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1. Introduction
At the 3GPPRAN#81 meeting the work item to specify enhancements for NR MIMO [1] was approved. The objectives of the work item includes the following enhancements to CSI for MU-MIMO. 
· 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
In this contribution we discuss on enhancements to CSI for MU-MIMO including overhead reduction for Type II CSI feedback and extension of Type II CSI to rank 3-4. First, evaluation methodology and key performance indicators (KPIs) are discussed, next the details of feedback overhead reduction for Type II CSI and support of higher ranks for Type II CSI are discussed.
2. Discussion
2.1. KPIs and evaluation assumptions 
Average and cell-edge DL UE packet throughput derived from the system level simulations with FTP traffic model are obviously main KPIs to compare different CSI feedback enhancements. Since the CSI feedback enhancements are targeted to MU-MIMO systems, two-dimensional antenna arrays with 8 or more transceiver units (TXRUs) per transmission point should be considered, hence, the most realistic scenarios for the evaluations are urban scenarios such as UMi - street canyon and UMa specified in [2] with sub-6 GHz carrier frequency. Since the objective of the work item assume enhancements on MU-MIMO support, high traffic load should be considered for evaluations to achieve higher average number of active UEs per cell. 
Proposal 1:
· Consider average and cell-edge DL UE packet throughput derived from the system level simulations with FTP traffic model as the KPI to compare different CSI enhancements
· UMi - street canyon and UMa scenarios from TR 38.901 with sub-6 GHz carrier frequency are considered for evaluations
Another aspect which should be taken into account is CSI reporting overhead. Since full Type II CSI reporting is supported only via PUSCH, the number of resource elements and actual payload size of CSI report depends on the actual values of CSI components including RI and number of non-zero wideband amplitude coefficients. Considering the above, the average CSI payload size derived from system level simulations can be considered as the metrics to compare CSI reporting overhead. However, considering that the gNB allocates the physical resources according to the maximum payload size for the corresponding CSI configuration, the maximum CSI payload size should be considered as the key indicator of CSI overhead level.


Proposal 2:
· Consider the maximum CSI payload size as the key indicator of CSI overhead level
· Average CSI payload size derived from the system level simulations can be also considered additionally
In addition to throughput and overhead there is one important thing to be considered for CSI enhancements which is UE computational complexity. The increased UE computational complexity leads to increased CSI calculation time and/or increased UE computational power which also leads to increased area of UE chipset and UE power consumption. Considering the above, RAN1 should strive not to increase UE computational complexity for a newly introduced CSI enhancements. Moreover, it is desirable not to change the legacy Type II PMI search algorithm to avoid additional UE implementation complexity. Slight changes of PMI search algorithm of Rel. 15 Type II CSI are more appropriate comparing to introduction of completely new PMI search algorithm structure.
Proposal 3:
· Strive not to increase UE computational complexity for the newly introduced CSI enhancements comparing to already supported CSI features
· Strive to avoid significant changes of PMI search algorithm comparing to Rel. 15 Type II CSI
2.2. Feedback overhead reduction for Type II CSI
The maximum CSI payload size depends on codebook configuration and the number of subbands configured for CSI reporting. Type II codebook configuration includes port layout (N1, N2), number of beams L,configurable wideband or subband reporting of amplitude coefficients and quantization scheme of phase coefficients. The number of subbands for CSI reporting can be controlled in different way. First, configurable subband size is supported by NR; second, the number of subbands can be controlled by the bitmap which indicates the subbands for CSI reporting; and third, the number of subbands can be adjusted by partial CSI omission supported for PUSCH based CSI reporting. Depending on the codebook configuration and number of subbands for CSI reporting the maximum payload size can variate in a wide range. 
The actual payload size of Type II PMI depends on RI value. For example, the maximum payload size of Type II CSI with (N1, N2) = (4, 2), L = 4, wideband amplitude coefficients, 8-PSK quantization of phase coefficients and 10 subbands is 245 bits for rank 1 and 479 bits for rank 2. As it can be observed from the above example, the number of bits required for reporting of rank 2 PMI is almost two times higher comparing to rank 1 PMI. Such big difference of maximum payload size for rank 1 and rank 2 is determined by the higher number of coefficients required for reporting of rank 2 PMI. 
Observation 1:
· The maximum payload size of Type II CSI report is determined by the number of reported coefficients for rank 2 PMI
The number of coefficients for reporting is determined not only by the rank value but also by the number of beams in linear combination L. In order to decrease difference of payload size between rank 1 and rank 2, separate configuration of number of beams for rank 1 and rank 2 can be considered. Another method to decrease the difference between payload sizes of rank 1 PMI and rank 2 PMI is configuration of maximum number of non-zero wideband amplitude coefficients. For example, in case the maximum number of non-zero wideband amplitude coefficients is 2·L, the payload size of rank 1 PMI and rank 2 PMI is almost the same.
The above methods of Type II CSI overhead reduction gives the flexibility to reduce the maximum CSI payload size up to two times comparing to Rel. 15 Type II CSI design. The separate codebook configuration for rank 1 and rank 2 and configuration of maximum number of non-zero wideband amplitude coefficients do not require significant specification changes and do not require significant changes of PMI search algorithm. Moreover, the above features supports same PMI search algorithm as for Rel. 15 Type II CSI.
Proposal 4:
· Consider the following Type II CSI overhead reduction methods
· Separate configuration of Type II codebook parameters for rank 1 and rank 2
· Configuration of maximum number of non-zero wideband amplitude coefficients
2.3. Support of higher ranks for Type II CSI
Rel. 15 NR Type II codebooks are supported for rank 1 and rank 2 only, however transmission rank is not limited to rank 1-2 for CSI reporting since with the flexible NR CSI framework two CSI reporting settings can be configured to support Type II codebook for rank 1-2 and Type I codebook for rank 3-4. Considering the above, the baseline configuration for evaluations of Type II rank 3-4 codebook should assume Type II codebook for rank 1-2 and Type I codebook for rank 3-4.
Proposal 5:
· The baseline configuration for evaluations of Type II rank 3-4 codebook design should assume Type II codebook for rank 1-2 and Type I codebook for rank 3-4
In order to derive the upper bound of gains for increased CSI accuracy of rank 3-4 codebooks system level evaluations with FTP traffic model were carried out with SVD based ideal precoding and Type I codebook CSI feedback for rank 3-4. Type II codebook was assumed for rank 1-2 in all the cases. The evaluation results are presented below for ~20%, ~40% and ~60% resource utilization. Detailed evaluation assumptions are given in the appendix.
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Figure 1. Average and cell-edge UE packet throughput for Type I codebook and ideal precoding for rank 3-4
From the above evaluation results it can be observed that SVD based ideal precoding for rank 3-4 outperforms Type I CSI feedback for rank 3-4 with ~20% gains in average UE packet throughput for all the simulated traffic load values.
Observation 2:
· SVD based ideal precoding for rank 3-4 outperforms Type I CSI feedback for rank 3-4 with ~20% gains in average UE packet throughput
Since rank 1-2 and rank 3-4 codebooks correspond to the same CSI reporting setting, it is desirable to have consistent PMI search algorithm and codebook structure for ranks 1-4 to avoid higher UE complexity. In order to reduce CSI overhead and maintain consistent codebook structure and PMI search, the same CSI feedback overhead reduction scheme should be applied for rank 1-2 and rank 3-4.


Proposal 6:
· Codebook structure based on linear combination of orthogonal beams should be primarily considered for rank 3-4 Type II CSI
· The same CSI feedback overhead reduction scheme should be applied for rank 1-2 and rank 3-4
3. Conclusion
In this contribution enhancements to CSI for MU-MIMO are discussed including evaluation methodology and KPIs, details of feedback overhead reduction for Type II CSI and the support of higher ranks for Type II CSI. The following proposals and observations were made.
Proposal 1:
· Consider average and cell-edge DL UE packet throughput derived from the system level simulations with FTP traffic model as the KPI to compare different CSI feedback assumptions
· UMi - street canyon and UMa scenarios from TR 38.901 with sub-6 GHz carrier frequency are used for evaluations
Proposal 2:
· Consider the maximum CSI payload size as the indicator of CSI overhead level
· Average CSI payload size derived from the system level simulations can be also considered additionally
Proposal 3:
· Strive not to increase UE computational complexity for the newly introduced CSI enhancements comparing to already supported CSI features
· Strive to avoid significant changes of PMI search algorithm comparing to Rel. 15 Type II CSI
Observation 1:
· The payload size of rank 2 PMI is almost two times higher comparing to rank 1 PMI
· The maximum payload size of Type II CSI report is determined by the number of reported coefficients for rank 2 PMI
Proposal 4:
· Consider the following Type II CSI overhead reduction schemes
· Separate configuration of Type II codebook parameters for rank 1 and rank 2
· Configuration of maximum number of non-zero wideband amplitude coefficients
Proposal 5:
· The baseline configuration for evaluations of Type II rank 3-4 codebooks should assume Type II codebook for rank 1-2 and Type I codebook for rank 3-4
Observation 2:
· SVD based ideal precoding for rank 3-4 outperforms Type I CSI feedback for rank 3-4 with ~20% gains in average UE packet throughput 


Proposal 6:
· Codebook structure based on linear combination of orthogonal beams should be primarily considered for rank 3-4 Type II CSI
· The same CSI feedback overhead reduction scheme should be applied for rank 1-2 and rank 3-4
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Appendix
	Parameter
	Value

	Scenario
	Urban Macro (UMa) from TR 38.901

	Layout
	Hexagonal Grid with 2 tiers

	ISD
	500 m

	Carrier frequency
	4 GHz

	Simulation bandwidth
	10 MHz

	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 antenna spacing

	BS antenna configuration
	[bookmark: _GoBack]16 TXRU, (M, N) = (2, 4), (dv, dh) = (0.8 λ, 0.5 λ)

	Traffic model
	FTP 3 [3] with 10 UEs per cell

	TRP association
	RSRP based
Handover margin = 0 dB

	Channel estimation 
	Ideal 

	Interference estimation
	Ideal

	Transmission mode
	MU-MIMO with 12 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 100 degrees

	UE receiver
	MMSE-IRC

	UE noise figure
	9 dB

	Max number of HARQ transmissions
	4
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