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Proposal for AMC Sub-channel Structure Selection for 16m system
FUJITSU

1. Introduction

The IEEE 802.16m requirement document [1] specifies that 16m system shall support adaptive modulation coding (AMC) technique and advanced multiple antenna techniques, such as MIMO, beamforming (BF), or others. Especially, to facilitate beamforming or precoding in MIMO-OFDM, the minimum unit, say sub-channel, over which the channel fading coefficients on all subcarriers in this unit are regarding as constant so as to reduce the amount of feedback bits. Moreover, in SISO-OFDM scenario, the structure of sub-channel should also be optimized to achieve high throughput in MCS adaptation. In order to facilitate high efficient precoding and obtain high AMC gain, we propose criteria to optimize the sub-channel structure in IEEE 802.16m systems.
2. Limited feedback transmission
In downlink multi-user systems, Node B deploys M Tx antennas where M = 1 or >1, there are total K users waiting for communication simultaneously at same frequency band. Here, K >1 correspond to space-division multiple access (SDMA) transmission system. The diagram of such communication system is shown in Fig. 1. Each terminal estimates its own channel state information respectively and determines individual sub-channel structure most suitable for transmission. The criteria used here can be such that the channel fading is flat over determined sub-channel as more as possible, or that all the subcarriers in the determined sub-channel possess the same precoding vector in MIMO case. Based on the predefined sub-channel structure, each user selects the best precoding vector in the Nb-bit set of codebook according to maximization of receive signal-to-noise ratio (SNR) and calculates the channel quality indicator (CQI) value. After this procedure, the terminals feedback individual sub-channel structure index, selected precoder index and CQI value to Node B. Node B jointly determines the only sub-channel structure for all selected J user’s downlink transmission and chooses suitable modulation coding scheme (MCS) for each terminal according to QoS requirement.
The focus, in this proposal, is to determine the sub-channel structure, i.e., select a most suitable structure from a set of several possibilities.
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Fig. 1 Diagram of limited feedback based close-loop transmission strategy.
3. The proposed criteria for sub-channel determination
For OFDMA systems, the resource in time-frequency grid is divided into many rectangular sub-channels and the averaged channel coefficients over one sub-channel between 
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where 
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 is the channel fading between 
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 is the total number of subcarriers in one sub-channel. Here the uplink feedback is based upon sub-channel such that the total amount of feedback is dramatically decreased.

One sub-channel occupied several subcarriers in frequency domain and several OFDMA symbols in time domain. Fig. 2 and 3 depict two examples of sub-channel structure. Compared with Fig. 3, Fig. 2 spans more OFDMA symbols in time domain, whereas less subcarriers in frequency domain. As the sub-channel in time frequency grid is rectangular, the number of total subcarrier in a sub-channel can be decomposed by the product of several pairs of integers. Assuming S has L possible decompositions as follows,
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Fig. 2 Sub-channel structure --- example 1
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Fig. 3 Sub-channel structure --- example 2

In order to optimize the DL throughput, each user can suggest the best sub-channel structure from itself, and also measure the CQI, then feedback this information to BS for scheduling. The criterion for sub-channel structure selection can be based on the system requirement, for example, we give some instances, as follows
Method 1

The first criterion of sub-channel structure determination is to make the channel fading over a sub-channel as flat as possible. The following minimum relative covariance for all possible decompositions in Eq.(3) is adopted in this proposal, i.e.,
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Method 2
The second criterion is to maximize the effective SNR (ESNR) over a sub-channel as ESNR is more attractive metric than channel flatness in performance evaluation. For SISO case, the following generic ESNR calculation is adopted,
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Here function 
[image: image16.wmf])

(

×

F

 specifies PHY link-to-system mapping structure, and it can use EESM, MMIB or RBIR method, etc., in evaluating ESINR. In MIMO case, the calculation of ESINR depends on type of MIMO transmission adopted. According the value of ESNR for all sub-channel structures, the optimal solution is obtained as,
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Method 3
The third criterion is to maximize the averaged physical SNR over a sub-channel. For all the alternatives of sub-channel structure, we choose the corresponding precoders according to averaged channel coefficient, we should find out the sub-channel structure possessing the maximum averaged SNR. For a specific sub-channel structure (
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), the precoder is determined based upon the following averaged channel,
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Define 
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where 
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 is codebook. The real averaged SNR of current sub-channel based on (
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Therefore, the sub-channel structure is determined by finding maxima of the following optimization problem,
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Here, the objective function (8) can also set to be the effective SNR similar to Eq. (4) as ESNR directly determines BLER performance. After each user determining the best sub-channel mode, its index, corresponding PVI for precoding and CQI, are fed back to Node B.

Assuming the feedback channel is error-free and zero feedback delay. The Node B demodulates the information on precoding vector indices and CQIs and individual sub-channel structure from all users, then determines the sub-channel mode actually used, active user set, i.e., the set contains the user indices which are allowed for downlink data transmission. For all sub-channel modes fed back from individual user, Node B choose the real sub-channel structure according to user priority and the maximum number of the same sub-channel mode, i.e., if a user with sub-channel mode A is high-priority user for transmission, the sub-channel structure is A mode. Otherwise, the sub-channel structure is chosen such that most users required or maximizing throughput.
4. Simulation Results

To verify the advantages of optimized sub-channel structure over fixed sub-channel, we simulate the link-level performance of OFDMA system with the same configuration in IEEE 802.16e. The detailed parameter settings are as follows,
Table 1. Parameter setting in the simulations

	System parameters
	Value
	Description

	PHY mode
	
	OFDMA

	Carrier frequency (GHz)
	2.5
	

	Duplex mode
	
	TDD

	Link type
	
	Downlink

	Bandwidth (MHz)
	10
	

	FFT size
	1024
	

	Cyclic Prefix
	1/8
	

	Sampling factor
	28/25
	28/25: multiple of 1.25MHz bandwidth; 8/7: multiple of 1.75MHz bandwidth

	Subcarrier space (KHz)
	10.9375
	

	Frame Length (ms)
	5
	

	Downlink sub-frame (ms)
	2.45
	23 OFDMA symbols

	TTG (ms)
	0.05
	

	RTG (ms)
	0.05
	

	Downlink subcarrier allocation
	
	AMC

	Sub-channel structure selection method
	
	Effective SNR maximization

	Channel coding
	CTC
	16QAM 2/3

	MIMO
	
	SISO, 4 Tx x 1Rx precoding

	Frequency Domain Equation
	
	MMSE

	Demodulation method
	
	Sub-optimum soft demodulation

	Fading Channel
	
	PB 3km/h, VA 60kmh (uncorrelated in the case of 4Tx 1Rx scenario)

	Channel estimation
	
	Perfect Channel estimation


For SISO deployment, we compare single-user BLER performance of 16QAM 2/3 CTC encoding with the same block length as in 16e system for illustrative purpose. In first example, SISO configuration under PB 3km/h channel is adopted for comparison of the BLER performance under 4 sub-channel structures and the optimized sub-channel structure selection scheme. As shown in Fig. 4, the scheme proposed in this document with optimized sub-channel structure perform very well with several dBs gain compared with other 4 fixed sub-channel structures.
Fig. 5 and 6 plot the BLER curves in multiple antenna configuration with limited feedback based 4Tx 1Rx precoding scheme under two channel models. Once again, large gain of the proposed sub-channel selection method over 4 fixed ones is observed. Moreover, as the channel fluctuation in time domain increases, the fixed sub-channel structure with 1bin x 6symbol performs better which validates that the structure should adapt the channel catachrestic dynamically.
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Fig. 4. BLER performance of SISO system under PB3 channel for different sub-channel structures.
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Fig. 5. BLER performance of 4x1 precoding system under PB3 channel for different sub-channel structures.
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Fig. 6. BLER performance of 4x1 precoding system under VA60 channel for different sub-channel structures.

5. Text proposal
The MS should feedback the channel information, such as CQI, PVI (in condition of MIMO precoding application), and also the preferred subchannel structure, for BS scheduling.
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