuration and provide CR as per steps 1/2
· PUSCH 2-2

· finalise test configuration and provide CR as per steps 1/2
RAN4 Ad-Hoc 2011-02 (April, 2011)

· PUCCH 2-1

· provide simulation results and finalise minimum requirements as per steps 3/4
· PUSCH 2-2

· provide simulation results and finalise minimum requirements as per steps 3/4
5
Simulation analysis for PUSCH 2-0
In order to finalise test configuration for the proposed PUSCH 2-0 test in [4], differential CQI spread results and throughput ratio performance are simulated in various channel types (2-tap channel, EVA5, ETU70, EPA5, ETU5) and over a wide range of SNR levels (0-20dB). In Fig. 1 to 5, spread results are shown for the 2-tap, EVA5, ETU70, EPA5, and ETU5 channels, respectively. In Fig. 6, their corresponding throughput ratio performances are provided. Note that these results are simulated assuming no CQI-bias.
[image: image1.emf]2-tap channel

0

20

40

60

80

100

0 2 4 6 8 10 12 14 16 18 20

SNR [dB]

Percentage of reporting [%]

Diff_CQI_0

Diff_CQI_1

Diff_CQI_2

Diff_CQI_3

[image: image2.emf]EVA5 channel

0

20

40

60

80

100

0 2 4 6 8 10 12 14 16 18 20

SNR [dB]

Percentage of reporting [%]

Diff_CQI_0

Diff_CQI_1

Diff_CQI_2

Diff_CQI_3


Figure 1: Reported differential CQI spread in 2-tap channel
Figure 2: Reported differential CQI spread in EVA5 channel
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Figure 3: Reported differential CQI spread in ETU70 channel
Figure 4: Reported differential CQI spread in EPA5 channel

[image: image5.emf]ETU5 channel

0

20

40

60

80

100

0 2 4 6 8 10 12 14 16 18 20

SNR [dB]

Percentage of reporting [%]

Diff_CQI_0

Diff_CQI_1

Diff_CQI_2

Diff_CQI_3


Figure 5: Reported differential CQI spread in ETU5 channel
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Figure 6: Throughput ratio performance curves in various channel types
To verify CQI reporting accuracy, a reporting spread requirement is usually defined and it is determined by a single- or double-sided percentile of the reported CQI offset level x. Given the nature of the UE-selected subband reporting, it is expected that the CQI offset level would be more pronounced in frequency-selective fading conditions and it is evidenced in the above spread results. Therefore, EPA channel would not be a good choice of testing channel. For convenience, the mapping table of differential CQI value to offset level from TS36.213 v9.3.0 for UE-selected subband CQI is included here.
Table 7.2.1-4:  Mapping differential CQI value to offset level

	Differential CQI value
	Offset level

	0
	(1

	1
	2

	2
	3

	3
	(4


While it is important to select a channel condition that provides high differential CQI value with high reporting percentage, it is also the aim to choose a channel that is implementation agnostic. That is small variation in the reported CQI offset over the SNR range. Furthermore, looking at throughput ratio requirements from the existing CQI tests, it would be desirable to set this requirement at a reasonable level for new CQI tests.
Further observations from the spread results:
Observation 1: For the 2-tap channel, large variation in the reported CQI offset and reporting spread across the SNR range is observed, indicating it might be rather sensitive to CQI estimation algorithm and difficult finding suitable test points.
Observation 2: For the EPA5 channel, as expected differential CQI value = 0 is reported most of the time, (around 80% or higher). Thus it is not suitable for this CQI test.
Observation 3: For the ETU70 channel, reporting percentage for differential CQI value = 1 for many SNR regions is below 20% and thus not quite ideal. Suitability of this channel type is still depending on the throughput ratio performance.
Observation 4: For both the EVA5 and ETU5 channels, the reported differential CQI value = 1 is consistently above 20% across the SNR (at least below 15dB). Comparing to others, these channels are more suitable for this test. Between these two channels, EVA5 is a more preferable due to less variation in the percentage of reporting in differential CQI value = 1. To further limit the reporting spread, double-sided percentile requirement could be adopted, similar to the existing frequency-selective scheduling mode test for PUSCH 3-0.
Below, we also tabulated the minimum and maximum throughput ratios in each channel type. It is quite clear that EVA5 would also be the preferred testing channel in this case since it gives the highest minimum throughput ratio results among all channels and thus would provide a good range of choice for SNR test points setting reasonable throughput ratio requirements. 
	
	2-tap channel
	EVA5
	ETU70
	EPA5
	ETU5

	Maximum
	2.13
	2.28
	1.54
	2.38
	2.62

	Minimum
	0.73
	1.27
	0.63
	1.15
	1.20


Overall, based on the above simulation based analysis of the test given in [4], it is concluded that EVA5 low correlation channel is suitable for the testing of PUSCH 2-0 CQI reporting and the two SNR test points that could be adopted are 8 and 13dB. A revised version for this test is provided in Annex A.
Proposal 1: It is recommended that Annex A is to be agreed as the verification framework for PUSCH 2-0.
6
Performance verification of PUCCH 2-0
CQI estimation and reporting mechanism under the PUCCH 2-0 reporting mode is somewhat quite different to the PUSCH 2-0. According to TS36.213, the main difference is that subband CQI report in PUCCH 2-0 describes the channel quality in particular parts (bandwidth parts) of the bandwidth as opposed to the channel quality for UE-selected best M subbands in PUSCH 2-0. That is, when PUCCH 2-0 is configured the UE selects the preferred subband within a set of subbands in each of the bandwidth parts and reports one CQI value reflecting transmission only over the selected subband. In each successive reporting instance, subband CQI for each bandwidth part will in turn be reported when wideband CQI is not scheduled for reporting.

Knowing these, it would seem necessary to also verify UE performance in frequency-selective fading condition for the PUCCH 2-0 test. In Annex B, we provide a draft verification framework testing UE subband CQI report accuracy and throughput ratio performance under the PUCCH 2-0 reporting mode.
Proposal 2: It is recommended that the draft verification framework for PUCCH 2-0 given in Annex B is to be taken as the baseline assumptions for further evaluation till the January meeting.
7
Conclusions

In this contribution we provided a general framework on how performance verification of UE-selected subband CQI reporting modes could be carried out in RAN4 and gave an overall work plan to finalise this work.

Further evaluation results by simulation on the proposed PUSCH 2-0 test case were also given and concluded that EVA5 low correlation channel is very suitable for the testing of PUSCH 2-0 CQI reporting and the two SNR test points that could be adopted are 8 and 13dB.
In summary, we propose the following:
Proposal 1: It is recommended that Annex A is to be agreed as the verification framework for PUSCH 2-0.

Proposal 2: It is recommended that the draft verification framework for PUCCH 2-0 given in Annex B is to be taken as the baseline assumptions for further evaluation till the January meeting.
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Annex A (verification framework for PUSCH 2-0):
9.3.X
UE-selected subband CQI

The accuracy of PUSCH 2-0 channel quality indicator (CQI) reporting under frequency-selective fading conditions is determined by a double-sided percentile of the reported differential CQI value 1, and the relative increase of the throughput obtained when transmitting on any one of the UE-selected subbands with the corresponding transport format compared to the case for which a fixed format is transmitted on any subband in set S of TS 36.213 [6]. The purpose is to verify that correct subbands are accurately reported for frequency-selective scheduling. To account for sensitivity of the input SNR the subband CQI reporting under frequency-selective fading conditions is considered to be verified if the reporting accuracy is met for at least one of two SNR levels separated by an offset of 1 dB.
9.3.x.1
Minimum requirement PUSCH 2-0

9.3.x.1.1
FDD

For the parameters specified in Table 9.3.x.1.1-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 9.3.x.1.1-2 and by the following
a)
a reported differential CQI value of 1 shall be reported at least  % of the time but less than β % for the UE-selected subbands;
b)
the ratio of the throughput obtained when transmitting on a randomly selected subband among the best M subbands reported by the UE the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected subband in set S shall be ≥ ;

The requirements only apply for subbands of full size and the random scheduling across the subbands is done by selecting a new subband in each TTI for FDD. The transport block size TBS (wideband CQI median) is that resulting from the code rate which is closest to that indicated by the wideband CQI median and the
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entry in Table 7.1.7.2.1-1 of TS 36.213 [6] that corresponds to the subband size.
Table 9.3.x.1.1-1 Subband test for single antenna transmission (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	 SNR (Note 3)
	 dB
	[8]
	[9]
	[13]
	[14]
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	dB[mW/15kHz]
	[-98]
	[-98]

	Propagation channel
	
	EVA5

	Correlation
	
	Low

	Reporting interval
	ms
	5

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 2-0

	Max number of HARQ transmissions
	
	1

	Subband size (k)
	RBs
	3 (full size)

	Number of preferred subbands (M)
	
	5

	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 according to Table A.4-10 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.
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.


Table 9.3.x.1.1-2 Minimum requirement (FDD)

	
	Test 1
	Test 2

	 [%]
	TBD
	TBD

	β [%]
	TBD
	TBD

	 
	TBD
	TBD

	UE Category
	[1-5]
	[1-5]


9.3.x.1.2
TDD

For the parameters specified in Table 9.3.x.1.2-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 9.3.x.1.2-2 and by the following
a)
a reported differential CQI value of 1 shall be reported at least  % of the time but less than β % for the UE-selected subbands;
b)
the ratio of the throughput obtained when transmitting on a randomly selected subband among the best M subbands reported by the UE the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected subband in set S shall be ≥ ;

The requirements only apply for subbands of full size and the random scheduling across the subbands is done by selecting a new subband in each available downlink transmission instance for TDD. The transport block size TBS (wideband CQI median) is that resulting from the code rate which is closest to that indicated by the wideband CQI median and the
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entry in Table 7.1.7.2.1-1 of TS 36.213 [6] that corresponds to the subband size.
Table 9.3.x.1.2-1 Sub-band test for single antenna transmission (TDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	 SNR (Note 3)
	 dB
	[8]
	[9]
	[13]
	[14]
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	dB[mW/15kHz]
	[-98]
	[-98]

	Propagation channel
	
	EVA5

	Correlation
	
	Low

	Reporting interval
	ms
	5

	CQI delay
	ms
	10 or 11

	Reporting mode
	
	PUSCH 2-0

	Max number of HARQ transmissions
	
	1

	Subband size (k)
	RBs
	3 (full size)

	Number of preferred subbands (M)
	
	5

	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 according to Table A.4-11 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.



Table 9.3.x.1.2-2 Minimum requirement (TDD)

	
	Test 1
	Test 2

	 [%]
	TBD
	TBD

	β [%]
	TBD
	TBD

	 
	TBD
	TBD

	UE Category
	[1-5]
	[1-5]


<< Unchanged sections omitted >>
Table A.4-10: Reference channel for CQI requirements (FDD) 3 PRB allocation

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	3
	3
	3
	3
	3
	3

	Subcarriers per resource block
	
	12
	12
	12
	12
	12
	12

	Allocated subframes per Radio Frame
	
	8
	8
	8
	8
	8
	8

	Modulation
	
	
	
	
	Table A.4-12
	
	

	Target coding rate
	
	
	
	
	Table A.4-12
	
	

	Number of HARQ Processes
	Processes
	8
	8
	8
	8
	8
	8

	Maximum number of HARQ transmissions
	
	1
	1
	1
	1
	1
	1

	Note 1:
3 symbols allocated to PDCCH

Note 2:
Only subframes 1,2,3,4,6,7,8, and 9 are allocated to avoid PBCH and synchronization signal overhead


Table A.4-11: Reference channel for CQI requirements (TDD) 3 PRB allocation

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	3
	3
	3
	3
	3
	3

	Subcarriers per resource block
	
	12
	12
	12
	12
	12
	12

	Allocated subframes per Radio Frame
	
	4
	4
	4
	4
	4
	4

	Modulation
	
	
	
	
	Table A.4-12
	
	

	Target coding rate
	
	
	
	
	Table A.4-12
	
	

	Number of HARQ Processes
	Processes
	10
	10
	10
	10
	10
	10

	Maximum number of HARQ transmissions
	
	1
	1
	1
	1
	1
	1

	Note 1:
3 symbols allocated to PDCCH

Note 2:   UL-DL configuration 2 is used and only subframes 3, 4, 8, and 9 are allocated to avoid PBCH and synchronization signal overhead


Table A.4-12: Transport format corresponding to each CQI index for 3 PRB allocation
	CQI index
	Modulation
	Target code rate 
	Imcs
	Information Bit Payload

(Subframes 1,2,3,4,6,7,8,9)
	Binary Channel Bits Per Sub-Frame (Subframes 1,2,3,4,6,7,8,9)
	Actual Code rate 

	0
	out of range
	out of range
	DTX
	-
	-
	-

	1
	QPSK
	0.0762
	0
	56
	756
	0.0741

	2
	QPSK
	0.1172
	1
	88
	756
	0.1164

	3
	QPSK
	0.1885
	2
	144
	756
	0.1905

	4
	QPSK
	0.3008
	5
	224
	756
	0.2963

	5
	QPSK
	0.4385
	7
	328
	756
	0.4339

	6
	QPSK
	0.5879
	9
	456
	756
	0.6032

	7
	16QAM
	0.3691
	12
	584
	1512
	0.3862

	8
	16QAM
	0.4785
	13
	744
	1512
	0.4921

	9
	16QAM
	0.6016
	16
	904
	1512
	0.5979

	10
	64QAM
	0.4551
	19
	1064
	2268
	0.4691

	11
	64QAM
	0.5537
	21
	1288
	2268
	0.5679

	12
	64QAM
	0.6504
	23
	1480
	2268
	0.6526

	13
	64QAM
	0.7539
	25
	1736
	2268
	0.7654

	14
	64QAM
	0.8525
	27
	1864
	2268
	0.8219

	15
	64QAM
	0.9258
	27
	1864
	2268
	0.8219

	Note1: Sub-frame#0 and #5 are not used for the corresponding requirement.


<< End of Changes >>
Annex B (draft verification framework for PUCCH 2-0):
9.3.X
UE-selected subband CQI

The accuracy of PUCCH 2-0 channel quality indicator (CQI) reporting under frequency-selective fading conditions is determined by a [double-sided] percentile of the difference between the reported subband and wideband CQI levels being [2], and the relative increase of the throughput obtained when transmitting on the UE-selected subbands with the corresponding transport format compared to the case for which a fixed format is transmitted on any subband in set S of TS 36.213 [6]. The purpose is to verify that correct subbands are accurately reported for frequency-selective scheduling. To account for sensitivity of the input SNR the subband CQI reporting under frequency-selective fading conditions is considered to be verified if the reporting accuracy is met for at least one of two SNR levels separated by an offset of 1 dB.
9.3.x.1
Minimum requirement PUCCH 2-0

9.3.x.1.1
FDD

For the parameters specified in Table 9.3.x.1.1-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 9.3.x.1.1-2 and by the following
a)
CQI_diff = subband CQI – last reported wideband CQI, where subband CQI is taken from all of the bandwidth parts. A CQI_diff of [2] shall be observed at least  % of the time but less than β %.
b)
the ratio of the throughput obtained when transmitting on subbands reported by the UE the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected subband in set S shall be ≥ ;

The requirements only apply for subbands of full size and the random scheduling across the subbands is done by selecting a new subband in each TTI for FDD. The transport block size TBS (wideband CQI median) is that resulting from the code rate which is closest to that indicated by the wideband CQI median and the
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entry in Table 7.1.7.2.1-1 of TS 36.213 [6] that corresponds to the subband size.
Table 9.3.x.1.1-1 Subband test for single antenna transmission (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	 SNR (Note 3)
	 dB
	[8]
	[9]
	[13]
	[14]

	
[image: image14.wmf])

(

ˆ

j

or

I


	dB[mW/15kHz]
	[-90]
	[-89]
	[-85]
	[-84]

	
[image: image15.wmf])

(

j

oc

N


	dB[mW/15kHz]
	[-98]
	[-98]

	Propagation channel
	
	[Clause B.2.4 with 
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	Reporting periodicity
	ms
	NP = 2

	CQI delay
	ms
	8

	Physical channel for CQI reporting
	
	PUSCH (Note 4)

	PUCCH Report Type for wideband CQI
	
	4

	PUCCH Report Type for subband CQI
	
	1

	Max number of HARQ transmissions
	
	1

	Subband size (k)
	RBs
	6 (full size)

	Number of bandwidth parts (J)
	
	3

	K
	
	1

	cqi-pmi-ConfigIndex
	
	1

	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 according to Table A.4-4 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.
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.
Note 4:
To avoid collisions between CQI 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#1, #3, #7 and #9 to allow periodic CQI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#5, #7, #1 and #3.


Table 9.3.x.1.1-2 Minimum requirement (FDD)

	
	Test 1
	Test 2

	 [%]
	TBD
	TBD

	β [%]
	TBD
	TBD

	 
	TBD
	TBD

	UE Category
	[1-5]
	[1-5]


9.3.x.1.2
TDD

For the parameters specified in Table 9.3.x.1.2-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 9.3.x.1.2-2 and by the following
a)
CQI_diff = subband CQI – last reported wideband CQI, where subband CQI is taken from all of the bandwidth parts. A CQI_diff of [2] shall be observed at least  % of the time but less than β %.
b)
the ratio of the throughput obtained when transmitting on subbands reported by the UE the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected subband in set S shall be ≥ ;
The requirements only apply for subbands of full size and the random scheduling across the subbands is done by selecting a new subband in each available downlink transmission instance for TDD. The transport block size TBS (wideband CQI median) is that resulting from the code rate which is closest to that indicated by the wideband CQI median and the
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entry in Table 7.1.7.2.1-1 of TS 36.213 [6] that corresponds to the subband size.
Table 9.3.x.1.2-1 Sub-band test for single antenna transmission (TDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	 SNR (Note 3)
	 dB
	[8]
	[9]
	[13]
	[14]

	
[image: image19.wmf])

(

ˆ

j

or

I


	dB[mW/15kHz]
	[-90]
	[-89]
	[-85]
	[-84]
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	dB[mW/15kHz]
	[-98]
	[-98]

	Propagation channel
	
	[Clause B.2.4 with 
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	Reporting periodicity
	ms
	NP = 5

	CQI delay
	ms
	10 or 11

	Physical channel for CQI reporting
	
	PUSCH (Note 4)

	PUCCH Report Type for wideband CQI
	
	4

	PUCCH Report Type for subband CQI
	
	1

	Max number of HARQ transmissions
	
	1

	Subband size (k)
	RBs
	6 (full size)

	Number of bandwidth parts (J)
	
	3

	K
	
	1

	cqi-pmi-ConfigIndex
	
	3

	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 according to Table A.4-5 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.
Note 4:
To avoid collisions between CQI 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 to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#7 and #2.



	Table 9.3.x.1.2-2 Minimum requirement (TDD)


	Test 1
	Test 2

	 [%]
	TBD
	TBD

	β [%]
	TBD
	TBD

	 
	TBD
	TBD

	UE Category
	[1-5]
	[1-5]
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