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1. Introduction
At the 3GPPRAN#81 meeting work item to specify enhancements for NR MIMO was approved. Objectives of the work item include the following enhancements to CSI for MU-MIMO [1]. 
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank > 2
The following agreement was made at RAN1#94b meeting [2] w.r.t. Type II CSI feedback extension to rank > 2.
	Agreement
The study and, if needed, work on Type II higher rank extension is performed as follows:
· Only for rank 3 and 4 by taking into account the outcome of Type II overhead reduction for rank 1-2
· Simple extension of Rel.15 Type II without any additional optimization (which results in ~3-4x overhead over rank-1) is ruled out


Simple extension of Rel. 15 Type II CSI to higher ranks without any additional optimization is ruled out due to extremely high CSI feedback overhead. In [3] it is showed that feedback overhead can be controlled by limiting maximum number of reported beam combining coefficients. In this contribution we provide performance evaluation results for extension of Rel. 15 Type II CSI feedback to higher ranks with different number of reported beam combining coefficients.
2. Discussion
Design of Rel. 15 Type II CSI feedback assumes that beam combining coefficients with zero wideband amplitude are not reported by the UE, thus, dynamic overhead reduction is achieved. Maximum CSI reporting overhead is determined by the maximum number of reported beam combining coefficients (M) which is calculated from value of rank (R) and number of beams in linear combination (L) according to equation M = R∙(2L - 1). As it can be seen from the above equation, maximum number of reported coefficients linearly scales with rank value, hence, straightforward extension of Type II CSI feedback to rank 3 and 4 leads to almost linear increase of overhead. 



Reporting overhead can be controlled by limiting number of reported coefficients M. Not reported beam combining coefficients are treated as coefficients with zero wideband amplitude, i.e. subset of reported coefficients is indicated by reporting of non-zero wideband amplitude, hence, existing UCI structure and PMI search algorithm can be reused. This method of overhead reduction can be illustrated by the following example (Figure 1). Suppose that UE is configured with reporting of rank 4 (R = 4) Type II PMI with L = 4. Wideband amplitude coefficients reported by the UE are , where i = 1,2,…,2L is index of DFT beam and polarization, l = 1,2,…,R is index of spatial layer. In that example UE is also configured with the maximum number of reported coefficients , where G = 1/2. Thus, wideband amplitude of at least coefficients should be set to zero, so subband phase of those coefficients is not reported and thus overhead reduction is achieved. Maximum number of bits required for rank 4 PMI reporting with such configuration is close to number of bits required for rank 2 PMI reporting. 


Figure 1. Example of Type II CSI reporting with limited number of non-zero coefficients
In order to verify the performance of Type II CSI feedback with limited number of reported coefficients, system level evaluations were carried out for Dense Urban scenario with 16 antenna ports at the base station. The detailed evaluation assumptions can be found in the Appendix. Rel. 15 Type II CSI with four DFT beams (L = 4) is assumed for rank 1 and 2. Different CSI configurations are assumed for rank 3 and 4, including extension of Rel. 15 Type II CSI with different number of DFT beams (L) and different number of reported beam combining coefficients (M). 8-PSK phase quantization and wideband amplitude reporting is assumed for Type II CSI.
Table 1. System level performance of Type II CSI extension to rank 3 and 4 with different L and M with low traffic load (~20% resource utilization)
	Rank 3-4 CSI
	Rank 3-4 overhead
	Packet throughput (Mb/s)

	
	
	Average 
	5% CDF
	95 % CDF

	Type I
	21
	67.6 (0%)
	25.8 (0%)
	123.8 (0%)

	Type II, L = 2, M = 6
	293
	70.4 (4%)
	27.4 (6%)
	125.0 (1%)

	Type II, L = 2, M = 12
	527
	70.6 (5%)
	26.7 (3%)
	129.0 (4%)

	Type II, L = 3, M = 6
	324
	71.8 (6%)
	27.2 (5%)
	133.3 (8%)

	Type II, L = 3, M = 10
	480
	73.0 (8%)
	27.8 (8%)
	137.9 (11%)

	Type II, L = 3, M = 20
	870
	72.7 (8%)
	27.6 (7%)
	137.9 (11%)

	Type II, L = 4, M = 6
	356
	72.3 (7%)
	27.2 (5%)
	137.9 (11%)

	Type II, L = 4, M = 10
	512
	73.7 (9%)
	27.6 (7%)
	142.9 (15%)

	Type II, L = 4, M = 28
	1214
	73.7 (9%)
	27.6 (7%)
	142.9 (15%)





Table 2. System level performance of Type II CSI extension to rank 3 and 4 with different L and M with high traffic load (~50% resource utilization)
	Rank 3-4 CSI
	Rank 3-4 overhead
	Packet throughput (Mb/s)

	
	
	Average 
	5% CDF
	95 % CDF

	Type I
	21
	46.6 (0%)
	14.8 (0%)
	87.0 (0%)

	Type II, L = 2, M = 6
	293
	48.1 (3%)
	14.3 (-3%)
	97.6 (12%)

	Type II, L = 2, M = 12
	527
	47.6 (2%)
	14.3 (-3%)
	95.2 (10%)

	Type II, L = 3, M = 6
	324
	48.8 (5%)
	14.5 (-2%)
	100.0 (15%)

	Type II, L = 3, M = 10
	480
	49.0 (5%)
	14.3 (-3%)
	100.0 (15%)

	Type II, L = 3, M = 20
	870
	48.3 (4%)
	14.4 (-3%)
	100.0 (15%)

	Type II, L = 4, M = 6
	356
	48.4 (4%)
	14.5 (-2%)
	98.7 (14%)

	Type II, L = 4, M = 10
	512
	49.5 (6%)
	14.4 (-3%)
	100.0 (15%)

	Type II, L = 4, M = 28
	1214
	49.3 (6%)
	14.4 (-3%)
	102.6 (18%)


[bookmark: _GoBack]As it can be observed from the above evaluation results, reporting overhead of Type II CSI feedback extension to rank 3 and 4 can be dramatically reduced by limiting number of reported coefficients without degradation of system performance. For example, performance of Type II CSI extension to rank 3 and 4 with M = 28 and M = 10 is equivalent, while reporting overhead of Type II CSI with M = 10 is more than two times lower comparing to the case with M = 28. 
Observation
· Reporting overhead of Type II CSI feedback extension to rank 3 and 4 can be dramatically reduced without degradation of performance by limiting number of reported coefficients 
Proposal
· Consider extension of Rel. 15 Type II CSI to higher ranks with limited number of reported coefficients as starting point for further study
3. Conclusion
In this contribution the support of higher ranks for Type II CSI is discussed. The following observation and proposal were made.
Observation
· Reporting overhead of Type II CSI feedback extension to rank 3 and 4 can be dramatically reduced without degradation of performance by limiting number of reported coefficients 
Proposal
· Consider the extension of Rel. 15 Type II CSI to higher ranks with limited number of reported coefficients as starting point for further study
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Appendix
Table 1. Evaluation assumptions
	Parameter
	Value

	Scenario
	Dense Urban (Macro only)

	Layout
	Hexagonal Grid with 2 tiers

	ISD
	200 m

	Carrier frequency
	4 GHz

	Simulation bandwidth
	10 MHz with 15 kHz subcarrier spacing, 52 PRBs

	Tx power
	41 dBm

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

	UE antenna configuration
	4 Rx X-pol, slant 0/90 degrees, 0.5 λ spacing

	BS antenna configuration
	16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ

	Traffic model
	FTP 1 with 0.5 Mbytes packet size

	TRP association
	RSRP based, Handover margin = 0 dB

	Transmission mode
	MU-MIMO with 8 BS layers maximum; 
Rank adaptation with max rank 4 

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	MU-MIMO precoding
	MMSE

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

	UE receiver
	MMSE-IRC

	UE noise figure
	9 dB

	Max number of HARQ transmissions
	4
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