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1 Introduction

In last RAN4 meeting, such agreements were reached for advanced CSI.

	· Test metric: existing test metric for PMI test case as relative throughput ratio under FRC as starting point: 

· Randomize only {i1,3, i2, RPI}
· Introduce advanced Codebook PMI test case with below configuration:
· PUSCH 1-2 feedback mode, 16 CSI-RS ports with (N1,N2) = (2,4), (O1, O2) = (8, 4),  CDM4, CSS configuration  = 1,2, 3, 4 , EVA5Hz, with Rank2 transmission

· FFS for beam steering method

· Option 1: multi-cluster beam steering

· Other options not excluded


In this contribution, we discuss test case design for advanced CSI.
2 Discussion
2.1 Test case design

In Rel-14, advanced codebook was introduced to utilize linear combination of two main orthogonal beams. Dual-stage codebook structure was used, for CSI reporting, below information was required to generate a codebook:
· Wideband W1:  (Two major beam selection and relative power section)

· i1,1 ,i1,2 for first beam indication

· i1,3 for second beam indication (corresponding to d1,d2)

· Ip  for relative power indicator (RPI)

· Sub-band W2: co-phase and beam coefficient section (i2)
As agreed in last RAN4 meeting, during test we only consider randomization of i1,3 since i1 (i1,1 ,i1,2) is same as legacy Class A PMI codebook for first beam indication. For detailed test metric, we can fix i1,1=0 ,i1,2=0 through codebook restriction configuration, meanwhile in MIMO channel, fixed beam direction for first beam. 

Proposal 1:  Introducing test metric as relative throughput ratio under FRC between following PMI, RPI and random PMI and RPI
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with random precoding.
· For both random PMI and following PMI, selected precoders need to follow codebookSubsetRestriction configuration.
Proposal 2:During test fixed i1,1 and i1,2 as 0 for both following PMI and random PMI through codebookSubsetRestriction configuration meanwhile fixed beam direction for first beam during MIMO Channel.

Considering compared class A PMI feedback, only difference is codebook structure and reporting contents, it’s straightforward to use existing Class A PMI test cases as a start point for this new advanced CSI test case.

Proposal 3: A detailed test set-up proposed in table 1 below.
Table 1: Proposed test set-up for advanced codebook

	Parameter
	Unit
	Test 1 (Multiple PMI test) -16ports

	Bandwidth
	MHz
	10

	Transmission mode
	
	9

	Propagation channel
	
	EVA5

	Precoding granularity
(only for reporting and following PMI)
	
	6

	Correlation and antenna configuration
	
	2D High XP 16 x 2
(N1,N2,P) =(2,4,2)

	Beamforming model
	
	[Annex B.4.3]

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports

	
	
	15,…,30

	Number of CSI-RS ports
	
	16

	CDM Type
	
	CDM4

	CSI-RS periodicity and subframe offset  
TCSI-RS / ICSI-RS
	
	5/1

	NZP-CSI-RS-Configuration-List
	
	{0,1,2,3}

	FrequencyDensityNonPrecoded
	
	1

	NZP-TransmissionCombNonprecoded
	
	1

	eMIMO-Type
	
	Class A

	advancedCodebookEnabled
	
	True

	codebookConfig-N1
	
	2

	codebookConfig-N2
	
	4

	codebook-Over-Sampling-RateConfig-O1
	
	8

	codebook-Over-Sampling-RateConfig-O2
	
	4

	codebookSubsetRestriction-1
	
	0x02 
0000 0000 0000  0000

0000 0000 0000  0000

0000 0000 0000  0000

0000 0000 0000  0001

	codebookSubsetRestriction-2
	
	Codebook-Config 1: 
0000 1111 0000
Codebook-Config 2,3,4:
 0x 00 000000 FFFF 0000

	Reporting mode
	
	PUSCH 1-2

	Reporting interval
	ms
	5

	PMI delay
	ms
	8

	Measurement channel
	
	16QAM 1/2

	Rank Number of PDSCH
	
	2

	Max number of HARQ transmissions
	
	4

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


Regarding beam-steering, multi-cluster beam directions proposed in [3] and [4] as showed below, only difference is whether integrated separate MIMO channel faders for these multi-cluster beams or  with one same MIMO faders i.e. Hm=Hs
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Following above proposal, the beam direction of first beam direction are further simplified as fixed:
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As analyzed in [2], the problem for option 1 with same MIMO channel is that no explicit correlative phase rotation between two modelled beams, which result in UE reported i2 majorly reflects co-phasing information for cross- polarization antenna groups (q1) and no co-phasing selection for two beams. Then for option 1, in order to further model co-phasing between two beams, for second beams, we further optimize beam steering matrix for second beam as:
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Then option1: One MIMO channel
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Option 2: Separate MIMO Channels
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As analysed in [2], for second beam with beam rotation, it’s better to model beam direction between two beams are always orthogonal, then further classified the rotation beam direction with granularity of 
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2.2 Simulation results
In this section, we provide initial simulation results for advanced CB PMI test case, below PMI, RPI selection method used:

· Following PMI with advanced CB
· Random PMI with advanced CB
We evaluated both options as shown in below
· Option 1: 2 beam-cluster with Single channel

· Option 2: 2 beam-cluster with separate channel

During our simulation, p =sqrt (0.8)
As shown in figures below, absolute throughputs with different PMI adaption methods were provided in figure 1 and figure 3. Figure 2 and figure 4 show the relative throughput ratios.

[image: image16]
Figure 1: Absolute throughput Vs SNR for Option 1 (one channel)


[image: image17]
Figure 2: Relative throughput ratio Vs SNR for Option 1 (one channel)


[image: image18]
Figure 3: Absolute throughput Vs SNR for Option 2 (two channels)


[image: image19]
Figure 4: Relative throughput ratio Vs SNR for Option 2 (two channels)

Table 2: SNR and TP ratio with different options
	Relative TP
	1Channel

SNR /TP ratio
	2 Channels

SNR/TP ratio

	60%
	5.3 dB/1.65
	5.8 dB/1.45

	70%
	6.9 dB/1.63
	7.4 dB/1.48

	80%
	8.5 dB/1.60
	8.8 dB/1.50


We can observe that under option1, absolute throughputs performance is better than option2, further-more, relative throughput ratios between following PMI and random PMI are larger with option1. Meanwhile separate MIMO channel faders with different beam clusters means more channel faders required, this will increase TE complexity. 
3 Conclusion

In this contribution, we discuss test case design for advanced CSI.
Proposal 1:  Introducing test metric as relative throughput ratio under FRC between following PMI, RPI and random PMI and RPI
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with random precoding.
· For both random PMI and following PMI, selected precoders need to follow codebookSubsetRestriction configuration.
Proposal 2: During test fixed i1,1 and i1,2 as 0 for both following PMI and random PMI through codebookSubsetRestriction configuration meanwhile fixed beam direction for first beam during MIMO Channel.

Proposal 3: A detailed test set-up proposed in table 1 above.
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