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1   Background
For Type II codebook PMI reporting test of Rel-15 under SU-MIMO test setup, a few agreements have been reached based on the agreed WF [1] in the last meeting for the parameter configuration for simulation, see them below (newly agreed):

	· Codebook construction
· 16Tx ports (N1,N2) = (4,2), (O1, O2) = (4,4) 
· Npsk (phaseAlphabetSize)
· 8
· Beam steering model
· For Rel-15 Type II codebook test:

· Configure only two beams in beam steering model for Rel-15 Type II codebook test. 

· specifying beam steering model into specification:

· Reuse the agreement from Rel-16 eMIMO demod.


Besides that, there are still some parameter configurations that are left undetermined. We have run simulations based on the newly agreed parameter configurations and approved simulation assumption [2], to decide which option is more suitable for each open issue. 
In this contribution, we share our views on left open issues of Type I codebook and Type II codebook of SU-MIMO test setup based on our simulation results. For the discussion of MU-MIMO test setup and parameter configurations, to avoid duplicating words, please refer to our companion paper under the WI of Rel-16 eMIMO. 

2   Discussion
2.1   Type I codebook requirements
For Type I codebook requirements, we have captured the simulation results summary from the email discussion summary [3] of last RAN4 meeting.

For 16 Tx ports, 

Table 2.1-1 Simulation results of different companies for 16 Tx ports

	Duplex Mode
	Rx number
	Relative TP Ratio (gamma)

	
	
	CTC
	QC
	Huawei
	Ericsson
	Samsung
	Apple
	Intel

	FDD
	2
	3.9
	3.24
	4.4
	4.3
	4.6
	3.2
	3.0

	
	4
	4.6
	3.95
	4.9
	6.0
	5.2
	3.4
	3.8

	TDD
	2
	2.6
	
	4.8
	4.9
	4.2
	3.2
	

	
	4
	3.8
	
	4.7
	4.4
	5.0
	3.6
	


From the simulation above, for most of companies except two, we can observe that the relative TP ratio for 4Rx has at least 0.5 difference compared with that of 2Rx. Thus, we propose to use different gamma value for 2Rx and 4Rx. 
For 2Rx, we propose to use 2.5 for which is at least 0.5 gap compared with the lowest value of results in the table. And for 4Rx, we propose to use 3.5 or 3. 

Proposal 1: For 16 Tx ports, use 2.5 for 2Rx and use 3.5 or 3 for 4Rx. 

For 32 Tx ports,

Table 2.1-2 Simulation results of different companies for 32 Tx ports
	Duplex Mode
	Rx number
	Relative TP Ratio (gamma)

	
	
	CTC
	QC
	Huawei
	Ericsson
	Samsung
	Intel

	FDD
	2
	7.5
	6.55
	9.1
	10.17
	9.2
	6.0

	
	4
	12.5
	11.13
	18.2
	15.32
	11.35
	6.0

	TDD
	2
	17.1
	5.29
	11.3
	9.62
	9.3
	

	
	4
	25.6
	9.56
	21.4
	13.35
	14
	


Big difference on relative TP ratio between 2Rx and 4Rx has been observed. Thus, we also propose to use different gamma value for 2Rx and 4Rx. 
For 2Rx and 4Rx, we propose to use 5 and 8 respectively. 

Proposal 2: For 32 Tx ports, use 5 for 2Rx and use 8 for 4Rx. 
2.2   Type II codebook requirements
After the fall meeting, a Way forward has been agreed carrying multiple meeting agreements. For SU-MIMO, besides the couple of agreements have been made, there are still some parameter configurations that have not been decided yet. In this section, we would like to discuss each of them and share our simulation results to help analysis. 
Results are obtained through the simulations based on the agreed simulation assumption [2].

Note that following simulation results are run using 16Tx, 2Rx, FDD and 8PSK except when we are comparing different MIMO correlations.
SubbandAmplitude
Two candidate options for the configuration of SubbandAmplitude:
	· SubbandAmplitude
· Option 1: False
· Option 2: True


For the parameter of SubbandAmplitude, if we could look at our simulation results shown below:
Table 2-2 Simulation results for different SubbandAmplitude configuration

	
	XP high
	XP medium

	SubbandAmplitude
	True
	False
	True
	False

	SNR at 70% max throughput (dB)
	7.85
	7.9
	7.52
	7.57

	SNR at 90% max throughput (dB)
	10.8
	10.86
	9.82
	9.9


We don’t achieve much gain when configuring ‘True’ on SubbandAmplitude based on the simulation results above. Therefore, we prefer to use ‘false’ for configuration. 
Proposal 3: Use ‘false’ for SubbandAmplitude configuration
PMI-FormatIndicator

For this parameter, two candidate options are:
	· PMI-FormatIndicator
· Option 1: Wideband
· Option 2: Subband


We have run simulations using both options and here are what we get:

Table 2-3 Simulation results for different PMI-FormatIndicator

	
	XP high
	XP medium

	SubbandAmplitude
	Wideband
	Subband with ‘True’
	Wideband
	Subband with ‘True’

	SNR at 70% max throughput (dB)
	7.9
	7.85
	7.59
	7.52

	SNR at 90% max throughput (dB)
	11.06
	10.8
	10.12
	9.82


No more than 1dB performance difference has been observed. Therefore, we have the reason to believe that under the current agreed simulation assumption, configuring Subband can not fully use Type II codebook potential, and its performance is very close to the one of configuring Wideband. Thus, we propose to use Wideband for PMI-FormatIndicator configuration. 
Proposal 4: Use ‘Wideband’ for PMI-FormatIndicator configuration 

MIMO correlation

Companies have different views on which MIMO correlation that will be chosen for the test. Most opinions are concentrated the following options:
	· MIMO correlation
· Option 1: XP High
· Option 2: XP Medium


In order to compare these two correlation, we’ve run simulations that using same other configurations under two MIMO correlations, see some of them below:

Table 2-3 Simulation results under different MIMO correlations
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As we have mentioned before, it is much comparable if we could define the same MIMO correlation with Type I single panel codebook. Meanwhile, we also find that SNR differences between configurations are more obvious when using XP medium for MIMO correlation. Considering that the test metric is not the TP ratio between Type II and Type I codebook, we slightly prefer to choosing XP medium as the MIMO correlation configuration. 
Proposal 5: Choosing XP medium as the MIMO correlation configuration
Random PMI 
In the last meeting, companies had a discussion on how to implement random PMI for Type II codebook, since there is no clear definition for it in the specification. 

Candidate options can be seen as:
	· Implementation of Random Type II PMI

· Proposal 1: A common way of doing random PMI for Type II codebook simulation might need to be agreed in order to reach sufficient randomization and meanwhile avoid uncertainty and unexpected results brought by infinite random parameters.

· Beam randomization:

· Option 1: Randomly select a beam combination from a set which include all possible beam combinations 
· Option 2: Limit the set of possible beams to the possible beams under the configuration of following PMI 
· Amplitude and phase coefficient randomization:

· Option 1: For each weighting coefficient, independently and randomly chose an amplitude quantization gear and a phase quantization gear. To at least ensure one of the weighting coefficients is quantized as the highest grade, phase quantization is 0 gear and its position at 2L is randomly generated.
· Note: The set is limited due to the limitation of quantization gears.


For beam, we think that option 2 gives a reasonable set based on the following PMI parameter configurations that avoid the massive random possibilities brought by option 1. Thus, we prefer option 2 for beam randomization. 

For amplitude and phase coefficient randomization, our intention is to have a set that limits the possibilities of randomization. Because in option 1 for Amplitude and phase coefficient randomization issue, although the set is limited due to the limitation of quantization gears, the set that contains all the possibilities is also very large, and it takes a long time for simulation to achieve uniform randomness. Thus, a unified random method can be considered, such as reducing the optional set to ensure fairness.
Companies are encouraged to consider it and we hope that companies could reach a consensus on this before any simulation results alignment, in order to ensure the accuracy and fairness of requirements.

Observation 1: A common way of doing random PMI for Type II codebook simulation might need to be agreed in order to reach sufficient randomization and meanwhile avoid uncertainty and unexpected results brought by infinite random parameters 
Proposal 6: RAN4 needs to discuss and align the definition of Random PMI for Type II codebook before aligning simulation results based on the test metric of TP ratio between Follow PMI and Random PMI

3   Conclusion 
In this contribution, we discuss the left open issue of PMI reporting test with larger Tx ports. For Type I codebook, we give our proposal on choosing the gamma value. For Type II codebook, we share our views on undetermined parameter configurations under the SU-MIMO test setup, and give our proposals based on the simulation results. 
In conclusion, we propose the following:

Proposal 1: For 16 Tx ports, use 2.5 for 2Rx and use 3.5 or 3 for 4Rx
Proposal 2: For 32 Tx ports, use 5 for 2Rx and use 8 for 4Rx
Proposal 3: Use ‘false’ for SubbandAmplitude configuration
Proposal 4: Use ‘Wideband’ for PMI-FormatIndicator configuration
Proposal 5: Choosing XP medium as the MIMO correlation configuration
Observation 1: A common way of doing random PMI for Type II codebook simulation might need to be agreed in order to reach sufficient randomization and meanwhile avoid uncertainty and unexpected results brought by infinite random parameters
Proposal 6: RAN4 needs to discuss and align the definition of Random PMI for Type II codebook before aligning simulation results based on the test metric of TP ratio between Follow PMI and Random PMI
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