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1. Introduction
In RAN1 #88bis meeting, agreements on CSI feedback Type II were captured in Chairman’s note as follows:
Agreements:
· For Type I and II Cat1 (if Cat1 is supported) single panel codebooks ( structure):
· The exact design of  is to be decided in RAN1#89 for both Type I and Type II Cat1 (if Cat1 supported)
· For W1 codebook, companies are encouraged to perform more evaluations comparing the different alternatives
· For Type I: Study further the values of L among L=1 and L= 4, at least for rank 1

Agreements:
· For Type II CSI feedback (Cat 1, if supported), at least rank 1 and rank 2 are supported
· FFS other ranks
· For beam selection:
· Support at least unconstrained beam selection from orthogonal basis
Agreements:
· FFS to support a common design of W2 for Cat. 1, Cat. 2 and Cat. 3 
· FFS for Cat. 3, W2 only feedback is allowed
· FFS amplitude feedback for W2 (e.g., wideband, subband, etc.)
· Note: this does not mean NR supports all three categories
· FFS whether or not to merge Category 1 and Category 3 using a unified codebook formulation
Agreements:
· Study mechanisms targeting efficient use of peak and/or average CSI overhead for CSI feedback Type II.
· For Category I, e.g.
· Mechanism 1: Frequency selective precoding feedback with delay-related parameter(s) (e.g. R1-1704884, R1-1705927)
· Mechanism 2: Differential CSI reporting in time domain h(e.g. R1-1705349, R1-1705588)
· Mechanism 3: Uneven quantization bit allocation for the beam amplitudes or/and phases (e.g. R1-1705076)
· Mechanism 4: Matrix quantization considering inter-layer orthogonality for W2(e.g., R1-1704408)
· Note: performance should be also considered for overhead reduction 
· Other examples are not precluded. 
In this contribution, we discuss CSI feedback Type II for NR MIMO and provide our simulation results on Type II CSI feedback.

Discussion on CSI feedback Type II for NR
In NR MIMO, the availability of accurate CSI to guarantee enhanced MU performance becomes a main driver for discussion of Type II feedback. Compared to Type I feedback, main merit of Type II feedback is the point that inter-user interference can be reflected in case of MU-MIMO. In LTE, a set of implicit CSI is basically determined based on one interference hypothesis, and thus UE calculates CSI with no MU interference hypothesis, i.e., SU-MIMO assumption. When TRP wants to conduct MU-MIMO, a transformation of CSI from the CSI computed by SU-MIMO assumption to MU-MIMO case is needed. It may lead to inaccuracy of CSI, especially when the number of paired UEs increases. On the other hand, TRP can estimate channel quality according to different MU interference hypothesis by utilizing pure MIMO channel information in case of Type II CSI feedback.  
In RAN1 adhoc meeting in January, it was listed up three categories for Type II CSI feedback. Category 1 is precoder feedback based on linear combination codebook. In Rel-14 eFD-MIMO, it has been verified the potential benefit of Type II CSI feedback in the context of MU-MIMO enhancement. Especially, the linear combining (LC) codebook with the orthogonal basis in W1 is considered to provide high resolution channel information. In RAN1#88bis, it was agreed to support at least rank 2 for Cat 1 of Type II CSI feedback. The remaining details for this category are 1) W1 structure, 2) number of L beams in W1, 3) combining coefficients (power and phase).

Regarding 1), among the candidates for W1 structure, we prefer to have the same W1 structures of Type I CSI feedback for the unified frame work of codebook design as 
Regarding 2), larger number of L can provides more degrees of freedom for beam combining at the expense of increased feedback bits for both W1 and W2. Note that it is more critical for W2, since the number of combining coefficient phase and/or power is linearly increasing. Figure 1 exhibits the performance comparison of LC codebook with various values of L for 3D-UMi. In the simulation, we assume (N1,N2 )=(2,4) and medium traffic load. As shown in the plot, increasing L provides better performance and L=6 shows almost identical performance with SVD precoding when ideal SB feedback for both amplitude and phase are applied. In the case of non-ideal feedback, there is no performance difference between L=4 and L=6 where we assume WB 3-bit amplitude, SB 3-bit phase quantization. Thus, in our view, L should not be larger than 4. 
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Figure 1. Performance comparison with various value of L

Regrading 3), we evaluate the performance of LC codebook with various values of quantization bits for both amplitude and phase in Figure 2. As shown in the plot, 3-bit SB wise quantization provides the best performance at the expense of the increased feedback bits. Also, 3-bit WB amplitude quantization exhibits the comparable performance compared to the SB 2-bit amplitude quantization. Thus, in our view, WB amplitude quantization is preferable considering the trade-off between performance and feedback overhead. 
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Figure 2. Performance comparison with various value of quantization bits for amplitude and phase

Proposal 1. If Category 1 is supported, following design constraints need to be considered.
· 

· L should not be larger than 4.
· Wideband power combining and subband phase combining. 
In the Category 2, covariance matrix feedback is considered for Type II CSI feedback. In this category, dimension reduction methods for lowering the payload size of channel covariance feedback are required especially for the larger number of antenna ports. However, such dimension reduction technique inevitably brings the notable performance loss, and this trade-off between performance and payload size becomes severe when the number of Tx antenna ports become large. For this reason, limiting the number of port supported by Category 2 based Type II feedback can be considered. 
Proposal 2. If Category 2 is supported, consider limiting supported maximum number of CSI-RS antenna ports in a single instance reporting.
In eFD-MIMO, hybrid CSI feedback is an important feature, since it provides performance benefit by efficiently reducing the system overhead. In this context, Category 3 can also be a good candidate for CSI feedback Type II. In Category 3, more accurate CSI can be acquired based on either Category 1 or 2 in long-term manner, and short-term port-selection or full-CSI feedback can be carried out similar to LTE Class B. To support Category 3, we need to first decide which category (category 1 or 2) for Type II CSI feedback is supported in NR. Thus, RAN1 should carefully decide Type II CSI feedback between Category 1 and 2 by comparing the performance benefits as well as feedback overhead. 

Codebook design for category I of CSI feedback type II
In this section, we present a new codebook design for category I in order to reduce the payload size of SB reporting. The key idea of codebook design is to apply linear combining of L beams which can have different level of cyclic phase shift in frequency domain, and thus SB phase combining in the legacy LC codebook can be skipped. Then, the dual stage codebook can be constructed as 








where  is comprised with orthogonal basis,is a 2D-DFT beam,  is the relative power coefficient for i-th beam, k represents the frequency domain index (e.g., subcarrier index), is the phase offset for i-th beam, and  controls the degree of the phase shift with respect to k. Here,  is defined as 








where the quantity  is the smallest number from the set  such that , is the number of the subcarriers in the configured bandwidth, and is an integer value, e.g., . 
In W2, co-phase per polarization can be performed as 


 for rank 1,  for rank 2.


where  is the all one vector with length L and is QPSK co-phase. 
Due to cyclic phase shift which is a function of k, it is possible to have frequency selective precoding feedback within SB reporting, and this codebook can allow much larger SB size. 

Proposal 3. Consider frequency selective precoding feedback for Category I of CSI feedback Type II in order to reduce the overall feedback overhead.

Conclusion
This contribution discussed CSI feedback for NR MIMO. Following observations and proposals are given, based on the discussion:
Proposal 1. If Category 1 is supported, following design constraints need to be considered.
· 

· L should not be larger than 4.
· Wideband power combining and subband phase combining. 
Proposal 2. If Category 2 is supported, consider limiting supported maximum number of CSI-RS antenna ports in a single instance reporting.
Proposal 3. Consider frequency selective precoding feedback for Category I of CSI feedback Type II in order to reduce the overall feedback overhead.
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Annex A: Simulation Parameters and Assumptions
Table A-1. Simulation assumptions 
	Scenarios 
	3D-UMi with ISD = 200m in 4GHz

	BS antenna configurations 
	Antenna elements config: (+/-45), 0.5λ horizontal / 0.8 λ vertical antenna spacing

	MS antenna configurations 
	2 Rx X-pol (0/+90) 

	System bandwidth 
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Duplex
	FDD

	Network synchronization
	Synchronized

	UE distribution 
	Follows TR36.873

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from TR36.873 

	UE array orientation 
	ΩUT,α uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU, medium ~50% RU) 

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	CSI-RS, CRS 
	CSI-RS one-to-one mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first TXRU

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback
	CQI, PMI and RI reporting triggered per 5ms

	
	Feedback delay is 5 ms 

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB 

	Transmission scheme
	TM10, single CSI process, SU -MIMO with rank adaptation (no CoMP) 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Average UE throughput, 5% UE throughput.
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