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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
· Companies are encouraged to provide results comparing the above alternatives, considering a mix of smaller and larger numbers of ports within the following antenna port configurations
· {4,8,12,16,20,24,28,32} ports
· Focus on rank<=2 scenario MU-MIMO for evaluation
· Feedback overhead needs to be taken into account
· For {4,8,12,16, 20,24,28,32}-port scenario, companies are encouraged to compare their proposals to dual-stage codebook enhancement with increased number of beams in W1 
In our companion contribution [1], we present our view on advanced CSI codebook design, focusing on W1 construction. In this contribution, the highlighted paragraph in the agreement above is addressed. Namely, if beam weighting should include amplitude scaling or be phase-only. Furthermore, the frequency-granularity of beam weighting is discussed.
The need for beam power scaling
In RAN1#86, two alternatives for weighting/combining of the beam basis vectors in W1 were identified: combining with phase and amplitude or combining with phase-only. Our view is that the power level of the beams, i.e. the amplitude, must be included in the CSI feedback in order to have any performance benefit with advanced CSI. This is quite natural since the beam basis vectors in W1 corresponds to different multi-path components in the channel, and in most propagation conditions the different multi-path components does not have equal amplitude.
[bookmark: _GoBack]To illustrate the need for beam power scaling we present evaluation results comparing an advanced CSI multi-beam codebook (as presented in more detail in [1]) with different levels of amplitude quantization to a multi-beam codebook using phase-only beam weighting. A multi-beam codebook with  beams is used, with 4 rotation hypotheses per dimension. The phase weighting is done per RB and no quantization of phases is performed so that an upper bound to the performance of a phase-only codebook is achieved. When amplitude weighting is used, the beam powers are uniformly quantized in the dB domain, in the range of  dB, but where the minimum value is forced to be identically zero (in linear scale). The beam amplitude weighting is done with a wideband granularity. In Table 1, evaluation results comparing  bits allocated for indicating the relative power level of each beam is shown, where 0 bits allocation thus correspond to phase-only beam weighting. As can be seen, there is a significant gain of linearly combining the orthogonal beams using not only phase, but also controlling the amplitude.  However, most of the gain is obtained already with 2 bits per beam. In Table 2,  we present additional simulation results for the   case. Using a phase-only codebook in this case results in large losses, since the TX power will be divided equally between the 10 beams and the channel energy in the majority of the beams will be very weak in most cases, unless the angular spread of the channel is very large.  In this case, using 2-3 bits for power allocation seems enough for maximum performance.

[bookmark: _Ref450053093]Table 1: Multi-beam codebook with 3 beams and different beam power level quantization
	Scheme
	50% RU
	70% RU

	
	CE UTP gain [%]
	Mean UTP gain [%]
	CE UTP gain [%]
	Mean UTP gain [%]

	DFT Codebook SU-MIMO
	0
	0
	0
	0

	DFT Codebook MU-MIMO
	28
	9
	67
	26

	Multi-beam CB Phase only
	32
	10
	78
	26

	Multi-beam CB 1 bit beam power quantization
	73
	25
	159
	51

	Multi-beam CB 2 bit beam power quantization
	89
	27
	182
	57

	Multi-beam CB 3 bit beam power quantization
	83
	28
	182
	58

	Multi-beam CB 4 bit beam power quantization
	83
	28
	179
	56

	Multi-beam CB 10 bit beam power quantization
	93
	29
	186
	58



[bookmark: _Ref458440322]Table 2: Multi-beam codebook with 10 beams and different beam power level quantization
	Scheme
	50% RU
	70% RU

	
	CE UTP gain [%]
	Mean UTP gain [%]
	CE UTP gain [%]
	Mean UTP gain [%]

	DFT Codebook SU-MIMO
	0
	0
	0
	0

	DFT Codebook MU-MIMO
	28
	9
	67
	26

	Multi-beam CB Phase only
	-32
	-16
	-47
	-31

	Multi-beam CB 1 bit beam power quantization
	79
	29
	158
	58

	Multi-beam CB 2 bit beam power quantization
	93
	33
	207
	68

	Multi-beam CB 3 bit beam power quantization
	108
	36
	200
	68

	Multi-beam CB 4 bit beam power quantization
	97
	34
	201
	67

	Multi-beam CB 6 bit beam power quantization
	97
	35
	206
	71

	Multi-beam CB 10 bit beam power quantization
	105
	35
	182
	67



Based on these results, we make the following observations:
[bookmark: _Toc463010100]Relative power level between beams must be included in the advanced CSI codebook; a phase-only beam weighting codebook gives no gains compared to Rel. 13 DFT codebook.
[bookmark: _Toc463010101]Quantizing the relative beam power levels with 2-3 bits is enough.
Based on these observations we make the following proposals:
[bookmark: _Toc462847101][bookmark: _Toc462847525][bookmark: _Toc463006340][bookmark: _Toc463010103]Beam weighting with both phase and amplitude is used in the codebook for advanced CSI reporting
[bookmark: _Toc462847102][bookmark: _Toc462847526][bookmark: _Toc463006341][bookmark: _Toc463010104]At least 2 bits is used to indicate a relative power level of each beam

Frequency-granularity of beam weighting
As mentioned in the introduction of this contribution, RAN1 agreed that the granularity of beam weighting can be either wideband only or wideband/subband. In our understanding, this precludes the use of subband only beam weighting, which seems reasonable from a feedback overhead perspective. At least some part of the beam weighting should thus be wideband. However, the beam weighting cannot entirely be done on a wideband level, due to the frequency-selectivity of the propagation channel. To illustrate this, we present upper-bound results with explicit CSI feedback with different levels of frequency averaging in Table 3, comparing MU-MIMO using explicit channel and interference feedback with different frequency granularity to SU- and MU-MIMO using a Rel. 13 DFT codebook extended to 32 ports. The antenna layout is an 8x4 antenna array using a 2x1 virtualization and FTP Model 1 with 500kB packet size is used in the 3D-UMi scenario. The explicit channel feedback is unquantized and calculated based on noisy CSI-RS channel estimates and is averaged over {50, 12, 6, 1} PRBs. For MU-MIMO, a SLNR-based precoding scheme with dynamic SU/MU-switching is used.

[bookmark: _Ref449967902]Table 3: Evaluation result comparing explicit CSI with different frequency granularity.
	Scheme
	50% RU
	70% RU

	
	CE UTP gain [%]
	Mean UTP gain [%]
	CE UTP gain [%]
	Mean UTP gain [%]

	Rel. 13 DFT Codebook SU-MIMO
	0
	0
	0
	0

	Rel. 13 DFT Codebook MU-MIMO
	28
	9
	67
	26

	Explicit FB MU-MIMO Wideband granularity
	29
	11
	84
	29

	Explicit FB MU-MIMO 12 PRB granularity
	84
	35
	184
	70

	Explicit FB MU-MIMO 6 PRB granularity
	114
	47
	242
	87

	Explicit FB MU-MIMO 1 PRB granularity
	154
	57
	292
	102



As seen, even with feedback of the explicit channel matrix, which may be seen as an upper bound to the achievable performance of a Rel. 14 advanced CSI codebook, using wideband granularity of the CSI results in poor performance.
[bookmark: _Toc463010102]Using CSI with wideband granularity gives no performance benefit over Rel. 13, even with full channel matrix feedback.
Thus, wideband only beam weighting cannot be used and at least some part of the weighting must be done on a subband level.  As identified already in the designs of the Rel. 10 8TX, the Rel. 12 4TX and the Rel. 13 codebooks, the co-phasing between polarizations of the same beam is generally frequency-selective, and so the optimal co-phasing changes over the frequency band, which triggered the introduction of the dual-stage W1W2 codebook structure. The same is also true for the optimal co-phasing between different beams. Typically, different multi-path components in a channel will have different average delay as well as different delay spread. A delay in time-domain corresponds to a linear change over frequency, even if there is no delay spread. So co-phasing beam components with different average delay must necessarily be done in a frequency-selective fashion. However, the power level of the beams are of a more slow fading nature and is not expected to change substantially over frequency. If a beam illuminates several multi-path components, the optimal amplitude may of course change due to constructive or destructive interference, but such fast fading effects is not expected to be dominant. Based on this discussion, we make the following proposal:
[bookmark: _Toc462847527][bookmark: _Toc463006342][bookmark: _Toc463010105]Beam amplitude weighting uses a wideband granularity and is part of the W1 report while beam phase weighting uses a subband granularity and is part of the W2 report 


Conclusions
In this contribution, we have discussed the beam weighting mechanism for advanced CSI reporting. The following observations have been made:
Observation 1	Relative power level between beams must be included in the advanced CSI codebook; a phase-only beam weighting codebook gives no gains compared to Rel. 13 DFT codebook.
Observation 2	Quantizing the relative beam power levels with 2-3 bits is enough.
Observation 3	Using CSI with wideband granularity gives no performance benefit over Rel. 13, even with full channel matrix feedback.

Based on these observations, we have made the following proposals:
Proposal 1	Beam weighting with both phase and amplitude is used in the codebook for advanced CSI reporting
Proposal 2	At least 2 bits is used to indicate a relative power level of each beam
Proposal 3	Beam amplitude weighting uses a wideband granularity and is part of the W1 report while beam phase weighting uses a subband granularity and is part of the W2 report
[bookmark: _In-sequence_SDU_delivery]
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[bookmark: _Toc462402224]Simulation parameters
	Simulation Parameters 

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD

	Antenna Configurations
	8x4 with 2x1 virt., UMi (130° 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 10
Beam space rotation hypotheses per dimension: 4
Beam power: As indicated 
Co-phasing: Unquantized per RB

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm (UMi)

	Traffic model
	FTP Model 1, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency
Max 18 MU layers

	DMRS overhead
	2 DMRS ports

	CSI-RS
	Overhead not 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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