

April 12-16, 2010
Source:
Motorola
Title:
Two Component Feedback Framework for 8 TX 
Agenda Item:
6.3.4.2
Document for:
Discussion 

1. Introduction

The following was agreed in RAN1#60 with respect to feedback framework for Release 10:

· Implicit feedback (PMI/RI/CQI) is used also for Rel-10

· UE spatial feedback for a subband represents a precoder (as constructed below)

· CQI computed based on the assumption that eNodeB uses a specific precoder (or precoders), as given by the feedback, on each subband within the CQI reference resource

· Note that a subband can correspond to the whole system bandwidth

· A precoder for a subband is composed of two matrices 

· The precoder structure is applied to all Tx antenna array configurations

· Each of the two matrices belong to a separate codebook

· The codebooks are for further study

· The codebooks are known (or synchronized) at both the eNodeB and UE

· Codebooks may or may not change/vary over time and/or different subbands

· That is, two codebook indices together determine the precoder

· One of the two matrices targets wideband and/or long-term channel properties 

· The other matrix targets frequency-selective and/or short-term channel properties

· Note that a matrix codebook in this context should be interpreted as a finite enumerated set of matrices that for each RB is known to both UE and eNodeB.

· Note that Rel-8 precoder feedback can be deemed as a special case of this structure

Clearly, the objective here is to isolate the long-term and/or slowly varying channel components and feedback these infrequently compared to the short-term components. The goal then should be to achieve significant reduction in feedback compression, while not giving up too much performance.

The examples of two-component feedback and how they apply to different scenarios are discussed in a previous contribution [2]. In this contribution, we look at the framework for 8 TX antennas and share some initial results.
A parallel discussion is ongoing for 8 TX codebook design up to rank 8, as an extension of release-8 type codebook. On the other hand, for improved spectral efficiency with MU in Release-10, it is essential to also design along these lines: 
1) Enhanced feedback improving MU performance over Release-8 type codebooks.
2) Efficient dynamic switching support between SU/MU using similar feedback framework.
3) The feedback should have similar performance when applied to SU mode compared to the release-8 type 8 TX codebook baseline.
4) The enhanced feedback mode may be supported in scenarios that use MU to improve spectral efficiency. Commonly envisioned scenarios use 2 Rx at the UE. We recommend designing feedback that allows dynamic switching between SU rank 1/rank 2, MU rank 1/2 to each UE, as it translates to realizable gains in practical scenarios. 
Rank 3-8 codebook design for SU only, while essential to satisfy peak requirements, is highly unlikely to be beneficial in many practical UE designs in Release-10 time frame. Further, the additional ~10% overhead for DMRS ports for > rank 4 transmission, may further see limited application of these modes.
2. Two component framework for 8 Tx
2.1. Kronecker decomposition of covariance matrix 

For 8 TX cross-pol configuration, the spatial covariance, for example could be approximated as a Kronecker product of two individual covariance matrices corresponding to the ULA part and the cross-pol part [3]. 
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Conceptually, the ULA Kronecker component 
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 captures the correlation sub-matrix between subsets with similar ULA configuration, which in figure below are antenna sets (1-4) and (5-7).  The polarization Kronecker component 
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captures the correlation sub-matrix between subsets with similar cross-polarized configuration, namely antenna subsets (1,5), (2,6), (3,7) and (4,8). More generally, the spacing/location and polarization of antenna elements introduce some redundant structure in the antenna correlation, which lead to good Kronecker approximations and can be used as effective compression schemes for feedback overhead reduction.
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Though such decomposition is more suitable for XPOL configurations, an 8 Tx ULA may also be decomposed into
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where the first matrix captures correlation between subsets (1,2) and (3,4) and another captures correlations between (1,3) and (2,4). Generally speaking, the above relationship may not be exact, but captures the available redundancy mathematically and provides an efficient tool for spatial covariance compression. Specifically, one could find Kronecker components such that a matrix norm is minimized
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where the norm defined above could be the Frobenius norm. The above minimization produces Hermitian component matrices. Clearly, the component matrices themselves can be then further compressed/signaled using direct coefficient feedback or a codebook based quantization scheme. The Kronecker product for an 8 Tx XPOL can also be expressed as
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where 
[image: image8.wmf]d

is a scaling factor approximately represented by pre-processing SNR. The cross-pole component matrices can be written in the form
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2.2. Two-component feedback framework (8-Tx)
Based on the above observations, we can consider feedback capturing the covariance of ULA over the wideband and that of cross-pol over the narrowband. Some variations are explored in the performance results in the next section. 
For the codebook based quantization, we first consider an approach that supports an SU-compatible design. For example co-phasing is defined assuming rank 1 transmission. That is the feed-back for rank 1 is defined to be of the form
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where 
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 is a 4x1 vector based on the wideband ULA component, and 
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 is a subband specific co-phasing vector. Both are chosen to maximize the rank-1 performance on the ULA. In the simulation results, a 6-bit D GOTOBUTTON ZEqnNum514163  \* MERGEFORMAT FT vector is used for ULA component and a 3-bit for the co-phasing component. The 3-bit co-phasing factor corresponds to a rank-1 approximation of both 2-Tx ULA and X-pol components. 
If UE suggests a rank-2 SU transmission, a modification of the rank-1 feedback is to simply use a fixed codebook component for the X-pol part (or use the existing 2x2 release-8 codebook). Here, we use
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where
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As a further modification to b eexplored, for MU, a rank 2 approximation is also used for the ULA component, where both principal Eigen vectors are quantized using a 6-bit DFT-based codebbok. In this case, the normalized approximation of the 4x4 covariance may be computed as
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where
[image: image16.wmf]g

 is the Eigen spread of the two largest eigenvalues.

For MU 2+1 precoding, the SLNR algorithm is performed on the ULA component (based on either rank 1 or rank 2 feedback to approximate the 4x4 covariance matrix “R”) to derive the precoding vectors 
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are the rank-1 precoding vectors for user-1 and user-2 derived from SLNR (or zero-forcing). The precoding vectors for individual users are then derived based on (1.7)

 for rank1 and rank 2 transmissions respectively.(1.6)

 or 
3. Performance Results
In this section, we evaluate the performance of two-component feedback for the following three transmission modes using link simulations
i) SU rank 1

ii) SU rank 2

iii) MU to two UEs with rank 1 to each UE (MU 1+1)
iv) MU with rank 1 to one UE and rank 2 to other UE (MU 1+2)
The simulations are based on a single isolated cell. Simulation parameters and modeling assumptions are provided in the table below. Sum good-put (corresponding to 10% FER and the LTE Release-8 MCS) of the two users based on post-processing receive SNRs is plotted in results below in bps/Hz against user SNR in dB. At least one of the components is feedback on a narrowband basis and frequency selective precoding is used. 
Results for SU are based on each drop of one user in a single cell. No rank adaptation is performed and results for each rank are averaged over all the drops in a simulation.

For MU, mode selection is performed in a semi-static fashion. More specifically, a drop is assigned to a mode based on the average performance over the drop. For example, a drop is associated with an MU 1+1 mode when the average MU performance is higher than individual rank-adapted SU transmissions to the two users. Similarly, a drop is associated to MU 1+2 mode, when the performance with this mode is better than both rank-adapted SU and MU 1+1 mode.

The precoding algorithm is based on modified SLNR approaches described in [4] and zero-forcing approaches for PMI. A long-term C/I is assumed known for regularization of zero-forcing and for normalization of R.
	Parameter
	Value

	Channel Model
	ITU 

	Antenna Configuration
	8-Tx eNB: XPOL, 4 Lambda

2-Rx UE: XPOL



	Duplex method 
	FDD

	Link adaptation
	Ideal CQI (post-MU CQI known at eNB for MCS determination)

	Channel estimation
	Ideal channel estimation 



	Feedback Impairments
	Wideband/Narrowband Feedback

Total Delay (Feedback+Scheduling): 10 ms ;



	Rate Metric
	Goodput based on MCS in Release 8

	Overhead
	Same overhead for all transmission modes.

116 data REs per RB assumed.

	Number of users per cell
	Two. Forced to same geometry

	Receiver Assumption at the UE
	MMSE. Ideal Knowledge of interferer channel.


Table 1 - Simulation Assumptions
Different approaches to feedback compression are compared in the results, which are listed below:
Feedback/Precoding Modes

1) Un-quantized 8x8 R feedback for narrowband  (legend: R)

2) Un-quantized R-Kronecker feedback for narrowband  (legend: R-Kron)
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Best Kronecker fit is used and both component R’s feedback on the narrowband

3) SVD (Un-quantized Principal Eigenvector(s)) (legend: SVD)

4) PMI (4 bit PMI) 

5) Adaptive PMI (PMI transformed by Ideal R-8x8)
6) DFT feedback of principal Eigenvector (6 bit for WB) and Co-phasing (3bit feedback for NB). In this case rank2 transmission is using [1 1; 1 -1] for the cross-pol part.

7) DFT Feedback of two principal Eigenvectors (6 bit) and Co-phasing (3bit). 
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Figure 1 - SU Rank 1 Performance
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Figure 2 - SU Rank 2 Performance
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Figure 3 - MU Performance with rank 1 to each UE
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Figure 4 - MU Performance with Rank 2 + Rank 1 configuration to two UEs
Observations:
1) For SU, using  two-component codebook feedback, as in the example studied here, a larger size DFT codebook for the wideband component and a simple co-phasing for the narrowband is at-least as good or better than 4 bit codebooks for similar overhead. As expected with XPOL antenna configuration, co-phasing is mainly useful for the rank 1 performance. 
2) For MU rank 1 to each UE transmission, using two-component codebook feedback is significantly better and may indeed be a desirable alternative to 4-bit PMI. .
3) For higher order MU with mixed rank to each UE, with DFT based codebook for Principal Eigen vector(s), there is additional room for improvement with efficient quantization, for example, to capture cross-pole component better instead of simple co-phasing and/or improve ULA component.

4) In all cases, we observe that there is still performance gap to un-quantized performance of R. Further study may be needed to improve two-component based quantization.
4. Conclusions
Some preliminary results are presented in this contribution using 8Tx two-component framework for different SU and MU modes up to rank 2 to each UE. In general, improvements are seen using a simple combination of larger DFT based codebooks for the ULA component, and a co-phasing component for the cross-pol component. 

We also conclude additional optimization may be performed to further improve performance, possibly with better quantization/representation to capture individual components.
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