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Link Adaptation for 16m
Chongli Liu, Rongdao Yu, Ying Jin, Qitao Song, Chi Gao, Yi Lu, Tao Wu
Huawei
1. Introduction
Since the channel is time-variant due to the mobility of MS or the change of the environment, transmission parameters are required to be changed to match the channel state. The mismatch of the transmission parameters and channel state will waste the resource or cause performance degradation. Link adaptation is an essential technology, which can significantly improve the system capacity. Typically, link adaptation scheme adapts transmission power, modulation scheme, code rate, interleaving scheme, constellation mapping scheme, antenna modes, and so on.
2. Link adaptation 
2.1. Channel coding
Tail-biting convolutional codes, convolutional turbo codes (CTCs), low density parity check (LDPC) codes should be supported in 16m. 
Convolutional encoder of 1/3 code rate should be proposed to support better performance. The constraint length 7 is recommended to make a tradeoff between complexity and performance.
For CTC, the basic structure is inherited from 16e. The sub-packet generation for CTC should be optimized.
For LDPC code, a more flexible encoding structure should be designed which can provide variable code rates by puncturing or extending. 
Various code rates should be supported for each coding scheme. The specification is FFS.
Repetition coding should also be supported. 
2.2. Interleaving

Bit level interleaving should be supported to randomize the coded bit sequence and avoid burst errors. 
Symbol level interleaving in retransmission should be supported to obtain channel average effort. Typically, receiver measures the channel state and takes statistics of the fading principle, and then feedbacks an interleaving pattern indication. The transmitter selects the interleaving pattern according to receiver’s feedback.
2.3. Modulation
(QPSK, 16QAM, 64QAM) and (QPSK 16QAM) should be supported in downlink and uplink of 16m respectively. 
The constellation mapping principle is the same as 16e, shown as below.
[image: image1.emf]
Figure 1 Constellation mapping in QPSK/16QAM/64QAM
Constellation rearrangement in retransmission should be supported to obtain channel average effort for transmitted bits so that it can improve the performance of the retransmission scheme. 
Constellation rearrangement should be supported and can be done by interleaving.
2.4. Spatial Transmission mode
MIMO mode, such as spatial diversity, spatial multiplexing or combination of spatial diversity and spatial multiplexing should be supported in transmission. 
Various multi-antenna modes should be defined to make the spatial transmission more flexible.
Interference cancellation should be considered for antenna modes adaptation in HARQ retransmission while multi-antenna technology is used.
For example, given two D-STTD modes, i.e., matrix_A and matrix_B are defined in 16m. If the first transmission uses matrix A, and given that the MCS and channel state are the same as initial transmission during retransmissions, interference cancellation can be effective by using matrix B in retransmission. 
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Figure 2 Interference cancellation by using different transmission matrix
2.5. Encoding Packet Size

The granularity of 16e encoding packet size is too large, padding bits may be too much, and then it’s a waste of bandwidth.
If the set of encoding packet size is too large, the overhead used to indicate the packet size will be increased.

To reduce the possible padding meanwhile maintains reasonable signaling overhead, the set of encoding packet size needs careful design.

The encoding packet sizes supporting for each encoding scheme is FFS.

3. Signaling for link adaptation

Parameters needed in receiver for decoding: encoding packet size, Modulation scheme (QPSK = 2, 16QAM = 4, 64QAM = 6), code rate, HARQ redundancy version, resource block size, resource block number, and we have the following equation:
Encoding packet size / (Code rate * Modulation) = resource block size * resource block number        (1)
The resource block size is predefined and known by BS and MS. Three of the left four parameters have to be transmitted. The last one can be calculated according to the equation. 
Link adaptation is based on various channel situations. If power control is available, power control signaling is required. If MCS is flexible, CQI feedback is needed. If antenna mode is variable, antenna related signaling is necessary.
4. Conclusion
Tail-biting convolutional encoder of 1/3 code rate is proposed. The sub-packet generator for CTC should be optimized. More flexible encoding structure of LDPC code should be designed.
Constellation rearrangement in retransmission should be supported.
Interference cancellation should be considered for antenna mode adaptation in HARQ retransmission.
5. Reference
Text Proposal to SDD

------------------------------------Start text proposal------------------------------------
[Adopt the following text in the P802.16m System Description Document (SDD)]
11.x Channel coding
Tail-biting convolutional codes, convolutional turbo codes (CTCs), low density parity check (LDPC) codes are supported. 

The mother coding rate of tail-biting convolutional codes is 1/3.
Repetition coding is supported. 
11.y Modulation

(QPSK, 16QAM, 64QAM) and (QPSK, 16QAM) are supported in downlink and uplink respectively. 
Constellation rearrangement is supported.
11.z HARQ
Interference cancellation should be considered for antenna modes adaptation in HARQ retransmission while multi-antenna technology is used.

------------------------------------End text proposal------------------------------------
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