
IEEE C802.16m-08/689r2


	Project
	IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16>

	Title
	Consideration of Link adaptation for 16m

	Date Submitted
	2008-07-12

	Source(s)
	Jin Xu, Robert Xu, Huiying Fang
ZTE Corporation
	Voice:
[Telephone Number  (optional)]]
E-mail:  xu.jin7@zte.com.cn
*<http://standards.ieee.org/faqs/affiliationFAQ.html>

	Re:
	IEEE 802.16m-08/024 –Call for Contributions on Project 802.16m System Description Document (SDD); Link Adaptation Schemes

	Abstract
	This proposal gives a general description about link adaptation.

	Purpose
	To be discussed and adopted by TGm for use in the IEEE 802.16m SDD

	Notice
	This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for discussion. It is not binding on the contributor(s), who reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.

	Patent Policy
	The contributor is familiar with the IEEE-SA Patent Policy and Procedures:

<http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and <http://standards.ieee.org/guides/opman/sect6.html#6.3>.

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and <http://standards.ieee.org/board/pat>.


Consideration of Link Adaptation for 16m
Jin Xu, Robert Xu, Huiying Fang
ZTE Corporation
1. Introduction
The principle of link adaptation is to match the modulation, coding and other signal and protocol parameters to the condition of radio link. Link adaptation is an essential technology which can improve the system capacity. Generally, link adaptation consists of adaptive modulation and channel coding rate (AMC), HARQ, power control, and some other technologies.
In the new 16m system, we suggest AMC and HARQ be taken as the main scheme for link adaptation. Power control should be an assistant method to compensate for AMC and HARQ.
The advantage of using rate control instead of power control is that we do not need to rise the transmit power to overcome the descending of the channel condition. This is very important to reduce the interference to other users. AMC gives a large-scale but rough and slow way to adapt link conditions, while HARQ makes an adjustment precisely and quickly. The adjustment in AMC and HARQ has the similar effect of the adjustment in power. That means, in some degree, changing of modulation order and coding rate can chage the received SINR. The step length depends on the granularity of MCS (modulation coding set).
2. Link adaptation 
2.1.  Basic mechanism of Link adaptation

First of all, the scheme of link adaptation must be based on the utilization of scheduling. Scheduling is tightly integrated with AMC and HARQ. The flexibility in selecting resource units and multiplexing users will influence the available scheduling performance which based on:

· QoS parameters and measurements,

· payloads buffered in the BS ready for scheduling,

· pending retransmissions,

· CQI (Channel Quality Indicator) reports from the MS, 
· system parameters such as bandwidth and interference level/patterns,

· etc.

Adaptive control and channel coding rate increases the achievable data rate (frequency efficiency) according to the channel conditions. After the transmission bandwidth and transmission power are determined, the adaptive modulation and channel coding rate control selects the appropriate modulation and channel coding rate that maximizes the frequency efficiency while satisfying the required QoS such as the packet error rate and latency. AMC invariably requires some channel information at the transmitter. In down link, the BS uses the CQI information which is reported by MS to decide the transmission format.
Both DL and UL HARQ should be based on Incremental Redundancy. Note that Chase Combining is a special case of Incremental Redundancy and is thus implicitly supported as well. 
The open-loop and close-loop power control are supported against deep fading, eliminating near-far effect, and fighting multi-user interference. Transmission power control guarantees the required packet error rate and bit error rate regardless of the channel conditions. The target of the received SINR can be different for different MS in order to increase the system throughput by reducing the inter-cell interference. Thus, the target of the received SINR for the MS at the cell boundary can be smaller than that for the MS in the cell vicinity. The target for the received SINR should also be controlled considering fairness among MS.
2.2. Channel coding and modulation to support AMC 
Tail-biting convolutional codes (TBCC), convolutional turbo codes (CTC), low density parity check (LDPC) codes should be supported in 16m. 
For all coding schemes, flexible coding rate and code size should be supported to provide finely granularity of MCS (modulation coding set) levels for AMC (adaptive modulation and coding). In detail, for all coding schemes, suitable rate matching algorithms should be selected and code rate can be adjusted from 1/3 to 1 to support IR-HARQ. Enough encoding packet sizes should be supported and selected by all code schemes in order to reduce the padding bits as possibly as we can. 
PRU (physical resource unit) concatenations rule/Code block fragmentation/Bit padding should be considered and studied to obtain the better performance and the least complexity/delay. CRC attachment should be studied, and selected for burst or code block.
QPSK, 16QAM and 64QAM should be applied in DL/UL of 16m respectively. 
2.3. Interleaving for AMC/HARQ
Bit level interleaving and Symbol level interleaving should be considered and studied to obtain the best benefit of constellation diversity from high order modulation and time/frequency diversity from wireless channel.

Furthermore, HARQ can be regarded as one of the most important link adaptation. BPM (bit priority mapping) and CoRe (constellation rearrangement) can be included in interleave operation to get the better constellation diversity for multiple HARQ retransmissions. What is more, for adaptive HARQ, more considerations should be taken for HARQ subpacket generation/ redundancy version definition to improve the performance of HARQ retransmissions. 
2.3 CQI (channel quality indicator) and MCS definition
Channel Quality Indicator is defined in terms of a channel coding rate value and modulation scheme (QPSK, 16QAM, 64QAM). CQI index corresponds to an index pointing to a value in the CQI table. CQI represents the channel situations. It should be transmitted from MS to BS though UL feed-back channel.
MPR (Modulation order Product code Rate) is taken as the measure of spectral efficiency. As we know, a better channel condition means an available higher MPR value. In DL transmission, MPR is often associated with CQI.
MCS defines modulation scheme, code rate, and other parameters needed in data transmission. A well designed MCS should take the encoding packet size (NEP) and PRU numbers into account. MCS should be flexible enough in granularity of MPR. A precise MPR level is needed to match the various channel situations.
The design of a new MCS should be considered since 16e’s MCS which is base on encoding packet size and sub-channel number seems too rough in MPR distributions. To work with an improved MCS mechanism, a new resource allocation method needs to be studied. The transport format also needs to be improved.
3. Conclusion
A general AMC procedure includes MAC PDU (or concatenated MAC PDUs), padding, CRC attachment, fragmentation, channel coding, HARQ subpacket generation (adaptive rate matching), adaptive modulation and resource mapping and so on.
For channel coding, tail-biting convolutional codes (TBCC), convolutional turbo codes (CTC) and low density parity check codes should be adopted by 16m. Code block fragmentation, padding and CRC attachment should be defined more efficiently. The sub-packet generation for their IR-HARQ should be studied and optimized for both non-adaptive HARQ and adaptive HARQ. More flexible encoding structure of LDPC code should be designed. QPSK, 16QAM and 64QAM should be adopted by 16 for both downlink and uplink.
Bit priority mapping (BPM) or constellation rearrangement (CoRe) should be supported to improve the performance of HARQ retransmission.

Channel quality indicator should be defined with finely granularity to reflect channel variation well in frequency/time domain. The types of transmission format must be sufficient to ensure the accurate scheduling in physical channel resource and adapt to the channel quality indicator. Further, encoding packet size should be selected carefully. The number of encoding packet size should be enough to reduce the padding bits needed for MAC PDU or the concatenations for MAC PDU.
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[Adopt the following text in the ToC of P802.16m System Description Document (SDD)]
11.x.x Channel Coding
For channel coding, tail-biting convolutional codes (TBCC), convolutional turbo codes (CTC) and low density parity check codes should be adopted by 16m. Code block fragmentation, padding and CRC attachment should be defined more efficiently. The sub-packet generation for their IR-HARQ should be studied and optimized for both non-adaptive HARQ and adaptive HARQ. Furthermore, the use of alternative FEC encoding schemes could also be considered, especially if significant benefits in terms of complexity and/or performance can be shown.
11.x.x Modulation

QPSK, 16QAM and 64QAM should be adopted by 16m for both downlink and uplink.
11.x.x CTC IR HARQ
Bit priority mapping (BPM) or constellation rearrangement (CoRe) should be supported to improve the performance of HARQ retransmission.
11.x.x Link Adaptation

A general AMC procedure to transfer MAC PDU (or concatenated MAC PDUs) includes padding, CRC attachment, fragmentation, FEC, HARQ subpacket generation (adaptive rate matching), adaptive modulation, resource mapping and so on.

Channel quality indicator (CQI) should be defined with finely granularity to reflect channel variation well in frequency/time domain. The types of transport format must be sufficient to ensure the accurate scheduling in physical channel resource and adapt to the channel quality indicator. Further, encoding packet size should be selected carefully. The types of encoding packet size should be sufficient to reduce the padding bits needed for MAC PDU or concatenated MAC PDUs.
------------------------------------End text proposal------------------------------------
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