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Introduction
In RAN1#86, the following was agreed regarding advanced CSI reporting:
· Specify CSI feedback enhancement with the following advanced CSI feedback framework:
· Reduced space (eigenvectors)/W1 is constructed based on one of the following alternatives (TBD RAN1#86bis):
· Alt1. Orthogonal basis (e.g. orthogonal DFT matrix)
· Alt2. Non-orthogonal basis (e.g. Rel.13 Class A W1 for rank-1 and/or 2)
· Reduced space representation/W2 is to further combine selected beams
· Granularity of weighting(phase and/or amplitude) can be either wideband only or wideband/subband, and is constructed based on one of the following alternatives (TBD RAN1#86bis):
· Alt1. Phase and amplitude
· Alt2. Phase-only weighting
· How the enhanced framework can be applicable for Class A and/or Class B eMIMO-Types is FFS
· FFS: How to handle the relationship between advanced CSI feedback and legacy CSI feedback framework

In our contribution for RAN1#86bis [1], we presented our view on the need for both amplitude and phase weighting. In this contribution, we further investigate the performance impact of different granularities of beam amplitude weighting.
Amplitude quantization in Advanced CSI codebook
As further elaborated in [2], an advanced CSI rank-2 precoder based on linear combination of beams can be expressed as


where   is a 2D DFT beam with index  and  and  are gain and phase combining coefficients for beam  on polarization , for layer . 
In this contribution, we have investigated the following alternatives for quantizing the gain combining coefficients :
· Wideband: A single power coefficient is used for both layers and polarizations for a beam and is selected on a wideband level
· i.e. 
· Subband:  A single power coefficient is used for both layers and polarizations for a beam and is selected on a subband level
· i.e. 
· Subband per polarization and layer: The beam power is set individually for each polarization, layer and subband
· i.e.  in the general case
· Subband differential:  Same as Subband, but the beam power coefficients are differentially encoded with respect to a wideband beam power coefficient
· Wideband per layer:  A wideband power level is selected separately for each layer (but is the same for both polarizations)
· i.e.   and 

The associated feedback payload for beam amplitude quantization, assuming combining of  beams and  bits to quantize each coefficient is presented in Table 1 below.
[bookmark: _Ref465857472]Table 1: Feedback payload for amplitude quantization
	Amplitude Quantization scheme
	Amplitude Feedback Payload [bits]

	
	General expression
	Assuming  and  and  and 

	Wideband
	
	6 bits

	Subband
	
	54 bits

	Subband per polarization and layer
	
	216 bits

	Subband differential
	

	24 bits

	Wideband per layer
	
	12 bits



For the Wideband amplitude quantization scheme, only  amplitude coefficients have to be quantized as one can assert that the strongest beam is the one with index  and set . In the subband cases this is not necessarily so, as the strongest beam can vary over the subbands (assuming a wideband beam selection). However, to keep overhead down, we assume quantization relative to the strongest wideband beam in the subband cases as well for 8-32 antenna ports. For 4TX however, this constraint was found to be too restrictive and the power levels for both beams are quantized.
Evaluation results
We have evaluated the different amplitude quantization schemes for advanced CSI codebook presented in the previous section, using a codebook based on unrestricted orthogonal beam selection of  beams in W1 (except for the 4TX case which uses 2 beams) and 8-PSK beam phase combining in W2, according to our proposed codebook presented in [2]. The schemes are evaluated for 32, 16, 8 and 4 antenna ports using an 8x4 antenna array (except for 4TX which uses a 4x4 array) in the 3GPP 3D UMi scenario using the FTP-1 traffic model. MU-MIMO based on SLNR is used for all simulated systems, and other parameters are according to the Appendix.
The results are presented in Figures 1-4 below. For all number of ports, the Wideband, Subband, Subband differential and Wideband per layer amplitude quantization schemes perform approximately equal. As the feedback payload is only 6 bits for the Wideband amplitude quantization scheme while it is 54 bits for the Subband amplitude quantization scheme, it is thus obvious that the former scheme should be preferred.  To get an additional increase in performance over the Wideband scheme, one must go as far as to quantize the amplitude for each layer, polarization and subband independently, resulting in an “explicit feedback”-like quantization of the reduced space eigenvectors. By doing so, a significant performance gain can be achieved, going from 32% to 54% cell edge gain over Rel-13 in the 32TX case. However, the increase in feedback payload is 210 bits, which is a quite massive increase from the 6 bits feedback payload. Allowing for such a large payload for amplitude quantization must be well motivated, especially since the marginal utility of increasing the payload from 6 bits is around zero until one reaches a sufficiently large payload so that the amplitude can be set per subband, layer and polarization. 
[bookmark: _Toc466041551]No performance difference between wideband and subband beam amplitude quantization when the same power coefficients are used across layers and polarizations
[bookmark: _Toc466041552]Independent beam amplitude quantization for subband, layer and polarization gives a significant gain over wideband beam amplitude quantization, but with substantially larger overhead

Based on these observations we propose the following:
[bookmark: _Toc465870284][bookmark: _Toc466041553]For advanced CSI codebook, beam amplitude coefficients are selected on a wideband basis and is the same for both polarizations and all layers of a beam
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Figure 1: 32TX advanced CSI codebook performance with different amplitude quantization granularity
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Figure 2: 16TX advanced CSI codebook performance with different amplitude quantization granularity
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Figure 3: 8TX advanced CSI codebook performance with different amplitude quantization granularity
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Figure 4: 4TX advanced CSI codebook performance with different amplitude quantization granularity
 

Conclusions
In this contribution, the required granularity of beam amplitude quantization for advanced CSI codebooks have been investigated. The following observations have been made:
Observation 1	No performance difference between wideband and subband beam amplitude quantization when the same power coefficients are used across layers and polarizations
Observation 2	Independent beam amplitude quantization for subband, layer and polarization gives a significant gain over wideband beam amplitude quantization, but with substantially larger overhead

Based on these observations, we have made the following proposals:
Proposal 1	For advanced CSI codebook, beam amplitude coefficients are selected on a wideband basis and is the same for both polarizations and all layers of a beam
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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: As indicated
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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