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1
Introduction
In recent RAN4 meetings, performance testing of UE-selected CSI reporting for PUSCH 2-0 and PUCCH 2-0 has been extensively discussed and a technically agreeable configuration for these two reporting modes has been reached in [1] (supported by 18 companies). For the last two remaining reporting modes, PUCCH 2-1 and PUSCH 2-2, in which there are still no test cases yet defined in RAN4, it was suggested to take the configuration proposals in [2] as the baseline for further discussion.
Since the accuracy and performance of CQI reporting in the remaining two modes will be tested separately, performance verification of their PMI reporting would seem reasonable to be carried out using similar method as for the existing PMI tests.
In this contribution, we provide our considerations and discussion on the performance verification of PUCCH 2-1 and PUSCH 2-2 reporting modes and propose their sample of test configurations in the Annex.
2
Discussion on PUCCH 2-1 performance testing
In periodic CSI reporting, when PUCCH 2-1 is configured, the UE is expected to report:
· one wideband CQI and one wideband PMI for the entire system bandwidth
· one CQI value for the selected subband in each of the bandwidth parts

For this reporting mode, the wideband PMI is the same as those reported in the PUCCH 1-1 and PUSCH 3-1 modes, and hence from the PMI accuracy verification standpoint it may not seem to be necessary. However, the overall link level performance due to channel adaptation may be quite different to the existing single PMI test using PUSCH 3-1 (the smallest wideband PMI reporting interval is 8ms for PUCCH 2-1 and 1ms for PUSCH 3-1, assuming FDD). It has, therefore, some merits to define a minimum requirement to ensure a good channel adaptation performance in the wideband PMI reports, in addition to verifying UE implementation correctness.
In PUCCH 2-1 mode, the reporting of wideband CQI/PMI and subband CQI (for each of the bandwidth part) is done in a circular manner as illustrated in Figure 1. That is in each reporting cycle, the wideband CQI and PMI are first reported, and then followed by individual subband CQI reports in each reporting instance.
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Figure 1: Uplink CSI reports in each reporting instance (FDD 10MHz bandwidth and reporting periodicity = 2ms).
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Figure 2: Uplink CSI reports in each reporting instance (TDD 10MHz bandwidth and reporting periodicity = 5ms).
In the existing performance verification of PMI reporting, minimum requirements are defined based on the precoding gain and expressed as the relative increase in throughput when the transmitter is configured according the UE reports compared to the case when the transmitter is using random precoding. This is achieved by configuring the eNB emulator (test equipment) to ignore both wideband and subband CQI reports from the UE and use a fixed reference channel (FRC) in the downlink transmission, so that the link adaptation effect of CQI reports is eliminated and the precoding gain from using the reported wideband PMI can be verified independently. 
Since the wideband PMI reporting in PUCCH 2-1 is very similar to PUSCH 3-1, the existing test configuration and methodology for the single PMI test, 2Tx single layer MIMO with TM6 and a relative throughput requirement, seem quite feasible for PUCCH 2-1 as well. However, special attention must be paid to the granularity of random precoder update. The shortest reporting periodicity (Np) of 2ms in PUCCH 2-1 means that the wideband PMI is reported every 8ms for FDD as shown in Figure 1. Therefore, an update granularity of 8ms in random precoder should also be assumed in the test setup. As for TDD, wideband PMI is reported every 20ms with reporting periodicity (Np) set to 5ms as shown in Figure 2. Therefore, an update granularity of 2 radio frames in random precoder should be assumed in the test setup. Furthermore, precoding granularity in the frequency domain and resource allocation should both be 50 PRB in 10MHz system so that to the full advantage of wideband PMI reports can be utilised.
Lastly, the same piggy-back solution in Section 9.3.2 of CQI reporting tests (FDD and TDD) can be adopted for this test as well to avoid collisions between CQI/PMI and HARQ-ACK reports. And hence the same UL-DL configuration to maximise the downlink throughput and reporting periodicity of Np = 5ms should be adopted to minimise test complexity.
To this end, an example of single-PMI test for PUCCH 2-1 is provided in Annex A with the above recommended test configurations. The remaining work is to find a suitable test channel and an appropriate verification point (i.e. required SNR level at x% of maximum throughput when using random precoding) for this test.
Proposal 1: It is recommended to use the single-PMI test setup given in Annex A to derive performance requirement for PUCCH 2-1.
3
Discussion on PUSCH 2-2 performance testing
In aperiodic CSI reporting, when PUSCH 2-2 is configured, the UE is expected to report:
· one wideband CQI per codeword and (when applicable) one wideband PMI for the whole system bandwidth
· one differential CQI per codeword and (when applicable) one PMI for transmission only over the M selected subbands
As seen, one wideband PMI and a single subband PMI for the M preferred subbands are reported in every reporting instance using PUSCH 2-2. The single wideband PMI is the same as those estimated in PUCCH 1-1, PUCCH 2-1, PUSCH 1-2 and PUSCH 3-1 modes and its estimation accuracy together with link adaptation performance has already been verified in the existing single-PMI test. It would therefore be reasonable to verify the subband PMI reports only and reuse the existing multiple-PMI test methodology for defining the minimum performance requirement.
In [3], it was suggested a different antenna configuration (e.g. 4Tx) for this performance verification with a different transmission mode and single/dual layer MIMO setup. While it is a good idea to consider a different antenna configuration that hasn’t really been used in current PMI tests (hence the precoding gain can be verified in the 4x2 transmission), the dual layer MIMO setup would not be readily feasible due to adaptation of useful channel rank.
To this end, an example of Multiple-PMI test for PUSCH 2-2 is provided in Annex B with the above considerations. Similar to the above single-PMI test, the remaining work is to find a suitable test channel and an appropriate verification point (i.e. required SNR level at x% of maximum throughput when using random precoding) for this test. Since the reporting mode is expected to be used for frequency-selective scheduling, good channel model candidates would be the 2-tap full correlation and EVA5 low correlation channels.
Proposal 2: It is recommended to use the multiple-PMI test setup given in Annex B to derive performance requirement for PUSCH 2-2.
4
Conclusions

In this contribution we provided considerations and discussion on the performance verification of PUCCH 2-1 and PUSCH 2-2 reporting modes and propose their sample of test configurations in the Annex. In summary, we propose the following:
Proposal 1: It is recommended to use the single-PMI test setup given in Annex A to derive performance requirement for PUCCH 2-1.

Proposal 2: It is recommended to use the multiple-PMI test setup given in Annex B to derive performance requirement for PUSCH 2-2.
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Annex A (verification framework for PUCCH 2-1):
9.4.1
Single PMI
9.4.1.1
Minimum requirement PUSCH 3-1
9.4.1.1.1
FDD
<< Unchanged sections omitted >>
9.4.1.1.2
TDD
<< Unchanged sections omitted >>
9.4.1.2
Minimum requirement PUCCH 2-1

9.4.1.2.1
FDD

For the parameters specified in Table 9.4.1.2.1-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 9.4.1.2.1-2.

Table 9.4.1.2.1-1 PMI test for single-layer (FDD)

	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Transmission mode
	
	6

	Propagation channel
	
	[EVA5]

	Precoding granularity
	PRB
	50

	Correlation and antenna configuration
	
	[Low] 2 x 2
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	dB[mW/15kHz]
	-98

	Reporting mode
	
	PUCCH 2-1

	Reporting periodicity
	ms
	NP = 2

	 PMI delay (Note 2)
	ms
	8

	Physical channel for CQI/PMI reporting
	
	PUSCH (Note 3)

	PUCCH Report Type for wideband CQI/PMI
	
	2

	PUCCH Report Type for subband CQI
	
	1

	Measurement channel
	
	R.10 FDD

	OCNG Pattern
	
	OP.1 FDD

	Number of bandwidth parts (J)
	
	3

	K
	
	1

	cqi-pmi-ConfigIndex
	
	1

	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 every eight TTI (8 ms granularity)

Note 2:
If the UE reports in an available uplink reporting instance at subframe 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:
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 9.4.1.2.1-2 Minimum requirement (FDD)

	Parameter
	Test 1

	
	TBD

	UE Category
	1-5


9.4.1.2.2
TDD

For the parameters specified in Table 9.4.1.2.2-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in 9.4.1.2.2-2.

Table 9.4.1.2.2-1 PMI test for single-layer (TDD)

	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Transmission mode
	
	6

	Uplink downlink configuration
	
	1

	Special subframe configuration
	
	4

	Propagation channel
	
	[EVA5]

	Precoding granularity
	PRB
	50

	Correlation and antenna configuration
	
	[Low] 2 x 2
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	dB[mW/15kHz]
	-98

	Reporting mode
	
	PUCCH 2-1

	Reporting periodicity
	ms
	NP = 5

	 PMI delay (Note 2)
	ms
	[10 or 11]

	Physical channel for CQI/PMI reporting
	
	PUSCH (Note 3)

	PUCCH Report Type for wideband CQI/PMI
	
	2

	PUCCH Report Type for subband CQI
	
	1

	Measurement channel
	
	R.10 TDD

	OCNG Pattern
	
	OP.1 TDD

	Number of bandwidth parts (J)
	
	3

	K
	
	1

	cqi-pmi-ConfigIndex
	
	1

	Max number of HARQ transmissions
	
	4

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

	ACK/NACK feedback mode
	
	Multiplexing

	Note 1:
For random precoder selection, the precoder shall be updated every two radio frames (20 ms granularity)

Note 2:
If the UE reports in an available uplink reporting instance at subframe 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:
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 9.4.1.2.2-2 Minimum requirement (TDD)

	Parameter
	Test 1

	
	TBD

	UE Category
	1-5


<< Unchanged sections omitted >>
Annex B (verification framework for PUSCH 2-2):

9.4.2
Multiple PMI

9.4.2.1
Minimum requirement PUSCH 1-2 

Editor’s note: the notation [1]-5 used in this sub-clause means that the requirement is applicable to Category 2-5 but only tentatively to Category 1.

9.4.2.1.1
FDD
<< Unchanged sections omitted >>
9.4.2.1.2
TDD
<< Unchanged sections omitted >>
9.4.2.2
Minimum requirement PUSCH 2-2 

9.4.2.2.1
FDD
For the parameters specified in Table 9.4.2.2.1-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in 9.4.2.2.1-2.

Table 9.4.2.2.1-1 PMI test for single-layer (FDD)

	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Transmission mode
	
	6

	Propagation channel
	
	[EVA5]

	Correlation and antenna configuration
	
	[Low] 4 x 2
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	dB[mW/15kHz]
	-98

	Reporting mode
	
	PUSCH 2-2

	Reporting interval
	ms
	1

	PMI delay (Note 2)
	ms
	8

	Measurement channel
	
	R.14-1 FDD

	OCNG Pattern
	
	[OP.1 FDD]

	Subband size (k)
	RBs
	3 (full size)

	Number of preferred subbands (M)
	
	5

	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 subframe 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.]


Table 9.4.2.2.1-2 Minimum requirement (FDD)

	Parameter
	Test 1

	
	TBD

	UE Category
	1-5


9.4.2.2.2
TDD

For the parameters specified in Table 9.4.2.2.2-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in 9.4.2.2.2-2.

Table 9.4.2.2.2-1 PMI test for single-layer (TDD)

	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Transmission mode
	
	6

	Uplink downlink configuration
	
	1

	Special subframe configuration
	
	4

	Propagation channel
	
	[EVA5]

	Precoding granularity
	PRB
	6

	Correlation and antenna configuration
	
	[Low] 4 x 2
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	dB[mW/15kHz]
	-98

	Reporting mode
	
	PUSCH 2-2

	Reporting interval
	ms
	5

	PMI delay
	ms
	[10 or 11]

	Measurement channel
	
	R.14-1 TDD

	OCNG Pattern
	
	[OP.1 TDD]

	Subband size (k)
	RBs
	3 (full size)

	Number of preferred subbands (M)
	
	5

	Max number of HARQ transmissions
	
	4

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

	ACK/NACK feedback mode
	
	Multiplexing

	Note 1:
For random precoder selection, the precoders shall be updated in each available downlink transmission instance
Note 2:
If the UE reports in an available uplink reporting instance at subframe 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 TDD as described in Annex A.5.2.1/2 shall be used.]


Table 9.4.2.2.2-2 Minimum requirement (TDD)

	Parameter
	Test 1

	
	TBD

	UE Category
	1-5


<< Unchanged sections omitted >>
A.3.3.2.2
Four antenna ports

Table A.3.3.2.2-1: Fixed Reference Channel four antenna ports

	Parameter
	Unit
	Value

	Reference channel
	
	R.12 FDD
	R.13 FDD
	R.14 FDD
	R.14-1 FDD
	R.36 FDD
	

	Channel bandwidth
	MHz
	1.4
	10
	10
	10
	10
	

	Allocated resource blocks
	
	6
	50
	50
	15
	50
	

	Allocated subframes per Radio Frame
	
	10
	10
	10
	10
	10
	

	Modulation
	
	QPSK
	QPSK
	16QAM
	16QAM
	64QAM
	

	Target Coding Rate
	
	1/3
	1/3
	1/2
	1/2
	1/2
	

	Information Bit Payload
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	408
	4392
	12960
	3880
	18336
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a
	n/a
	

	  For Sub-Frame 0
	Bits
	152
	3624
	11448
	n/a
	18336
	

	Number of Code Blocks per Sub-Frame
(Note 3)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	
	1
	1
	3
	1
	4
	

	  For Sub-Frame 5
	
	n/a
	n/a
	n/a
	n/a
	n/a
	

	  For Sub-Frame 0
	
	1
	1
	2
	n/a
	3
	

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1248
	12800
	25600
	7680
	38400
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a
	n/a
	

	  For Sub-Frame 0
	Bits
	480
	12032
	24064
	n/a
	36096
	

	Max. Throughput averaged over 1 frame
	Mbps
	0.342
	3.876
	11.513
	3.104
	16.502
	

	UE Category
	
	1-5
	1-5
	2-5
	1-5
	2-5
	

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz
Note 2:
Reference signal, synchronization signals and  PBCH allocated as per TS 36.211 [4]

Note 3:   If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)



<< Unchanged sections omitted >>
A.3.4.2.2
Four antenna ports

Table A.3.4.2.2-1: Fixed Reference Channel four antenna ports

	Parameter
	Unit
	Value

	Reference channel
	
	R.12 TDD
	R.13 TDD
	R.14 TDD
	R.14-1 TDD
	R.36 TDD
	

	Channel bandwidth
	MHz
	1.4
	10
	10
	10
	10
	

	Allocated resource blocks
	
	6
	50
	50
	15
	50
	

	Uplink-Downlink Configuration (Note 4)
	
	1
	1
	1
	1
	1
	

	Allocated subframes per Radio Frame (D+S)
	
	4+2
	4+2
	4+2
	4+2
	4+2
	

	Modulation
	
	QPSK
	QPSK
	16QAM
	16QAM
	64QAM
	

	Target Coding Rate
	
	1/3
	1/3
	1/2
	1/2
	1/2
	

	Information Bit Payload
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	408
	4392
	12960
	3880
	18336
	

	  For Sub-Frames 1,6
	Bits
	n/a
	3240
	9528
	2984
	15840
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a
	n/a
	

	  For Sub-Frame 0
	Bits
	208
	4392
	n/a
	n/a
	n/a
	

	Number of Code Blocks per Sub-Frame
(Note 5)
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	
	1
	1
	3
	1
	4
	

	  For Sub-Frames 1,6
	
	n/a
	1
	2
	1
	3
	

	  For Sub-Frame 5
	
	n/a
	n/a
	n/a
	n/a
	n/a
	

	  For Sub-Frame 0
	
	1
	1
	n/a
	n/a
	n/a
	

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	1248
	12800
	25600
	7680
	38400
	

	  For Sub-Frames 1,6
	Bits
	n/a
	10256
	20512
	5760
	30768
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a
	n/a
	

	  For Sub-Frame 0
	Bits
	624
	12176
	n/a
	n/a
	n/a
	

	Max. Throughput averaged over 1 frame
	Mbps
	0.102
	1.966
	4.498
	1.3728
	6.835
	

	UE Category
	
	1-5
	1-5
	2-5
	1-5
	2-5
	

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz. For subframe 1&6, only 2 OFDM symbols are allocated to PDCCH.

Note 2: 
For BW=1.4 MHz, the information bit payloads of special subframes are set to zero (no scheduling) to avoid problems with insufficient PDCCH performance at the test point.

Note 3:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4]
Note 4:
As per Table 4.2-2 in TS 36.211 [4]

Note 5:   If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
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