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Proposal for Wideband Beamforming in the IEEE 802.16m Amendment
David Mazzarese et Al.
Samsung Electronics
1. Introduction
This contribution proposes amendment text for MIMO, to be included in the IEEE 802.16m Amendment Working Document [1], subclause 15.3.7. The proposal resolves the “TBD” for long-term PMI report for the serving cell in Table 690 page 239 in [1]. It is shown that the feedback of a wideband PMI is a more economical way to perform long-term wideband beamforming than using the feedback of the quantized correlation matrix. 
As such, we recommend to allow the feedback of a wideband PMI to ensure performance at the cell edge, while keeping the feedback of the quantized correlation matrix for the main purpose of adaptive codebook feedback mode, and allowing the base station to use the feedback of the quantized correlation matrix for wideband beamforming when supported by the uplink SNR. 
2. References
[1] IEEE 802.16m-09/0010r2, “IEEE 802.16m Amendment Working Document (AWD)”, 2009-06-31.

[2] IEEE 802.16m-07/002r8, “802.16m System Requirements”, 2009-01-15.

[3] IEEE 802.16m-08/003r9a, “The Draft IEEE 802.16m System Description Document”, 2009-05-31.

[4] IEEE 802.16m-08/004r5, “The IEEE 802.16m Evaluation Methodology Document”, 2009-01-15. 
[5] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”, 2008-09-18.
3. Proposal for wideband beamforming 
The support of wideband beamforming is mandated in the SDD [3] (closed-loop single-user and multi-user MIMO in distributed allocations). It is a recognized technique to achieve downlink beamforming gains in highly correlated channels, for both fixed and mobile users. The technique relies on the fact that the transmit spatial correlation changes slowly over time, and is approximately constant over the bandwidth.

Wideband beamforming is implemented by applying a single rank-1 precoder over all the distributed subcarriers in a diversity allocation. Usually, that rank-1 precoder is only changed over a long period of time (several frames). 

There are two feedback methods for supporting wideband beamforming in the AWD:

· Long-term wideband quantized correlation matrix

· Rank-1 wideband PMI from the base codebook or a subset of the base codebook
Table 1 summarizes the characteristics of these two feedback methods and their usage for wideband beamforming.

Table 1 – Wideband correlation matrix vs. wideband PMI feedback

	
	Long-term wideband quantized correlation matrix
	Rank-1 wideband PMI

	Estimation at MS
	Over several midambles (e.g. 16 midambles every 80 ms)
	Over 1 midamble
Over several midambles is also possible

	Feedback period
	Several frames (e.g. 16 frames)
	Several frames (e.g. 16 frames)

	Transmission method
	Keep the same rank-1 beamformer for several frames
	Keep the same rank-1 beamformer for several frames

	DL control signaling for allocation uplink feedback channel
	Polling_IE
FBCH_Alloc_IE
	FBCH_Alloc_IE

	Uplink feedback channel type
	- One MAC management message (feedback header) with long period
- One P-FBCH (CQI with short period)
	One P-FBCH
- PMI (long period, puncturing short period)

- CQI (short period)

	Payload size (bits)
	Matrix: 6 (2Tx), 28 (4Tx), 120 (8Tx)
	PMI: 3 (2Tx), 4 or 6 (4Tx), 3 (8Tx)

	Uplink feedback channel size
	3 or 6 UL tiles every frame (5 ms)
(packet fragmentation could be used for 8Tx with a transmission over 3 UL subframes with 3 tiles in each subframe)
	1 UL tile every frame (5 ms)

	Robustness at cell-edge
	Link budget may be tight for large payload, it may require packet fragmentation. Otherwise 
	No problem, link budget of P-FBCH is optimized for the cell-edge

	Computational complexity at MS
	Estimate the wideband correlation matrix, quantization and SVD of RT
Cf Table 3
	Find the best PMI over the whole band, or computed it from the estimated wideband correlation matrix
Cf Table 3

	Computational complexity at BS
	SVD of RT
	No additional computation required

	BS-MS interoperability
	BS and MS could do different things on matrix RT, depending on implementation, especially in CL MU MIMO.
	Yes, since the rank-1 PMI that is feedback cannot be further transformed

	Quantization effect
	RT is quantized. Matrix quantization to convey the information of 1 vector is unnecessary.
	PMI is quantized. The base codebooks have been optimized to quantize a correlated channel vector with a small error.


Feedback overhead
A wideband PMI with a maximum size of 6 bits can be effectively transmitted in a P-FBCH, by time multiplexing with CQI. The long-period feedback of PMI punctures the short-period feedback of CQI. One P-FBCH takes up 6 subcarriers in one uplink subframe (i.e. 1 UL tile). A wideband PMI with 4 bits could also be used without much performance loss for cell-edge, due to the limitation in the accuracy of the channel estimation at low SNR. The P-FBCH requires an UL SNR of about -1.5 dB for achieving a PER of 1%.
The quantized correlation matrix is fed back to the BS via a MAC management message, i.e. using an extended header. As such, it requires a 2-byte generic MAC header and a 2-byte CRC, independently of the payload size. An additional 2-byte fragmentation and packing header is required in case of packet fragmentation, which may be required if the uplink SNR doesn’t meet the link budget of the feedback channel, so that the MS can multiplex the payload over several uplink subframes. Without fragmentation, it may be difficult to guarantee the successful transmission of the quantized correlation matrix by cell-edge users.

Assuming a robust MCS (QPSK rate 71/256 of Table 744 in [1]) for the transmission of the extended header, the actual header bit count and physical feedback resource size are summarized in table 2. The minimum data allocation on uplink in DRU is one LRU (three 6x6 tiles), which can carry 96 symbols once the pilot overhead has been accounted for.
Table 2 – Overhead of Feedback Header

	
	2Tx
	4Tx
	8Tx

	Bit count
	MAC header: 2 bytes

CRC: 2 bytes

Payload: 6 bits

Total: 38 bit
	MAC header: 2 bytes

CRC: 2 bytes

Payload: 28 bits

Total: 60 bit
	MAC header: 2 bytes

CRC: 2 bytes

Payload: 120 bits

Total: 152 bit

	Encoded bits
	95.3239 bits
	174.6479
	506.3662

	Byte alignment
	96 bits
	176 bits
	512 bits

	Number of QPSK symbols
	48
	88
	256

	Size of the allocated feedback uplink resource
(6 symbols UL subframe with QPSK rate 1/2)
	1 LRU = 3 UL tiles
	1 LRU = 3 UL tiles
	3 LRUs = 9 UL tiles


This is to be compared with 1 UL tile for the feedback of the wideband PMI using one P-FBCH. 

A minimum of 3 UL tiles are required for the feedback header in the case of 4 transmit antennas at the BS, so the power spectral density per subcarrier of the uplink transmission is decreased, and the UL SNR is decreased by 4.77 dB. Therefore the feedback reliability decreases for cell-edge users. For 8Tx, packet fragmentation could be used to transmit the information over multiple UL subframes. 
Computational complexity at MS

It is assumed that the MS can obtain a channel estimate Hk on every subcarrier k from the midamble, and will use these estimates as a basis for computing the wideband correlation matrix or for finding the best wideband PMI.

The wideband PMI is found by maximizing 
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 over all rank-1 codewords with index i in the base codebook of rank 1. In general, the channel matrix on subcarrier k can be expressed as
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, where the BS transmitter is equipped with n antennas and the MS receiver is equipped with m antennas. Finally the optimal precoder from the codebook (with L precoders) is expressed as:
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With the assumptions of stationarity and ergodicity of the fading process: 

[image: image7.wmf](

)

FFT

N

*

1/2*1/2*

Tk,i.i.dk,i.i.dTkkT

k1

FFT

1

RHHREHHR

N

=

éù

==

ëû

å

.
The estimate of the wideband correlation matrix is precisely obtained as]
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It can be further averaged over several midambles (i.e. several frames). 

The well-know solution to the problem 
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 can be approximated by finding the closest PMI to the principal eigenvector of
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, but it requires to perform a singular value decomposition (SVD) of
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, then a quantization to the closest vector in the codebook.
Alternatively,
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can be found directly as
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and the CQI is obtained as 
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Table 2 – Computational Complexity
	Wideband PMI
(approach 1)
	Wideband PMI from correlation matrix
(approach 2)
	Eigenvector from correlation matrix
(approach 3)

	operation
	Complexity
	operation
	complexity
	operation
	complexity
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	NFFTLm multiplications
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	NFFTmn2 multiplications
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	NFFTmn2 multiplications
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	L sums of NFFT complex numbers
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	n2 sums of NFFT complex numbers
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	n2 sums of NFFT complex numbers
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	1 division
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	Ln2 multiplications
	SVD of
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	Comparison
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	Comparison
	
	

	Quantization
	Already done
	Quantization
	Already done
	Quantization
	Quantize 
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	CQI computation
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	2 divisions
	CQI computation
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	1 division
	CQI computation
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	1 division

	BS computation
	Not required
	BS computation
	Not required
	BS computation SVD of
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	n3 multiplications

	Total number of multiplications at MS
	NFFTLm(n+1) multiplications
	
	n2(NFFTm+L)+Ln multiplications
	
	n2(NFFTm+n) multiplications


The complexity of approach 1 can be higher when a large codebook is used (large L), whereas the complexities of approaches 2 and 3 are of the same order at the MS. The complexity of approach 3 is higher at the BS, and it requires the implementation of an SVD at both the MS and BS.
4. Text proposal for inclusion in the 802.16m amendment
<Delete “[TBD]” in Table 690 on page 239 lines 28>
PMI report for serving cell [TBD][image: image40.png]
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