3GPP TSG-RAN WG4 Meeting AD Hoc                                           R4-67AH-0006
Turin, Italy,  25-27 June, 2013

Agenda item:           6.3
Source:
Ericsson, ST-Ericsson

Title:
CSI list of tests for 5MHz channel bandwidth: RMC and simulation results
Document for:         Discussion
1 Introduction
A WI on the introduction of Band 31 was approved. Performance work should start. The aim of the performance work is to introduce selected tests to cover 5MHz bandwidth. PDSCH, PDCCH, PHICH  and CSI tests are needed. This document focuses on CSI demodulation performance. In particular, in this paper we provide the RMC which can be used as reference for the introduction of new tests as defined in [1]. Initial simulation results are also provided for some of the tests.
2 Tests

2.1 CQI test under AWGN conditions
In [1] we propose to consider the following tests in order to extend the CQI test coverage to 5MHz carrier.

· CQI reporting under AWGN tests:  PUCCH 1-1 reporting mode. This test verifies that CQI follows the RAN 1 definition for dual code-words transmission. 
The following table (Table 1) can be used for the alignment of the results and the definition of the requirements which is an extension of Table 9.2.2.1-1 in 36.101:
Table 1: PUCCH 1-1 static test (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	5

	PDSCH transmission mode
	
	4

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

	CodeBookSubsetRestriction bitmap
	
	010000

	SNR (Note 2)
	dB
	[10]
	[11]
	[16]
	[17]
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	dB[mW/15kHz]
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	[-81]
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	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI/PMI reporting
	
	PUCCH Format 2

	PUCCH Report Type for CQI/PMI
	
	2

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	Npd = 5

	cqi-pmi-ConfigurationIndex
	
	6

	ri-ConfigIndex
	
	1 (Note 3)

	Note 1:
Reference measurement channel according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.

Note 2:
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 3:
It is intended to have UL collisions between RI reports and HARQ-ACK, since the RI reports shall not be used by the eNB in this test.


The reference channel is specified as follows (Table A.4-1 in 36.101).
Table A.4-1: Reference channel for CQI requirements (FDD) full PRB allocation (CRS)

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	6
	15
	25
	50
	75
	100

	Subcarriers per resource block
	
	12
	12
	12
	12
	12
	12

	Allocated subframes per Radio Frame
	
	8
	8
	8
	8
	8
	8

	Modulation
	
	
	
	Table A.4-3h dual CRS ports CQI table.
	Table A.4-3
	Table A.4-3a
	
	Table A.4-3g

	Target coding rate
	
	
	
	Table A.4-3h dual CRS ports CQI table
	Table A.4-3
	Table A.4-3a
	
	Table A.4-3g

	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.4-3h: Transport format corresponding to each CQI index for 25 PRB allocation dual antenna transmission (CRS) CFI=3
	CQI index
	Modulation
	Target code rate 
	ITBS
	Imcs
	Information Bit Payload
	Binary Channel Bits Per Sub-Frame

	0
	out of range
	out of range
	
	DTX
	-
	-

	1
	QPSK
	0.0762
	0
	0
	680
	6000

	2
	QPSK
	0.1172
	0
	0
	680
	6000

	3
	QPSK
	0.1885
	2
	2
	1096
	6000

	4
	QPSK
	0.3008
	4
	4
	1800
	6000

	5
	QPSK
	0.4385
	5
	5
	2216
	6000

	6
	QPSK
	0.5879
	8
	8
	3496
	6000

	7
	16QAM
	0.3691
	10
	11
	4392
	12000

	8
	16QAM
	0.4785
	12
	13
	5736
	12000

	9
	16QAM
	0.6016
	14
	15
	7224
	12000

	10
	64QAM
	0.4551
	16
	18
	7992
	18000

	11
	64QAM
	0.5537
	18
	20
	9912
	18000

	12
	64QAM
	0.6504
	20
	22
	11448
	18000

	13
	64QAM
	0.7539
	22
	24
	13536
	18000

	14
	64QAM
	0.8525
	24
	26
	15264
	18000

	15
	64QAM
	0.9258
	25
	27
	15840
	18000

	Note1:
Sub-frame#0 and #5 are not used for the corresponding requirement. The next subframe (i.e. sub-frame#1 or #6) shall be used for the retransmission.



2.2 CQI tests under fading conditions
These tests are used in order to verify the accuracy of the CQI reporting.
2.2.1 PUSCH 3-0 CQI: sub-band CQI with frequency selective fading

For the CQI test aiming at verifying the sub-band CQI, the following table (Table 2) can be used for the alignment of the results and the definition of the requirements. This is a modification of Table 9.3.1.1.1-1 in 36.101.
Table 2: Sub-band test for single antenna transmission (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	5 MHz

	Transmission mode
	
	1 (port 0)

	Downlink power allocation
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	dB[mW/15kHz]
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	[-84]
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	-98
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	Propagation channel
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	Antenna configuration
	
	1 x 2

	Reporting interval
	ms
	5

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 3-0

	Sub-band size
	RB
	4 (full size)

	Max number of HARQ transmissions
	
	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.




With the reference channel defined as follows:
Table A.4-4: Reference channel for CQI requirements (FDD) 6 PRB allocation (CRS)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	6
	6
	6
	6
	6
	6

	Subcarriers per resource block
	
	12
	12
	12
	12
	12
	12

	Allocated subframes per Radio Frame
	
	8
	8
	8
	8
	8
	8

	Modulation
	
	
	
	Table A.4-6
	Table A.4-6
	
	

	Target coding rate
	
	
	
	Table A.4-6
	Table A.4-6
	
	

	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.4.6 as already defined in the specification can be reused. It is reported here for information.
Table A.4-6: Transport format corresponding to each CQI index for 6 PRB allocation (CRS)
	CQI index
	Modulation
	Target code rate 
	Imcs
	Information Bit Payload
	Binary Channel Bits Per Sub-Frame

	0
	out of range
	out of range
	DTX
	-
	-

	1
	QPSK
	0.0762
	0
	152
	1512

	2
	QPSK
	0.1172
	0
	152
	1512

	3
	QPSK
	0.1885
	2
	256
	1512

	4
	QPSK
	0.3008
	4
	408
	1512

	5
	QPSK
	0.4385
	6
	600
	1512

	6
	QPSK
	0.5879
	8
	808
	1512

	7
	16QAM
	0.3691
	11
	1032
	3024

	8
	16QAM
	0.4785
	13
	1352
	3024

	9
	16QAM
	0.6016
	16
	1800
	3024

	10
	64QAM
	0.4551
	19
	2152
	4536

	11
	64QAM
	0.5537
	21
	2600
	4536

	12
	64QAM
	0.6504
	23
	2984
	4536

	13
	64QAM
	0.7539
	25
	3496
	4536

	14
	64QAM
	0.8525
	27
	3752
	4536

	15
	64QAM
	0.9258
	27
	3752
	4536

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


The performance is provided by the following metrics:
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;

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 ≥ ;

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. 

As a matter of example we provide here initial simulation results.
Table 3 and 4 show the performance results in terms probability of sub-band differential CQI offset level of 0.
Table 3. First part of the table reporting the performance results in terms probability of sub-band differential CQI offset level of 0.

[image: image11.png]SNR[dB] | CWER | Toput | Median | P(0)_SB0 | P(0)_SBI [ P(0)_SB2
2.00 0.05 | 086 | 7.00 0.13 0.13 0.14
5.00 0.07 | 089 | 8.00 0.20 0.20 0.20
6.00 0.06 | 100 | 8.00 0.17 0.15 0.16
7.00 0.05 | 103 | 8.00 0.14 0.14 0.14
8.00 0.07 | 108 | 8.00 0.13 0.13 0.12
9.00 0.04 | 129 | 9.00 0.08 0.08 0.09
0.00 004 | 141 | 1000 [ 0.12 0.12 0.12
11.00 0.03 | 150 | 10.00 | 0.11 0.10 011
12.00 0.03 | 164 | 11.00 | 0.11 0.10 0.10
13.00 0.03 | 172 | 11.00 | 0.08 0.09 0.09
12.00 0.04 | 169 | 11.00 | 0.08 0.08 0.07
15.00 0.04 | 181 | 1200 | 0.08 0.08 0.09
16.00 0.04 | 189 | 1200 | 0.08 0.08 0.08
17.00 0.05 | 186 | 1200 | 0.07 0.07 0.06
18.00 0.07 | 183 | 1300 | 0.07 0.07 0.07
19.00 0.06 | 184 | 1300 | 0.07 0.08 0.07
20.00 0.08 | 181 | 1300 | 0.06 0.06 0.06





Table 4. Second part of the table reporting the performance results in terms probability of sub-band differential CQI offset level of 0.

[image: image12.png]SNR[dB] | P(0)_SB3 | P(0)_SB4 | P(0)_SB5 | P(0)_SB6 | P(0)_SB7
2.00 0.14 0.14 0.14 0.13 0.13

5.00 0.20 0.20 0.19 0.19 0.20

6.00 0.17 0.17 0.17 0.16 0.17

7.00 0.15 0.15 0.15 0.14 0.14

8.00 0.13 0.13 0.13 0.14 0.12

9.00 0.09 0.09 0.08 0.08 0.08
70.00 0.13 0.2 0.12 0.12 0.12
11.00 011 011 0.12

0.11

0.12





[image: image13.png]12.00 0.12 0.11 0.11 0.11 0.11
13.00 0.09 0.09 0.10 0.08 0.09
14.00 0.08 0.08 0.08 0.08 0.08
15.00 0.09 0.09 0.09 0.08 0.09
16.00 0.08 0.08 0.08 0.08 0.08
17.00 0.07 0.07 0.06 0.07 0.07
18.00 0.08 0.07 0.08 0.07 0.08
19.00 0.08 0.07 0.08 0.08 0.08
20.00 0.06 0.06 0.06 0.07 0.06





Table 5 shows the performance obtained for 5MHz carrier compared with the legacy requirements.
Table 5: performance obtained for 5MHz carrier compared with the legacy requirements.

[image: image14.png]Name’ Req(itigh) | Sim | Onit SNR
T1(a)-0 SNRT | 0.02/0.55 | 0.08 | P(0) SBO 9.00

T1(a)-1 SNRT | 0.02/0.55 | 0.08 | P(0) SBT 5.00

T1(a)2 SNAT | 0.02/0.55 | 0.09 | P(0) SBZ 9.00

T1(a)3 SNRT | 0.02/0.55 | 0.09 | P(0) SB3 9.00

Ti(a)4 SNART | 0.02/0.55 | 0.09 | P(0) SB4 9.00

T1(a)5 SNRT | 0.02/0.55 | 0.08 | P(0) SB5 9.00

T1(a)6 SNRT | 0.02/0.55 | 0.08 | P(0) SB6 9.00

T1(a)7 SNRT | 0.02/0.55 | 0.08 | P(0) SB7 9.00

Ti(b)SNRT | 1.10/inf | 2.12 | TP rafio 9.00

T1(c)SNRT__| 0.05/inf | 0.04 | BLER(median) | 9.00

T1(a)0 SNRZ | 0.02/0.55 | 0.12 | P(0) SBO 10.00
T1(a)1 SNR2 | 0.02/0.55 | 0.12 | P(0) SBT 10.00
T1(a)2 SNR2 | 0.02/0.55 | 0.12 | P(0) SB2 10.00
Ti(a)3 SNR2 | 0.02/0.55 | 0.13 | P(0) SB3 10.00
Ti(a)4 SNR2 | 0.02/0.55 | 0.12 | P(0) SB4 10.00
T1(a)5 SNR2 | 0.02/0.55 | 0.12 | P(0) SB5 10.00
T1(a)6 SNR2 | 0.02/0.55 | 0.12 | P(0) SB6 10.00
Ti(a)7 SNR2 | 0.02/0.55 | 0.12 | P(0) SB7 10.00
Ti(b)SNR2 | 1.10/inf | 2.14 | TP ralio 10.00
T1(c)SNR2__| 0.05/Inf | 0.04 | BLER(median) | 10.00
T2(a)-0 SNRT | 0.02/0.55 | 0.08 | P(0) SBO 14.00
T2(a)1 SNRT | 0.02/0.55 | 0.08 | P(0) SB1 12.00
T2(a)2 SNRT | 0.02/0.55 | 0.07 | P(0) SB2 12.00
T2(a)3 SNART | 0.02/0.55 | 0.08 | P(0) SB3 12.00
T2(a)4 SNRT | 0.02/0.55 | 0.08 | P(0) SB4 14.00
T2(a) 5 SNRT | 0.02/0.55 | 0.08 | P(0) SB5 14.00
T2(a) 6 SNRT | 0.02/0.55 | 0.08 | P(0) SB6 12.00
T2(a)7 SNRT | 0.02/0.55 | 0.08 | P(0) SB7 12.00
T2(5) SNRT | 1.10/inf | 1.69 | TP rafio 12.00
T2(c)SNRT__| 0.05/inf | 0.04 | BLER(median) | 14.00
T2(a)-0 SNR2 | 0.02/0.55 | 0.08 | P(0) SBO 15.00
T2(a)1 SNR2 | 0.02/0.55 | 0.08 | P(0) SBT 15.00
T2(a)2 SNR2 | 0.02/0.55 | 0.09 | P(0) SB2 15.00
T2(a)3 SNR2 | 0.02/0.55 | 0.09 | P(0) SB3 15.00
T2(a)4 SNR2 | 0.02/0.55 | 0.09 | P(0) SB4 15.00
T2(a) 5 SNR2 | 0.02/0.55 | 0.09 | P(0) SB5 15.00
T2(a) 6 SNR2 | 0.02/0.55 | 0.08 | P(0) SB6 15.00
T2(a)7 SNR2 | 0.02/0.55 | 0.09 | P(0) SB7 15.00
T2(b)SNR2 | 1.10/inf | 1.95 | TP rafio 15.00
T2(c) SNR2 | 0.05/inf | 0.04 | BLER(median) | 15.00





It should be noted that the parameters of the channel profile defined in clause B.2.4 may need to be revisited. The legacy test is defined with 
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was optimized in order to have a certain number of fading dips within 10MHz. If we consider 5MHz this value may need to be revisited.
Figure 1 shows the channel profile together with the subbands for the 10MHz channel and the equivalent sub-bands for 5Mhz channels if the same channel characteristics are considered.
Figure 2 shows a re-optimization of the parameter  
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 in order to have deeps corresponding to 4 RBs. 
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Figure 1. channel profile and sub-band sizes for 10 and 5MHz by considering the same parameters as for legacy test
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Figure 2. channel profile and sub-band sizes for 5MHz by considering 
[image: image21.wmf]625

.

0

=

d

t

s

Proposal: Discuss further whether 
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needs to be re-optimized for this test.
It should be noted that table A.4-4 already defines the resource allocation for all the channel bandwidth to be equal to 6RBs. However, this is linked to the sub-band size which changes depending on the channel bandwidth. So it is suggested to change the allocation from 6 to 4RBs for 5MHz carrier. The new RMC is provided in the following tables:

Table A.4-4: Reference channel for CQI requirements (FDD) 6 PRB allocation (CRS)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	6
	6
	4
	6
	6
	6

	Subcarriers per resource block
	
	12
	12
	12
	12
	12
	12

	Allocated subframes per Radio Frame
	
	8
	8
	8
	8
	8
	8

	Modulation
	
	
	
	Table A.4-6c
	Table A.4-6
	
	

	Target coding rate
	
	
	
	Table A.4-6c
	Table A.4-6
	
	

	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.4.6 as already defined in the specification can be reused. It is reported here for information.

Table A.4-6c: Transport format corresponding to each CQI index for 4 PRB allocation (CRS)
	CQI index
	Modulation
	Target code rate 
	Imcs
	Information Bit Payload
	Binary Channel Bits Per Sub-Frame

	0
	out of range
	out of range
	DTX
	-
	-

	1
	QPSK
	0.0762
	0
	88
	1008

	2
	QPSK
	0.1172
	1
	144
	1008

	3
	QPSK
	0.1885
	2
	176
	1008

	4
	QPSK
	0.3008
	5
	328
	1008

	5
	QPSK
	0.4385
	7
	472
	1008

	6
	QPSK
	0.5879
	9
	616
	1008

	7
	16QAM
	0.3691
	12
	776
	2016

	8
	16QAM
	0.4785
	14
	1000
	2016

	9
	16QAM
	0.6016
	16
	1224
	2016

	10
	64QAM
	0.4551
	19
	1416
	3024

	11
	64QAM
	0.5537
	21
	1736
	3024

	12
	64QAM
	0.6504
	23
	1992
	3024

	13
	64QAM
	0.7539
	25
	2280
	3024

	14
	64QAM
	0.8525
	27
	2536
	3024

	15
	64QAM
	0.9258
	28
	2984
	3024

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


Proposal: Consider modifying Table A.4-4 to consider 4RBs allocation rather than 6. The CQI table will need to be changed accordingly. 
2.2.2 PUCCH 1-0 CQI: Wideband CQI with frequency non-selective fading

For the CQI test aiming at verifying the wideband CQI, the following table (Table 6) can be used for the alignment of the results and the definition of the requirements. This is a modification of Table 9.3.2.1.1-1 in 36.101.
Table 6 Fading test for single antenna (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	5 MHz

	Transmission mode
	
	1 (port 0)

	Downlink power allocation
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	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	EPA5

	Correlation and antenna configuration
	
	High (1 x 2)

	Reporting mode
	
	PUCCH 1-0

	Reporting periodicity
	ms
	Npd = 2

	CQI delay
	ms
	8

	 Physical channel for CQI reporting
	
	PUSCH (Note 4)

	PUCCH Report Type
	
	4

	cqi-pmi-ConfigurationIndex
	
	1

	Max number of HARQ transmissions
	
	1

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

Note 2:
Reference measurement channel according to Table A.4-1 for Category 2-8 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1 and Table A.4-7 for Category 1 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.


The following RMC can be considered for Cat 2-8 UEs:

Table A.4-1: Reference channel for CQI requirements (FDD) full PRB allocation (CRS)

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	6
	15
	25
	50
	75
	100

	Subcarriers per resource block
	
	12
	12
	12
	12
	12
	12

	Allocated subframes per Radio Frame
	
	8
	8
	8
	8
	8
	8

	Modulation
	
	
	
	Table A.4-3h
	Table A.4-3
	Table A.4-3a
	
	Table A.4-3g

	Target coding rate
	
	
	
	Table A.4-3h
	Table A.4-3
	Table A.4-3a
	
	Table A.4-3g

	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.4-3h introduced above (Section 2.1) can be reused as basis for the transport format selection for cat 2-8 UE. 
The following RMC can be considered for category 1 UEs

Table A.4-7: Reference channel for CQI requirements (FDD) partial PRB allocation (CRS)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	
	15

(Note 3)
	15

(Note 3)
	
	

	Subcarriers per resource block
	
	
	12
	12
	
	

	Allocated subframes per Radio Frame
	
	
	8
	8
	
	

	Modulation
	
	Table A.4-9

	Target coding rate
	
	Table A.4-9

	Number of HARQ processes
	
	
	8
	8
	
	

	Maximum number of HARQ transmissions
	
	
	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.

Note 3:
Centered within the Transmission Bandwidth Configuration (Figure 5.6-1).


Table A.4-9 can be reused for the Transport block size selection.

2.3 PMI

The aim of these tests is to verify that the PMI selected and reported by the UE provides gains. In [1] we have proposed to introduce 2 tests based on PUSCH 3-1 and PUCCH 1-2. 
In the following we provide the RMC for these PMI tests.

2.3.1 PMI test based on PUSCH 3-1 with TM6 and 2x2 

For the PMI test aiming at verifying single PMI reporting, the following table (Table 7) can be used for the alignment of the results and the definition of the requirements. This is a modification of Table 9.4.1.1.1-1 in 36.101.
Table 7. PMI test for single-layer (FDD)

	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	5

	Transmission mode
	
	6

	Propagation channel
	
	EVA5

	Precoding granularity
	PRB
	25

	Correlation and antenna configuration
	
	Low 2 x 2

	Downlink power allocation
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	dB[mW/15kHz]
	-98

	Reporting mode
	
	PUSCH 3-1

	Reporting interval
	ms
	1

	 PMI delay (Note 2)
	ms
	8

	Measurement channel
	
	R. 57 FDD (QPSK 1/3)

	OCNG Pattern
	
	OP.1 FDD

	Max number of HARQ transmissions
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3}

	Note 1:
For random precoder selection, the precoder shall be updated in each TTI (1 ms granularity).

Note 2:
If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4).



The RMC R.57 FDD is provided in Document [2]. 

As example Figure 3 shows the initial performance results when Option 1 for R.57 is considered.
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2.3.2 PMI test based on PUSCH 1-2 with TM6 and 2x2 

For the PMI test aiming at verifying multiple PMI reporting, the following table (Table 8) can be used for the alignment of the results and the definition of the requirements. This is a modification of Table 9.4.2.1.1-1 in 36.101.
Table 7. PMI test for single-layer (FDD)

	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	5

	Transmission mode
	
	6

	Propagation channel
	
	EPA5

	Precoding granularity
(only for reporting and following PMI)
	PRB
	4

	Correlation and antenna configuration
	
	Low 2 x 2

	Downlink power allocation
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	dB[mW/15kHz]
	-98

	Reporting mode
	
	PUSCH 1-2

	Reporting interval
	ms
	1

	PMI delay
	ms
	8

	Measurement channel
	
	R.55 or R.11-2 FDD as defined in [2]

	OCNG Pattern
	
	OP.1 FDD

	Max number of HARQ transmissions
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3}

	Note 1:
For random precoder selection, the precoders shall be updated in each TTI (1 ms granularity).

Note 2:
If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4).

Note 3:
One/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2 shall be used.


The modification of R.11 FDD is provided in [2], i.e. R.55 or R.11-2 depending on the option chosen. Note that in this case there is no need to introduce a new RMC for category 1 UEs.
2.4 RI

The aim of these tests is to verify the reporting capability and accuracy RI as reported by the UE. In [1] we have proposed to introduce 1 test based on the modification of the current RI test. This is shown in Table 8 (modification of Table 9.5.1.1-1). 

Table 8. RI Test (FDD)

	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Bandwidth
	MHz
	5

	PDSCH transmission mode
	
	4

	Downlink power allocation
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	Propagation condition and antenna configuration
	
	2 x 2 EPA5

	CodeBookSubsetRestriction bitmap
	
	000011 for fixed RI = 1

010000 for fixed RI = 2

010011 for UE reported RI

	Antenna correlation
	
	Low
	Low
	High

	RI configuration
	
	Fixed RI=2 and follow RI
	Fixed RI=1 and follow RI
	Fixed RI=1 and follow RI

	SNR
	dB
	[0]
	[20]
	[20]
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	dB[mW/15kHz]
	[-98]
	[-78]
	[-78]

	Maximum number of HARQ transmissions
	
	1

	Reporting mode
	
	PUCCH 1-1 (Note 4)

	Physical channel for CQI/PMI reporting
	
	 PUCCH Format 2

	PUCCH Report Type for CQI/PMI
	
	2

	Physical channel for RI reporting
	
	PUSCH (Note 3)

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	Npd= 5

	PMI and CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	6

	ri-ConfigurationInd
	
	1 (Note 5)

	Note 1: If the UE reports in an available uplink reporting instance at subframe SF#n based on PMI and CQI estimation at a downlink subframe not later than SF#(n-4), this reported PMI and wideband CQI cannot be applied at the eNB downlink before SF#(n+4).
Note 2: Reference measurement channel according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.

Note 3:
To avoid collisions between RI 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#4 and #9 to allow periodic RI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#8 and #3.

Note 4:
The bit field for precoding information in DCI format 2 shall be mapped as:

●
For reported RI = 1 and PMI = 0 >> precoding information bit field index = 1

●
For reported RI = 1 and PMI = 1 >> precoding information bit field index = 2

●
For reported RI = 2 and PMI = 0 >> precoding information bit field index = 0

Note 5:
To avoid the ambiguity of TE behaviour when applying CQI and PMI during rank switching, RI reports are to be applied at the TE with one subframe delay in addition to Note 1 to align with CQI and PMI reports.


The RMC is provided by Table A.4-1 with the CQI table as defined in A.4-3h Section 2.1
3 Conclusions

In this document we have provided the modifications needed to introduce new CSI reporting tests together with the RMC to be used for the proposed test. We have also discussed a possible re-optimization of taud parameter for the CQI reporting under frequency selective fading. Additional some initial preliminary results were provided for CQI reporting. 
Proposal: Consider introducing the tests listed in [1] with the RMC defined in the above sections.
Proposal: Discuss further whether 
[image: image38.wmf]d
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needs to be re-optimized for this test.
Proposal: Consider modifying Table A.4-4 to consider 4RBs allocation rather than 6. The CQI table will need to be changed accordingly.
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