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1. Introduction

A set of simulation assumptions was agreed in RAN1#94bis for type II CSI enhancements. In RAN1 #95 meeting many agreements made including detail on frequency-domain compression unit, DFT basis oversampling factor(s), alternatives for basis subset selection scheme and alternatives for quantization scheme. In this contribution, we provide simulation results comparing different aspects of type II CSI compression schemes.
2. Simulation results
For the purpose of evaluation of the performance after Type II overhead reduction scheme in the #95 meeting [2] and the outcome offline results [3], FTP1 mode 1 with 0.5 Mbytes packet size is applied with Dense Urban channel model in approximately 50% and 70% resource utilization for rank 1 and 2 by evaluating in system level.

Two evaluation metrics are provided as performance versus overhead and ratio between throughput and overhead. Besides, quantization of 3 bits for amplitude and phase, and a common basis selection method, i.e. layer independent selection and beam level common selection, are both set as default configuration in DFT-basis subset selection method for DFT-based compression scheme.
2.1 Basis subset selection schemes
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Figure 2.1 a) Performance Vs overhead for layer and beam level selection method in medium traffic load
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Figure 2.1 b) Performance Vs overhead for layer and beam level selection method in high traffic load
In order to determine the basis subset selection scheme, simulation results in figure 2.1 a) and b) show four combinations of layer and beam level basis selection with DFT compression factor M from 2 to 4(the number of orthogonal DFT-basis vector). We can observed that,

Observation 1:

· The combination of layer and beam level independent DFT basis selection scheme achieves the best performance.

· Layer common selection of DFT basis show approximately similar performance compared with the best DFT basis selection scheme, especially layer common and beam level independent selection method.

· With medium traffic load, layer independent and beam level common selection method performs worst.

· With high traffic load, layer and beam level common selection scheme performs worst.

Hence,  a flexible basis selection scheme for adapting different traffic load and achieving better performance and overhead tradeoff can further considered.
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Figure 2.1 c) Performance Vs overhead for basis selection with window scheme in medium traffic load

[image: image4.emf]200 250 300 350 400 450 500 550 600 650 700

Overhead(bit)

88

90

92

94

96

98

100

R

e

l

a

t

i

v

e

 

M

e

a

n

 

U

P

T

Performance Vs overhead for rank & beam level selection

 compared with window, RU = 70%

layer independet & beam common

layer independet & beam common with window

layer & beam independent

layer & beam independent with window

type2


Figure 2.1 d) Performance Vs overhead for basis selection with window scheme in high traffic load
Basis selection with windowing scheme is compared with individual selection in figures 2.1 c) and d),  we  observe the following.

Observation 2:

· Windowing scheme does not show a good performance with overhead tradeoff at beam level common selection basis method.

· For beam level independent selection method, windowing scheme achieves balance between performance and overhead, especially in high traffic load.
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Figure 2.1 e) Performance Vs overhead for basis selection with subset scheme in medium traffic load

Here subset coefficients restriction scheme represents that subset of coefficients reporting where UE only  reports a subset K0 of all 2LM coefficients. In our view, the main purpose or the most useful effect is to set weak coefficients as zero amplitude in a two dimension of beam and frequency domain. Only beam level common selection method as there are many weaker coefficients among 2LM coefficients.  The DFT compression factor M is configured as 4 for subset coefficients restriction scheme and {2, 3, 4}  full set of coefficients reporting scheme. From the figure 2.1 e) we  have following observations.
Observation 3:
· A subset of K0 = 12 scheme, which only reports K0 coefficients out of 2LM = 32 coefficients, achieves slightly performs better compared to reporting of all coefficients with M = 3, but achieves approximately 30% less overhead. 
· The value of K0 should be configured carefully, as both of overhead and performance degrades when K0 = 8.
2.2 Compression Unit
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Figure 2.2 a) Performance Vs overhead for compression unit in medium traffic load
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Figure 2.2 b) Performance Vs overhead for compression unit in high traffic load

Considering PRG sizes specified release 15 specification are 2 RBs, 4 RBs or wideband, only CU  value of 2 is simulated for comparison against CU equal to CQI subbband size,  where CU = 2 is equivalent to PMI subband number enlarged twice compared to number of CQI (4PRBs)  subbands. The curves in figure 2.2 a) and b) show that smaller compression unit has a small gain (1%~2%) over per CQI subband method.

Observation 4:

· Smaller compression unit has a small gain (1%~2%) over per CQI subband size  with almost the same overhead.

· The complexity versus the very small gain should be considered while making decision on smaller CU size.
2.3 Oversampling factors
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Figure 2.3 a) Performance Vs overhead for oversampling in medium traffic load
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Figure 2.3 b) Performance Vs overhead for oversampling in high traffic load

In the figure 2.3 a) and b), quantization of 3 bits for amplitude and phase, and a common basis selection method, i.e. layer independent and beam level common selection of coefficients is compared with different oversampling factors.
Observation 5:

· The oversampling factor of 4 obtains a little gain over 1 with a small overhead increase in medium traffic load.
· There is no performance gain of oversampling factor 4  at high resource utilization, as well as at large M value.
2.4 Quantization scheme
Following quantization schemes were agreed in RAN1#95 [3],
For each layer, the following alternatives for quantizing each of the coefficients in [image: image11.png]


 are to be studied for down selection in RAN1#96: 

· Alt1A. Rel.15 3-bit amplitude; Rel.15 QPSK and 8PSK co-phasing 

· Alt1B. Rel.15 3-bit amplitude; Rel.15 QPSK, Rel.15 8PSK, and new 16PSK co-phasing 

· Alt2A. Rel.15 3-bit wideband amplitude for each beam, 2/3-bit differential amplitude for FD coefficients; Rel.15 QPSK and 8PSK co-phasing 

· Alt2B. Rel.15 3-bit wideband amplitude for each beam, 2/3-bit differential amplitude for FD coefficients; Rel.15 QPSK, Rel.15 8PSK, and new 16PSK co-phasing

· Alt2C. Rel.15 3-bit wideband amplitude + Rel.15 QPSK and 8PSK wideband co-phasing for each beam, 2/3-bit differential amplitude and co-phasing for FD coefficients;

· Alt3. A-bit amplitude for each of 2L beams, B-bit amplitude for each of M FD components, 1-bit differential amplitude and 8PSK co-phasing for each of the 2LM FD coefficients

· Alt4. For each beam, 

· B0-bit amplitude and C0-bit phase for coefficients for the P0 strongest coefficients, 

· B1-bit amplitude and C1-bit phase for coefficients for the P1 2nd strongest coefficients, …

· …

· BQ-1-bit amplitude and CQ-1-bit phase for coefficients for the PQ-1 Qth strongest coefficients

· Alternatively, amplitude/phase can be replaced with real/imaginary

· Alt5. Special case of Alt4: Q=2, B0=C0=3; B1=C1=2 on amplitude/phase

The quantization schemes of alternatives 1A and 1B and,  alternative 3A  configured with 3-bit amplitude for each of 2L beams and each of M FD components and 1-bit differential amplitude, while 2-bit amplitude for each of M FD components for alternative 3B evaluated in figure 2.4 a).
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Figure 2.4 a) Performance Vs overhead for oversampling in medium traffic load
Observation 6:

· Alt 1b, 16PSK phase quantization obtains some performance gain, as well as a good trade-off between throughput and overhead by selecting M value carefully.

· 3-bit amplitude for each of 2L beams and 2-bit amplitude each of M FD component method, i.e. alternative 3b has a better performance and overhead balance compared with other schemes at small M values.
· In general, the performance and overhead is close among  all simulated the quantization schemes in this contribution.
3. Conclusions
In this contribution we provide simulation results on different aspects of type II CSI enhancements, from the results in section 2, we have following observations:
Observation 1:

· The combination of layer and beam level independent DFT basis selection scheme achieves the best performance.

· Layer common selection of DFT basis show approximately similar performance compared with the best DFT basis selection scheme, especially layer common and beam level independent selection method.

· With medium traffic load, layer independent and beam level common selection method performs worst.

· With high traffic load, layer and beam level common selection scheme performs worst.

Observation 2:

· Windowing scheme does not show a good performance with overhead tradeoff at beam level common selection basis method.

· For beam level independent selection method, windowing scheme achieves balance between performance and overhead, especially in high traffic load.
Observation 3:
· A subset of K0 = 12 scheme, which only reports K0 coefficients out of 2LM = 32 coefficients, achieves slightly performs better compared to reporting of all coefficients with M = 3, but achieves approximately 30% less overhead. 

· The value of K0 should be configured carefully, as both of overhead and performance degrades when K0 = 8.
Observation 4:

· Smaller compression unit has a small gain (1%~2%) over per CQI subband size  with almost the same overhead.

· The complexity versus the very small gain should be considered while making decision on smaller CU size.
Observation 5:

· The oversampling factor of 4 obtains a little gain over 1 with a small overhead increase in medium traffic load.

· There is no performance gain of oversampling factor 4  at high resource utilization, as well as at large M value.

Observation 6:

· Alt 1b, 16PSK phase quantization obtains some performance gain, as well as a good trade-off between throughput and overhead by selecting M value carefully.

· 3-bit amplitude for each of 2L beams and 2-bit amplitude each of M FD component method, i.e. alternative 3b has a better performance and overhead balance compared with other schemes at small M values.
· In general, the performance and overhead is close among  all simulated the quantization schemes in this contribution.
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Appendix A: SLS assumption
SLS assumptions for CSI enhancement 
	Parameter
	Value

	Duplex, Waveform 
	FDD，OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only)

	Frequency Range
	FR1 only, 4GHz.

	Inter-BS distance
	200m 

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) Type II overhead reduction

	BS Tx power 
	41 dBm

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC

Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz for 15kHz 

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU-MIMO with rank adaptation 

	MIMO layers
	Up to 8 MU layers

	CSI feedback 
	CSI feedback periodicity (full CSI feedback) :  5 ms, 
Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Overhead 
	Up to 8 port DMRS without additional symbols

CSI-RS overhead included

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	50/70 % for CSI overhead reduction

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI feedback overhead;
Ratio between throughput and CSI feedback overhead

	Baseline for performance evaluation
	Rel-15 Type II Codebook


Appendix B: simulation resource utilization and overhead
	Method
	~50% RU
	~70% RU
	Overhead(bits)

	Type 2
	49.8%
	69%
	691

	DFT_M2_O1_lindep_bcom
	50.2%
	70.5%
	221

	DFT_M3_O1_lindep_bcom
	50.5%
	69%
	321

	DFT_M4_O1_lindep_bcom
	50.8%
	70%
	419

	DFT_M2_O4_lindep_bcom
	50%
	70%
	225

	DFT_M3_O4_lindep_bcom
	49.8%
	69.9%
	325

	DFT_M4_O4_lindep_bcom
	49.9%
	70.2%
	423

	DFT_M2_O1_lindep_bcom_cu2
	50%
	69.5%
	225

	DFT_M3_O1_lindep_bcom_cu2
	50%
	69.5%
	327

	DFT_M4_O1_lindep_bcom_cu2
	49.8%
	69.5%
	427

	DFT_M2_O1_lindep_bcom_window
	50.5%
	72.5%
	215

	DFT_M3_O1_lindep_bcom_window
	50.2%
	72%
	311

	DFT_M4_O1_lindep_bcom_window
	50%
	71.8%
	407

	DFT_M2_O1_lindep_bindep
	50%
	70.5%
	319

	DFT_M3_O1_lindep_bindep
	49.9%
	69.5%
	447

	DFT_M4_O1_lindep_bindep
	48.5%
	69.5%
	559

	DFT_M2_O1_lindep_bindep_window
	49.6%
	72%
	271

	DFT_M3_O1_lindep_bindep_window
	49.5%
	70%
	367

	DFT_M4_O1_lindep_bindep_window
	49%
	70.1%
	463

	DFT_M2_O1_lcom_bindep
	50%
	71%
	263

	DFT_M3_O1_lcom_bindep
	49.3%
	70%
	375

	DFT_M4_O1_lcom_bindep
	48.9%
	69.5%
	479

	DFT_M2_O1_lcom_bcom
	50%
	71.5%
	214

	DFT_M3_O1_lcom_bcom
	50%
	71%
	312

	DFT_M4_O1_lcom_bcom
	50%
	71%
	409

	DFT_M4_O1_lindep_bcom_k0_8
	51.4%
	N/A
	195

	DFT_M4_O1_lindep_bcom_k0_12
	50%
	N/A
	243

	DFT_M4_O1_lindep_bcom_k0_16
	49.6%
	N/A
	291

	DFT_M2_O1_lindep_bcom_alt1b
	49.5%
	N/A
	253

	DFT_M3_O1_lindep_bcom_ alt1b
	49.4%
	N/A
	369

	DFT_M4_O1_lindep_bcom_ alt1b
	50%
	N/A
	483

	DFT_M2_O1_lindep_bcom_alt3a
	50.7%
	N/A
	217

	DFT_M3_O1_lindep_bcom_ alt3a
	50%
	N/A
	291

	DFT_M4_O1_lindep_bcom_ alt3a
	50%
	N/A
	363

	DFT_M2_O1_lindep_bcom_alt3b
	50%
	N/A
	213

	DFT_M3_O1_lindep_bcom_ alt3b
	50.5%
	N/A
	285

	DFT_M4_O1_lindep_bcom_ alt3b
	50%
	N/A
	355


*lindep: The DFT basis matrix is selected per layer 
**lcom: The same DFT basis matrix is selected for all layer

***bindep: The DFT basis matrix is selected per beam

****bcom: The same DFT basis matrix is selected for all beam

Appendix C: simulation results of the ratio of UPT to overhead
Basis subset selection:
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Figure 3.1 a) The ratio of UPT to overhead for index selection in medium traffic load
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Figure 3.1 b) The ratio of UPT to overhead for index selection in high traffic load
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Figure 3.1 c) The ratio of UPT to overhead for index selection with window in medium traffic load
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Figure 3.1 d) The ratio of UPT to overhead for index selection with window in high traffic load
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Figure 3.1 d) The ratio of UPT to overhead for index selection with subset reporting in medium traffic load
Compression unit:
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Figure 3.1 e) The ratio of UPT to overhead for compression unit in medium traffic load
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Figure 3.1 f) The ratio of UPT to overhead for compression unit in high traffic load
Oversampling:
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Figure 3.1 g) The ratio of UPT to overhead for oversampling in medium traffic load
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Figure 3.1 h) The ratio of UPT to overhead for oversampling in high traffic load
Quantization:
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Figure 3.1 i) The ratio of UPT to overhead for quantization in medium traffic load[image: image23.png]
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