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1 Introduction

At the RAN1 #86 meeting, it achieved the following agreements [1]
Agreement:

· 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 this contribution, we first discuss two advanced CSI alternatives (orthogonal basis and non-orthogonal basis) and feedback granularity of weighting from implementation and performance perspective. We propose to specify orthogonal basis based channel coefficients feedback for CSI enhancements in Rel-14. Then, reduced space representation of channel coefficients are discussed, which can be carried by enhanced uplink channel.
2 Discussion
In this section, we list the features of orthogonal basis and non-orthogonal basis and give our opinion on coefficient representation.
Orthogonal basis or non-orthogonal basis
Two CSI enhancement schemes were proposed on RAN1#86 meeting, where orthogonal or non-orthogonal basis is used to represent advanced CSI. As the analysis in the companion contribution [2] [3], orthogonal basis is more efficient and more accurate to capture the propagation channel with multiple clusters, comparing to the non-orthogonal basis.
Observation 1: Orthogonal basis is more efficient and more accurate to capture the multiple clusters propagation channel compared with the non-orthogonal basis.

Phase and amplitude or phase-only weighting

As there are multiple clusters in realistic propagation channel, multiple beam vectors should be used to capture the channel profile. Obviously, each cluster has different energy. If the combination weight is phase-only, the transmission power will be assigned equally to each beam vectors. With equal power allocation, it is hard to capture the real propagation channel.  
Observation 2: It is hard to capture the real propagation channel with phase-only weight.
According to above observation, we propose: 

Proposal 1: Specify orthogonal basis with amplitude and phase weight for advanced CSI feedback in Rel14.
3 Reduced Space CSI
One of the agreements from RAN1 #86 meeting is to specify CSI feedback enhancement based on orthogonal or non-orthogonal basis with a reduced space. The channel coefficients can be represented by combining associated basis with particular weighting factors. Channel coefficients stands for eigenvector of channel covariance. Their dimensions are highly related to CSI-RS ports number. When the number of CSI-RS ports is small, i.e. 4 or 8, the resource consumed to carry channel coefficients is comparable with conventional PUSCH 3-2 CSI feedback. With the increasing number of CSI-RS ports, i.e.16 or 32, feedback of channel coefficients will consume more uplink resource. In the following subsections, reduced space CSI schemes are introduced for non-precoded CSI-RS as the means to reduce feedback overhead.
Orthogonal basis design
In the following, we present the reduced space feedback assuming feedback of eigenvectors.

Performing eigenvalue decomposition of H to get the eigenvector V as
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Projecting V on a selected orthogonal basis can concentrate energy on limited number of elements. A proper orthogonal basis should be carefully designed to capture most channel energy. The orthogonal basis is related to channel correlation between antenna ports. LTE R14 supports up to 32 CSI-RS ports with various antenna ports layout. Accordingly, the orthogonal basis can be generated based on different antenna configuration.
For a 2D antenna layout with dual polarization, the basic structure of orthogonal basis can be illustrated as
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where 
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 are the CSI-RS ports number in the 1st and 2nd dimension.

The orthogonal basis can be further refined by introducing rotation matrices in each dimension. For instance the finer orthogonal basis can be expressed as

[image: image9.wmf](

)

(

)

(

)

(

)

(

)

[

]

I

F

D

F

D

F

D

F

D

F

B

Ä

´

ú

ú

û

ù

ê

ê

ë

é

Ä

Ä

=

¢

¢

¢

¢

2

,

,

,

2

2

2

1

1

1

2

2

2

1

1

1

2

1

2

1

0

0

k

N

N

k

N

N

k

N

N

k

N

N

k

k

k

k

               (3)
where 
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 is an diagonal matrix denoted as
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where O is as the oversampling parameter and configured by eNB.

Proposal 2: A set of orthogonal basis are generated based on configurations, which includes
·  Antenna configuration, i.e. N1, N2;

·  Oversampling parameter configuration, i.e. O.
Introduction of 
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in orthogonal basis B can help to capture most energy on a few columns of orthogonal basis with better alignment between orthogonal basis and main channel clusters. Other columns of orthogonal basis with small channel projection power can be discarded with negligible performance impact. However, the matrix of 
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 is hard to be determined by eNB since it is wireless channel specific. Based on the downlink channel estimation, UE should determine the index of optimal orthogonal basis
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, and feedback these indices to eNB by legacy aperiodic CSI reporting mechanism.
Mapping eigenvector V on the optimal orthogonal basis and select several largest mapping values in order to get the combination coefficients W2. When the mapping value is selected, the corresponding columns in 
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 is determined, which can compose W1.
where W2 has the dimension of 
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, and L is transmission rank. C is the number of selected columns in orthogonal basis. Thus, the eigenvector can be represented as:

[image: image20.wmf]2

1

W

W

W

´

=

                                                                   (5)
where W2 can be expressed as
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Feedback scheme
Firstly, the weighting factors in W2 can be feedback in un-quantized or quantized manner. In order to guarantee the accuracy of CSI, the phase information of the reduced space coefficients must be feedback in subband as the co-phasing information is included. For the amplitude information, as the wideband feedback brings great performance loss, subband feedback is also required. However, to reduce the overhead of subband amplitude feedback, we introduce differential amplitude feedback for quantized channel representation, where the amplitude is feedback in both subband and wideband. For subband, an amplitude difference between subband and wideband is reported. In simulation in section 4, 2bit is used in wideband amplitude report and 1bit in subband amplitude report.
On the other hand, the rotation matrix 
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 is relevant to angle direction of channel path, which can be estimated and feedback in wideband. In addition, the indices of selected vectors are related to the direction of channel path, and they should be reported in wideband as well. 
Proposal 3: For channel coefficient feedback with reduce space, advanced CSI feedback contains 

·  Wideband based: 
index of optimal orthogonal basis;

indices of selected columns in the optimal orthogonal basis;
· Subband based:  reduced space coefficients， especially phase information;
· Hybrid based: reduced space coefficients， especially amplitude information.
4 Performance Evaluation
To justify the basis selection and required weighting granularity in advanced CSI, in this section, we compare the performance of different schemes. Firstly, the performance of quantized non-orthogonal basis based advanced CSI, quantized orthogonal basis based advanced CSI are compared. Additionally, the performance of subband feedback, wideband feedback and differential amplitude feedback are compared. Performance of Rel-12 codebook and Rel-13 codebook is used as baseline of 4Tx scenario and 16Tx scenario separately. 
In 16Tx scenario:
To compare the performance of orthogonal and non-orthogonal basis, we simulate the following cases:

· Non-orthogonal basis: 8 non-orthogonal columns are combined by weighting coefficients, where 3 bits quantized coefficients are used in subband. 
· Orthogonal basis: 6 orthogonal columns are selected from our proposed orthogonal basis combined by weighting coefficients, where 3 bits quantized coefficients are used in subband.
For feedback method comparison, all the simulation cases are based on our proposed orthogonal basis. We simulate the following cases:
· Quantized CSI with reduced space wideband: 6 orthogonal columns are combined by weighting coefficients, where amplitude is wideband based quantized in 3 bits, and phase is subband based and quantized in 3bits for each one. 
· Quantized CSI with reduced space subband: 6 orthogonal columns are combined by weighting coefficients, where both amplitude and phase is subband based and quantized in 3 bits for each one. 
· Quantized CSI with reduced space hybrid: 6 orthogonal columns are combined by weighting coefficients, where amplitude is based on our proposed differential amplitude feedback scheme, 2 bits quantization in wideband, 1 bit quantization in subband for each value. Besides, phase is subband based and quantized in 3bits for each one. 
· Un-quantized CSI with reduced space wideband: 6 orthogonal columns are combined by wideband un-quantized coefficients.
· Un-quantized CSI with reduced space subband: 6 orthogonal columns are combined by subband un-quantized coefficients.
· Un-quantized CSI: feedback the eigenvectors directly.
In 4Tx scenario, the simulated cases are same as 16Tx. The only different point is that, for the two comparisons, 4 columns are selected.
Eigen vector reporting without quantization can be treated as up bound of reduced space CSI feedback. 
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Figure 1 Basis comparison in 4Tx scenario
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Figure 2 Basis comparison in 16Tx scenario
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Figure 3 Feedback method comparison in 4Tx scenario
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Figure 4 Feedback method comparison in 16Tx scenario
From the simulation we can see. 

Observation 3: Non-orthogonal basis based advanced CSI feedback provides little gain over legacy codebook. However, orthogonal basis based advanced CSI feedback provides great gain.
Observation 4:  Quantized CSI with reduced space differential amplitude provides more gain than wideband amplitude compared with R13 codebook. 
Observation 5:  Un-quantized CSI with reduced space provides more gain than quantized CSI compared with R13 codebook. 
5 Conclusions
This contribution discusses two advanced CSI alternatives (orthogonal basis and non-orthogonal basis) and feedback granularity of weighting from implementation and performance perspective. The orthogonal basis design is also proposed in order to reduce the feedback overhead. Then, we have the following observations.
Observation 1: Orthogonal basis is more efficient and more accurate to capture the multiple clusters propagation channel compared with the non-orthogonal basis.
Observation 2: It is hard to capture the real propagation channel with phase-only weight.
Observation 3: Non-orthogonal basis based advanced CSI feedback provides little gain over legacy codebook. However, orthogonal basis based advanced CSI feedback provides great gain.
Observation 4:  Quantized CSI with reduced space differential amplitude provides more gain than wideband amplitude compared with R13 codebook. 

Observation 5:  Un-quantized CSI with reduced space provides more gain than quantized CSI compared with R13 codebook. 

Therefore, we propose

Proposal 1: Specify orthogonal basis with amplitude and phase weight for advanced CSI feedback in Rel14.
Proposal 2: A set of orthogonal basis are generated based on configurations, which includes

·  Antenna configuration, i.e. N1, N2;

·  Oversampling parameter configuration, i.e. O.
Proposal 3: For channel coefficient feedback with reduce space, advanced CSI feedback contains 

·  Wideband based: 
index of optimal orthogonal basis;

indices of selected columns in the optimal orthogonal basis;

· Subband based:  reduced space coefficients， especially phase information;
· Hybrid based: reduced space coefficients， especially amplitude information.
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Appendix
Simulation assumption
	Parameter
	Value

	Scenario
	UMa with 500 ISD and 2GHz

	Antenna 
configuration
	4Tx/16Tx(N1=4, N2=2), X-polarized: 45/-45 degrees

	
	2 Rx at UE with 
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l

spacing
X-polarized: 0/+90 degrees

	
	3D antenna pattern defined in TR36.897

	UE 
configurations

	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: 80% indoor and 20% outdoor only distributed on floor

	SRS configuraton
	2Tx at UE with
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l

spacing
X-polarized: 0/+90 degrees

	System 
Bandwidth
	10MHz (50RBs)

	Scheduler
	PF

	Number of UEs per cell
	10

	traffic model
	Burst buffer with 70% RU 

	Transmit Mode
	TM10 with a single CSI process

	
	Max paired UE number: 2

	Receiver
	Non-Ideal channel estimation

	
	Non-Ideal interference modeling

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 

	
	CQI and PMI reporting triggered per 5ms 

	
	Feedback delay is 5ms

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

	Handover margin
	3dB
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