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Combined MCS, Mode and Precoder Design for Point to Point MIMO in WRAN with Limited CSI Feedback

1.  Introduction

We propose an integrated framework of optimizing the MCS (modulation and coding scheme), mode and precoding adaptation design for slow fading correlated MIMO channels with limited feedback. In the proposed design framework, the online adaptation algorithm is very simple while the offline mechanism to build the MCS, Mode Selection and Precoder table as well as the channel state information (CSI) partition at the receiver is modeled as a VQ (Vector Quantization) optimization problem where both the feedback strategy and the transmission adaptation strategy are jointly designed to maximize average system goodput. A design of 2 MAC management messages with the respective message flow in WRAN systems is also proposed.

2. Existing Mechanism and the Drawbacks

The existing mechanism of the precoder design and rate adaption in point-to-point WRAN MIMO system is specified in specification Annex C.6 [1]. The design provides a beamforming solution that satisfies equal power/antenna in addition to the total power constraint while only a limited feedback bits are available. Although TDD and slow fading system are considered, the reason that the feedback bits for channel state information is assumed to be limited is because the US (Upstream) and DS (Downstream) subcarriers allocation may be different. Hence, the channel state information at the transmitter (CSIT) estimated though US may not be able to be applied on the DS channel. The existing mechanism uses ARQ to control the transmission rate. 

However, there are a number of drawbacks related to the mechanism stated above.

1. The number of data streams (the transmission mode) is not determined by CSIT.

2. No power allocation is included in the precoder design algorithm.

3. Control rate adaptation by simply relying on ARQ may lead to poor performance, as

· The ARQ feedback may be outdated when the data traffic is bursting.

· The user may not operate in a fixed channel. When the channel changes, the ARQ is unable to predict the CSI of the new channel.

4. When the MIMO channel is spatially correlated, it is not sure about which transmission mode should be selected (Spatial Multiplexing or Spatial Diversity). 

3. Mechanism Design

In this section, we present the proposed integrated limited feedback design framework for MIMO system under the slowly fading and spatially correlated channel to maximize the MIMO system goodput through MCS, mode and precoder adaptation. In particular, we propose
1. 
An efficient combined MCS, Mode and Precoder Online Adaptation framework;
2. 
An offline mechanism to build the MCS, Mode Selection and Precoder table as well as the CSI partition at the receiver. 
3.
MAC management messages and the respective message flow for the WRAN system as an application example.

The following shows the embodiment with reference to the system model illustrated in Figure 1, in which the perfect and noiseless channel state information at the MIMO receiver (CSIR) is assumed. In addition, the MCS, mode and precoder codebook is known to both both the transmitter and the receiver. On the other hand, the CSIR space is partitioned into 2Cfb non-overlapping regions, where Cfb is the number of bits available for feedback. 
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Figure 1. System block diagram for the proposed framework.

3.1.  Description of the Online Algorithm 

The online adaptation algorithm is very simple and is summarized as follows. Upon receiving data, the receiver estimates the instantaneous CSIR H and determines the partition H belongs to. Suppose H belongs to i-th partition, the receiver will feedback the index i with Cfb feeback bits to the MIMO transmitter as the CSI. Once the transmitter receives the bits, the MCS, mode and precoder from the i-th entry of the codebook that will be used for data transmission can be obtained. 
For example, suppose there are 3 transmit and receive antennas and there are 4 bits of CSI feedback available. At the transmitter, there is a table (with 16 entries) of Precoding Matrix V, MCS (R) and Spatial Multiplexing/Spatial Diversity Mode. At the receiver, there is a partition (with 16 regions) of the CSIR space. At a particular time slot, the receiver estimates the current CSI and determines which of the 16 regions it falls into. After that, it feeds back the region index (e.g. 3) to the transmitter via the 4-bit feedback link. The transmitter then utilizes the MCS, Mode and Precoder from the 3rd entry in the table.  The advantages of the online algorithm two-fold, namely are low overhead (4 bits) and low complexity. 

3.2. Description of the Offline Algorithm

The offline design is a mechanism to build the MCS, Mode Selection and Precoder table as well as the partition at the receiver. There are a number of literatures talking about codebook and partition design [2,3,4].  We propose to jointly optimize the table and the partition so as to maximize the total effective “goodput”. 
The offline algorithm is equivalent to a VQ problem and can be solved by an iterative Lloyd’s algorithm. As an example, the optimal codebook designed for 2-by-2 system with 9dB SNR and 2 bits feedback is listed below.

Table 1—The Codebook of 2 by 2 MIMO system with SNR 9dB and 2 bits feedback
	Codebook Entry
	MCS (R)
	Mode (M)
	Precoder (V)

	
	Modulation
	Encoding Rate
	
	

	1
	BPSK
	3/4
	2
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	2
	16QAM
	3/5
	1
	[-0.7059  -0.6581+0.2620i]T

	3
	16QAM
	7/8
	1
	[-0.7048  -0.6556+0.2711i]T

	4
	64QAM
	3/4
	1
	[-0.7073  -0.6537+0.2690i]T


The rule of determining the channel partition is as follows.
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where, R is the transmission rate that MCS can provide, M is the transmission mode which denotes the number of data streams transmit simultaneously, 
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is the right singular matrix of H and P is the power constraint.
4. MAC Management Message Design
Suppose there are several feedback bits (e.g. 4) for a sub-channel in the WRAN system in which a CPE occupies several sub-channels (e.g. 2 discontinuous sub-channels). In this case, 
two management messages and the respective message flow are needed to support the limited feedback framework. 

The BS shall use a message to inform the CPE when feedback is needed on the 2 sub-channels occupied by the CPE. We define the message as CFB-REQ, which consists of the following elements:

•The starting feedback frame

•Number of feedback frames

•Index of the sub-channels requiring feedback

When the CPE received the feedback requesting message, it shall use a message to report limited feedback to the BS (4 bits per sub-channel). We define the message as CFB-RSP, which consists of the following elements:
•Index of the feedback sub-channels

•Limited feedback bits for these sub-channels.

Tables 2-5 show the designed control messages.






                  Table 2—CFB-REQ message format
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    Table 3: CFB-REQ message body

                                                      

Table 4: CFB-RSP message format
Table 5—CFB-RSP message body

We shall note that the CFB-REQ/RSP can be applied to both downstream and upstream transmission. 
In Table 5, the maximum number of bits for each sub-channel is 8. However, it is woth noting that this is not compulsory. If the codebook is smaller, the actual feedback bits can be smaller than 8. It is because for larger codebook, the online algorithm will be more time consuming.

Additionally, we shall add these 2 messages to the Table 24 of [1] as well.








Table 24—Management messages



Figure 2.  An illustration of the message flow.
5. Simulation

The simulation configurations are as follows.

· Antenna spacing / wavelength = 1 
Remarks: Since the TV operating band is 47-910 MHz, the WRAN system can work on ~100MHz band with a wavelength 3m. Hence, the unit ratio is a reasonable setting. Note that the calculation of correlation matrix only needs the ratio [5], and the corresponding channel correlation coefficient is 0.94.

· Number of scatters = 100

· Angular spread (transmit correlation) = 20 (in degree) 

· Feasible mode = 1 to Nr (assuming Nt > = Nr), where Nt and Nr are the numbers of transmit and receive antennas, respectively.
· FER constraint is ( = 0.01
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Figure 3. Goodput comparison in a 2-by-1 system with transmit correlation coefficient = 0.94.
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Figure 4. Goodput comparison in a 2-by-2 system with transmit correlation coefficient = 0.94.

From Figure 3 and Figure 4, we can find that the SNR gain of the proposed design with respect to the current design of [1] is around 12dB and 8dB for 2-by-1 and 2-by-2 systems, respectively. The significant SNR gain illustrates the importance of rate and mode adaptation in the slow fading spatial correlated channels of WRAN system. In addition, the online algorithm of the proposed design is quite simple hence the proposed design is very practical.
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Abstract


We propose an integrated framework of joint optimizing the MCS (modulation and coding scheme), mode and precoding adaptation design for slow fading correlated MIMO channels with limited feedback. A design of 2 MAC management messages and the respective message flow in WRAN system shll also be presented.
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