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Introduction
In RAN1#86bis, the following working assumption was made regarding which number of CSI-RS ports that are supported in advanced CSI:
Working Assumption:
· {4,8,12,16,20,24,28,32} CSI-RS ports are supported in advanced CSI
· Aim for a unified structure, with a single common CSI reporting mechanism which is dimensioned or scalable to support all the numbers of ports
· If it turns out that a particular number of ports is not smoothly supportable, then it can be removed from the list

In this contribution, we investigate if a unified advanced CSI codebook structure can be used for 4-32 ports, or, if some number of antenna ports is not smoothly supported and so shouldn’t be supported for advanced CSI.
Performance of Proposed Advanced CSI Codebook Design for Different Number of Antenna Ports
In our companion contribution [2], we present a design for an advanced CSI codebook based on a dual-stage  structure, that is parameterized with respect to the number of antenna ports. On a high level, the codebook proposal can be described as follows.
[bookmark: _GoBack]The wideband W1 matrix consists of:
· Beam selection: Provide an unconstrained selection of  orthogonal (2D) DFT beams in order to ensure that the selected beams correspond to the multi-path components of the channel. Hence, beam selection is not limited to select beams from a subset of beams.
· Beam power allocation: Setting the relative power level of the beams in the precoder so that the relative strength of the different multi-path components of the channel are taken into account.
· Beam space rotation: Rotating the orthogonal DFT basis from where beam selection is done in order to maximize the channel energy captured by the precoder, similar to oversampling.
The subband W2 matrix consists of:
· Beam co-phasing: Co-phasing of the selected beams in .
The question is then if this codebook structure is appropriate for both a small as well as a large number of ports. To answer this, we in Figure 1 present the performance gain of the proposed advanced CSI codebook compared to existing dual stage codebooks (or extensions in the case of >16 ports), as a function of the number of antenna ports (more results are presented in [1], simulation assumptions are according to Appendix). The proposed advanced CSI codebook structure thus gives a performance gain over legacy codebooks for both small and large number of CSI-RS ports, which implies that a unified advanced CSI codebook structure can be used.
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[bookmark: _Ref466036739]Figure 1: Performance of proposed advanced CSI codebook for 4-32 antenna ports.
[bookmark: _Toc466058245]Sufficient performance gain with the proposed advanced CSI codebook using an unconstrained orthogonal basis over existing dual stage codebooks for all of 4, 8, 16 and 32 antenna ports
[bookmark: _Toc466058246]The same codebook structure can be used for 4-32 antenna ports. Separate codebook designs for smaller number of antenna ports are not required, and so, all number of ports are smoothly supportable
Thus, we propose the following:
[bookmark: _Toc466027388][bookmark: _Toc466036257][bookmark: _Toc466037099]Confirm the working assumption on the supported number of CSI-RS ports for advanced CSI
Conclusions
In this contribution, we have investigated advanced CSI codebook performance for 4-32 antenna ports, using a unified codebook structure. The following observations have been made:
Observation 1	Sufficient performance gain with the proposed advanced CSI codebook using an unconstrained orthogonal basis over existing dual stage  codebooks for all of 4, 8, 16 and 32 antenna ports
Observation 2	The same codebook structure can be used for 4-32 antenna ports. Separate codebook designs for smaller number of antenna ports are not required, and so, all number of ports are smoothly supportable

Based on these observations, we have made the following proposals:
Proposal 1	Confirm the working assumption on the supported number of CSI-RS ports for advanced CSI
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	Simulation Parameters 

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD

	Antenna Configurations
	32 TX: 8x4 with 2x1 virt., UMi (130° tilt)
16 TX: 8x4 with 4x1 virt., UMi (108° tilt)
8 TX: 8x4 with 4x2 virt., UMi (108° tilt)
4TX: 4x4 with 4x2 virt., UMi (108° tilt)

	Cell layout
	57 homogeneous cells 

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	PUSCH Mode 3-2

	Advanced CSI codebook (when used)
	Number of beams: 3  or 2 ( for 4TX) 
Beam space rotation hypotheses per dimension: 4
Beam power: Wideband, 8 States
Co-phasing: 8-PSK 

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm (UMi)

	Traffic model
	FTP Model 1, 100 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency
Max 8 MU layers

	DMRS overhead
	2 DMRS ports

	CSI-RS
	Overhead accounted for.  
Channel estimation error modeled.

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB

	Transmission Mode
	TM10, with non-shifted CRS
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