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1 Introduction
In RAN1#87 meeting, the advanced CSI [1] has been agreed as working assumption subject to UE complexity analysis. The general aspect of UE complexity is the expected performance benefit of the feature that has been analysed in this contribution. 
2 Discussion
To evaluate the performance of advanced CSI, system-level performance evaluations were carried out. In the evaluations, the performance of quantized advanced CSI was compared to

· Class A codebook (baseline)

· Advanced CSI with non-quantized W2 (2 beams W1)

· SVD (upper bound)

In the evaluations, wide antenna array with 4 antenna ports in horizontal domain and 2 antenna ports in the vertical domain were used to maximize the multi-user multiplexing gains (see Figure 1). Two Rx antenna at the UE without channel estimation errors on DM-RS and CSI-RS was assumed. To quantify the quality of spatial feedback, genie-aided link adaptation was assumed. The maximum rank at the UE was limited to 2 MIMO layers, while there were no restriction on the maximum number of MIMO layers at TRP. 
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Figure 1: Antenna configuration for MU-MIMO study
The performance of MU-MIMO with different CSI feedback schemes was obtained for non-full buffer traffic model with packet size of 100Kbytes. The packet arrival rate was selected in such way to achieve high and very high resource utilization (above 60%).

From the presented results in Table 1, it can be seen that for MU-MIMO with advanced CSI under relatively ideal conditions only slightly outperforms Class A CSI. There is large gap relative to upper bound performance using CSI with perfect SVD. We note that the performance loss of advanced CSI is due to small number of the beams in W1 and poor quantization of W2. 
Table 1: MU-MIMO performance with different CSI quantization schemes for FTP traffic model
	lambda, 1/s
	Number of CSI scheme
	UE packet throughput, Mbps



	RU, %

	
	
	Average
	5% of CDF
	50% of CDF
	95% of CDF
	

	28
	Class A
	20.23
	5.64
	18.77
	41.94
	63.06

	
	Adv. CSI
	20.81 (2.8%)
	6.28 (11.3%)
	18.56 (-2.2%)
	42.58 (1.5%)
	58.29

	
	Unq Adv. CSI
	21.83 (7.9%)
	6.93 (22.8%)
	19.78 (5.3%)
	42.80 (2.0%)
	55.45

	
	SVD
	23.70 (17.1%)
	8.37 (48.4%)
	21.85 (26.5%)
	43.02 (2.5%)
	51.19

	33
	Class A
	15.89 
	3.61
	13.75
	36.31
	78.57

	
	Adv. CSI
	16.10 (1.3%)
	3.98 (10.2%)
	13.34 (-3%)
	39.76 (9.5%)
	74.01

	
	Unq Adv. CSI
	17.34 (9.1%)
	4.53 (25.4%)
	14.77 (7.4%)
	40.92 (12.7)
	70.44

	
	SVD
	19.84 (24.8%)
	6.00 (66.2%)
	17.40 (26.5%)
	42.37 (16.7%)
	63.66


Figure 2 shows the distribution in the number of MIMO layers at the TRP side for calibration purposes.  
[image: image1.png]%

High (28)

mClassA

mAdv. CSI
= Adv. CSI; Unquan. W2
‘ msvD
2 3 4

5 6 7
Total transmission rank





[image: image2.png]%

High (33)

m(lassA

mAdv. CSI
m Adv. CSI; Unquan. W2
‘ mSsvD
I - I I |-
2 3 4

5 6 7
Total transmission rank





(a) High RU











(b) Very high RU

Figure 2: Probability of using different number of MIMO layers at TRP in FTP traffic model
To fairly compare Class A CSI with Advanced CSI it is worth to consider overhead of PMI feedback. Number of bits required for reporting of wideband long term PMI (i1) and subband PMI (i2) for both considered PMI reporting schemes are represented in Table 2. It can be observed that overhead for i1 feedback is almost the same for considered CSI schemes. As number of overhead bits for i2 feedback scales with number of subbands (#subbands), generally i2 overhead mainly determines total overhead, hence number of bits for PMI reporting with advanced CSI is about 3 times larger comparing to Config 2,3,4 Class A and 6 times larger comparing to Config 1 Class A. It is worth mention that CSI reporting overhead is not considered in the evaluation above.
Table 2: PMI feedback overhead for different CSI schemes
	
	Class A, Config 1
	Class A, Config 2,3,4
	Adv. CSI

	i1
	log2(N1·N2·O1·O2)
	log2(N1·N2·O1·O2) -2, N2 ≠ 1;
log2(N1·O1) -1, N2 = 1
	log2(N1·N2·O1·O2)+5

	i2, Rank 1
	#subbands·2
	#subbands·4
	#subbands·6

	i2, Rank 2
	#subbands·1
	#subbands·4
	#subbands·12


Observations:
· For non-full buffer traffic model for high and very high resource utilization, advanced CSI doesn’t show significant performance improvement over state of the art Class A CSI feedback scheme while adds extra performance complexity to the UE 
Proposal:
· Discuss further on the need of introducing such advanced CSI feature for eFD-MIMO that adds extra complexity to the UE while provides very limited gains in the performance
Summary
In this contribution we studied the performance of advanced CSI to justify the extra UE complexity associated with support of this feature. Based on the SLS performance evaluation for MU-MIMO transmission scheme the following observation was made:
· For non-full buffer traffic model for high and very high resource utilization, advanced CSI doesn’t show significant performance improvement over state of the art Class A CSI feedback scheme while adds extra performance complexity to the UE
It is, therefore, proposed to further discuss in RAN1 on the need of introducing such advanced CSI feature for eFD-MIMO that adds extra complexity to the UE while provides very limited gains in the performance.
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Appendix

	Parameter
	Value

	Scenario
	3D-UMi, ISD = 200 m (homogeneous), 

Geographical distance based wrapping

	eNB antenna configuration
	URA X-pol, slants -45/+45 degree, 

16 TXRUs, 4x8x2 port layout

4x1 subarray per TXRU

0.5-wavelength horizontal spacing

0.8-wavelength vertical spacing

	UE antenna configuration
	2 Rx X-pol, slant 0/90 degrees 

	Traffic model
	FTP model 1, S=0.1 Mbyte packet size

	Cell association
	CRS antenna port 0, mapped to the two vertical TXRUs

Handover margin = 3dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Channel estimation 
	Ideal 

	Interference covariance estimation
	Ideal

	CSI feedback
	Mode 3-2 with 5 ms periodicity

	Transmission mode
	TM9

	Scheduling
	Proportional Fair

	Link adaptation
	Genie aided

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees

	UE receiver
	MMSE-IRC

	Max HARQ transmissions
	4


PAGE  
3/4

