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In RAN4#92bis meeting, a way forward was approved regarding to PMI reporting requirements for Tx ports larger than 8 and up to 32. In WF[1] the type I single panel codebook is prioritized to be evaluated. Then, Rel-15 type II codebook is proposed to define the PMI reporting requirement in Rel-16 performance enhanced WI. Besides that, other codebook types will not be considered for Rel-16 performance enhanced WI.
Considering the enhanced codebook in Rel-16 is based on Type II codebook with taking into account the tradeoff between performance and overhead, as a result, it is necessary to introduce the Type II CSI as a basic performance at the present stage. Furthermore, companies were encouraged to provide initial results and opinions on the assumptions for Type II PMI simulations.
In this contribution, we share our views and simulation results of Type II CSI for alignment purpose. 
Simulation assumptions for Type II PMI performance requirements
In Rel-15 Type II codebook, the precoder can be written as , where W1 denotes the wideband beam which is represented by a set of DFT basis, W2 denotes subband coefficients including amplitude and phase information in each beam that is different for each layer. Type II provide more accurate channel coefficients because L beams response more efficient channel characters than before. Type II structure is extended from the ‘Advanced codebook’ in Rel-14 which only comprise two beams with less precision than Type II CSI. The requirements of ‘Advanced codebook’ has been finished at Rel-14 WI. Thus, we attempt to define Type II PMI requirements refer to section 9.4.2.3.9 and 9.4.2.3.10 in [2] at the first step.
The simulation assumptions are shown as below based on the companion contribution [3]:
Table 1 Simulation assumptions for Type II PMI (FDD)
	Parameter
	Unit
	Value

	Bandwidth
	MHz
	10

	Subcarrier spacing
	kHz
	15

	Duplex Mode
	
	FDD

	Propagation channel
	
	TDLA 30-5

	Antenna configuration
	
	High XP 16 x 2
         (N1,N2) = (4,2)
         (O1,O2) = (4,4)

	MCS
	
	13

	Rank
	
	1/2

	Beamforming Model
	
	As specified in Annex B2.3B.4A [2]

	ZP CSI-RS configuration
	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 3 (4,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(9,-)

	
	CSI-RS
interval and offset
	slot
	10/1

	NZP CSI-RS for CSI acquisition
	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	16

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1, k2, k3 )
	
	Row 12
(0,2,4,6)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(12,-)

	
	CSI-RS
interval and offset
	
	10/1

	CSI-IM configuration
	CSI-IM RE pattern
	
	Pattern 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)
	
	(4,9)

	
	CSI-IM timeConfig
interval and offset
	slot
	5/1

	ReportConfigType
	
	Aperiodic

	CQI-table
	
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Subband

	Sub-band Size
	RB
	8

	csi-ReportingBand
	
	1111111

	CSI-Report interval and offset
	slot
	5/1

	aperiodicTriggeringOffset
	
	0

	Codebook configuration
	Codebook Type
	
	Type II

	
	NumberOfBeams
	
	2

	
	NPSK
	
	4

	
	SubbandAmplitude
	
	‘OFF’/
‘ON’

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	(4,2)

	
	CodebookSubsetRestriction
	
	FFS

	
	RI Restriction
	
	FFS

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	8

	Maximum number of HARQ transmission
	
	4

	Measurement channel
	
	FFS

	Note 1:	For random precoder selection, the precoder shall be updated in each slot (1 ms granularity).
Note 2:	If the UE reports in an available uplink reporting instance at slot#n based on PMI estimation at a downlink slot not later than slot#(n-3), this reported PMI cannot be applied at the eNB downlink before slot#(n+3).
Note 3:	Randomization of the principle beam directions shall be used as specified in Annex B.2.3B.4A of TS 36.101 with Relative power ratio (p) equals to 1.



Simulation results 
Based on the above assumptions, we present the simulation results as the following:
[image: ]
Fig.1 Throughput performance for 16x2 rank1
Table 1: The relative throughput between following and random PMI for 16x2 rank 1
	SNR (dB)
	 Type II with ‘SubbandAmplitude=OFF’
	Type II with ‘SubbandAmplitude=ON’
	Type I

	-10
	3.41
	3.41
	57.43

	-8
	2.76
	2.76
	29.44

	-6
	2.36
	2.36
	13.97

	-4
	2.04
	2.04
	8.74

	-2
	1.86
	2.00 
	6.61

	0
	1.72
	1.72 
	5.18

	2
	1.63
	1.63 
	3.94

	4
	1.57
	1.57 
	2.92

	6
	1.54
	1.54 
	2.33

	8
	1.52
	1.52 
	1.92

	10
	1.51
	1.51 
	1.67

	12
	1.49
	1.49 
	1.50

	14
	1.48
	1.48 
	1.33

	16
	1.48
	1.48 
	1.25

	18
	1.48
	1.48 
	1.17

	20
	1.48
	1.48 
	1.12




[image: ]
Fig.2 Throughput performance for 16x2 rank2
Table 2: The relative throughput between following and random PMI for 16x2 rank 2
	SNR (dB)
	 Type II with ‘SubbandAmplitude=OFF’
	Type II with ‘SubbandAmplitude=ON’
	Type I

	8
	4972.99
	4941.01 
	3.92

	10
	831.17
	1234.50 
	3.01

	12
	311.50
	706.71 
	2.43

	14
	106.13
	451.82 
	2.06

	16
	46.62
	413.83 
	1.80

	18
	26.39
	275.28 
	1.60

	20
	17.38
	235.76 
	1.44

	22
	14.89
	28.06 
	1.35

	24
	14.01
	28.45 
	1.28

	26
	14.21
	25.15 
	1.24

	28
	14.17
	27.35 
	1.21



It is observed that the performance of Type II with ‘subbandAmplitude=ON’ is almost identical to ‘subbandAmplitude=OFF’ in channel ‘TDL-A’ case. As for Type II, it achieves significant gain compared to Type I codebook, the gain is about 9dB and 6.6dB for rank1 and rank 2 separately at SNR point at 90% of peak throughput. For Type II, the gap between following PMI and random PMI is remarkable than Type I PMI’s because the Type II random PMI is more difficult to adapt the multi-beam channel environment.  
Table3:  The SNR point at 90% of peak throughput and TP ratio 
	      
	16x2
Rank=1
	16x2
Rank=2

	SNR point for 90% with Type II following PMI
	-11.5dB
	-1.7dB

	TP ratio of following PMI and Random PMI under Type II codebook
	3.5
	---

	TP ratio of following PMI with Type II codebook / following PMI with Type I codebook
	4.57
	2.02



The SNR point is lower than before. Consequently, the current test case used in Type I PMI may not appropriate for Type II PMI, we advise to design new test cases for the enhanced codebook. 
The distributions of the selected beam, amplitude and co-phasing coefficients are collected as shown below. In this section, we focus on ‘Type II with ‘subbandAmplitude=ON’ 16x2 rank=2’ at SNR 10dB.
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Fig. 3 Distributions of i11
[image: ]
Fig.4 Distributions of i12
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Fig.5 Distributions of i13 
[image: ]
Fig.6 Distributions of i141 (wideband amplitude coefficient indicators)
[image: ]
Fig.7 Distributions of i142 (wideband amplitude coefficient indicators)
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Fig.8 Distributions of i211 (phase coefficient indicators for layer 1)
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Fig.9 Distributions of i212 (phase coefficient indicators for layer 2)
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Fig.10 Distributions of i221 (subband amplitude coefficient indicators )
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Fig.11 Distributions of i222 (subband amplitude coefficient indicators )
According to the above collections, the distributions of subband amplitude coefficients (i221,i222) are nearly concentrated on 1 because the TDL-A channel has small delay that lead to low channel frequency selectivity. It also causes the performance of ‘SubbandAmplitude=OFF’ case is similar to the ‘SubbandAmplitude=ON’ case.
Based on the above observations, we propose that:
Proposal1: The precoding gain of Type II are obviously than before, therefore it is necessary to define new test case for Type II codebook. 
Proposal2: Regarding test metric, relative throughput ratio between following PMI with Type II codebook and following PMI with Type I codebook can considered as a candidate option.
[bookmark: _Hlk506828748]Conclusions
In this contribution, we provide our views and initial PMI simulation results for Type II codebook, based on the results, the following observations and proposals are made.
Observation1: As for Type II, it achieves significant gain compared to Type I codebook, the gain is about 9dB and 6.6dB for rank1 and rank 2 at SNR point at 90% of peak throughput, respectively. 
Observation2: The gap of Type II between following PMI and random PMI is extremely high than Type I codebook case
Observation3: SNR point at 90% of peak throughput is lower than before due to the more accurate channel compression for Type II.
Observation4:  The TDL-A channel model has small delay spread which lacks of channel selectivity in frequency domain, there is no obvious performance difference between ‘SubbandAmplitude=OFF’ and ‘SubbandSmplitude=ON’ in the current cases, consequently, other channel model with high delay spread  can be considered if RAN4 agreed to configure  ‘SubbandSmplitude=ON’. 
Proposal1: Under beam steering model with dual-cluster beams, there is larger performance gap between Type II codebook and Type I –single Panel codebook, RAN4 should define new test cases for Type II codebook.
Proposal 2: Regarding test metric, relative throughput ratio between following PMI with Type II codebook and following PMI with Type I codebook can considered as a candidate option.
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Appendix
The beam steering model with dual beams defined in [2] is showed as following:
B.2.3B.4A	Beam steering approach with dual cluster beams
Given the channel spatial correlation matrix in B.2.3B.1, the corresponding random channel matrix H can be calculated. The signal model for the k-th subframe is denoted as


And the steering matrix is further expressed as following:


where


-	,are independent channels for  the first beam and second beam with the Nr xNt channel matrix per subcarrier.


-	, are the steering matrix for first beam and second beam

-	 is the steering matrix in first dimension with same polarization,

-	 is the steering matrix in second dimension with same polarization,

-	 is the number of antenna elements infirst dimension with same polarization,

-	 is the number of antenna elements in second dimension with same polarization,

For 1 antenna element of the same polarization in one direction, .

For 2 antenna elements of the same polarization in one direction, .

For 3 antenna elements of the same polarization in one direction,.

For 4 antenna elements of the same polarization in one direction, .

where the index  stands for first dimension and second dimension respectively.






-	 controls the phase variation in first dimension and second dimension respectively, and the phase for k-th subframe is denoted by, where is the random start value with the uniform distribution, i.e., ,  is the step of phase variation, which is defined in Table B.2.3B.4-1, and k is the linear increment of 1 for every subframe throughout the simulation, the index  stands for first dimension and second dimension respectively.

-	 is the precoding matrix for Nt transmission antennas,



-	 is the received signal,  is the transmitted signal, and is AWGN.
Table B.2.3B.4A-1: The step of phase variation
	Variation Step
	Value (rad/subframe)

	

	1.2566×10-3

	

	2.5132×10-3
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