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1. Introduction
Long term CL SU and MU precoding require channel state information for the whole band There are two methods to feedback the long-term information
1) Long-term PMI based
MS estimates a rank-1 precoder for the whole band, and quantize it based on rank-1 base codebook and report it to BS.

2) Correlation matrix based
MS estimate the correlation matrix of TX antenna, and feedback it to BS. BS can deduce the wideband precoder accordingly.

   The method of correlation matrix is preferred because

1) The performance of correlation matrix is better than long-term PMI 

The correlation matrix has more information of the channel, and can obtain better performance. The SLS evaluation for comparison is provided in the following table.

According to the result, correlation matrix based method is better than long term PMI method especially for dual-pol antenna configuration. The observed gain is about 4% for ULA and 6% for dual-Pol antenna configuration. The feedback of long-term PMI and correlation matrix is once per 100ms. Both long-term PMI and correlation matrix is estimated based on channel.
	4x2, MUZF, Highly correlated channel

PUSC, Long term precoding,30km/h
[Cell radius, Angle spread]
	6bits PMI
	Correlation Matrix 

(28 bits quantization)

	[1500, 3°]
	Dual-pol
	100%
	106.4%

	
	ULA
	164.5%
	171.1%


2)  Correlation matrix based method is robust to the Tx antenna phases mismatch inherent to uncalibrated antenna arrays
When the Tx antenna is not calibrated, the beamforming is very hard to be constructed for PMI based method, which will introduce huge performance loss as specified in [3].
While correlation based method, the random phase can be estimated in the correlation matrix, so the problem can be solved accordingly.

The performance of SLS with uncalibrated antenna array is provided in the following table (PMI with calibrated Tx phase as baseline for comparison)

	4x2, MUZF, Highly correlated channel

PUSC, Long term precoding, 30km/h
[Cell radius, Angle spread]
	6bits PMI
	Correlation Matrix 

(28 bits quantization)

	[1500, 3°]
	ULA (calibrated Tx phase)
	100%
	104%

	
	ULA (Uncalibrated Tx phase)
	74%
	92%


According to the result, PMI based based method suffers a lot from random phase in Tx side, while correlation matrix based method is very robust.

3) Correlation matrix is used for adaptive codebook mode and can be reused for long-term beamforming
4) Overhead is not an issue because the feedback period is performed on the very long basis (e.g. every 100ms)
     Because the feedback is long-term (like 50, 100ms), feedback error protection is very important. Fast feedback channgel (CQICH) is not well protected and 10% target error rate is not suitable for this kinds of long-term report information, while      MAC message is preferred to report long-term information.  After adding MAC header, CRC etc, the overhead difference between PMI and correlation matrix is not obviously.
3) Reference
[1] 80216m-08/003r8, “System Description Document (SDD)”
[2] IEEE 802.16m-09/0010r1a, “IEEE 802.16m Amendment Working Document”

[3] Intel codebook comparison
4) Text proposal for inclusion in the 802.16m amendment
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3. Advanced Air Interface 

3.1. Physical layer 
Introduction
OFDMA symbol description, symbol parameters and transmitted signal 
Frame Structure
Reserved

Downlink physical structure

Downlink physical control

Downlink MIMO transmission schemes
Downlink MIMO architecture and data processing
Transmission schemes for data channels
3.1.1.1.1. Encoding, precoding and mapping of SU-MIMO
3.1.1.1.2. Encoding, precoding and mapping of MU-MIMO
3.1.1.1.3. Mapping of data subcarriers

3.1.1.1.4. Mapping of pilot subcarriers
3.1.1.1.5. Usage of MIMO modes
3.1.1.1.6. Feedback mechanisms and operation
3.1.1.1.6.1. Downlink post-processing CINR measurement feedback
3.1.1.1.6.2. MIMO mode selection feedback
3.1.1.1.6.3. MIMO feedback information

Table 670—MIMO feedback information
	
	….

	Quantized Correlation matrix
	For adaptive codebook feedback mode or and long term wideband beamforming [TBD]

	...
	...

	PMI report for serving cell
	For long-term wideband beamforming


3.1.1.1.6.4. MIMO feedback modes
Each MIMO transmission mode can have one or several kind of MIMO feedback modes. When allocating a feedback channel, the MIMO feedback mode shall be indicated to the MS, and the MS will feedback information accordingly.
The description of MIMO feedback modes and corresponding supported MIMO transmission modes is shown in Table xx. The detailed description of feedback and MS processing are in the following subsections.

Table xx MIMO feedback modes

	Feedback mode
	Description
	Feedback content
	Type of RU
	Supported 
MIMO transmission mode
	Parameters

	Mode 0
	
	
	
	
	

	Mode 1 
	
	
	
	
	

	Mode 2
	
	
	
	
	

	Mode 3
	
	
	
	
	

	Mode 4
	CL SU MIMO (Diversity)
	1. Rank

2. Wideband CQI
3. Correlation matrix
	Diversity

(DRU, Mini-band based CRU)
	MIMO mode 2 (Mt=1)
	

	Mode 5
	
	
	
	
	

	Mode 6
	
	
	
	
	

	Mode 7 
	CL MU MIMO
(Diversity)
	1. Wideband CQI

2. Correlation matrix 
	Diversity 

(DRU, Mini-band based CRU)
	MIMO mode 4
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