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1. Introduction
At last meeting, some companies gave their considerations on downlink AMC processing [1] [2]. This contribution gives our view on downlink AMC processing sequence for link adaptation, both for single antenna case and SU-MIMO with single codeword.
2. Downlink AMC processing sequence
Firstly, we will briefly introduce the general transport block processing sequence of downlink AMC for both single antenna case and SU-MIMO with single codeword, which is shown in Figure 1. Then we will focus on the operation of Adaptive Rate Matching, Adaptive Modulation and Channel Interleaving. Finally, we will give our view on downlink AMC processing sequence. 

CRC attachment
CRC is used for error detection of the decoded data at the receiver.
Bit Scrambling 
Similar to that in HSDPA system, the bit scrambling block is performed to compensate for the performance degradation from power level estimation for 16/64QAM when specific data sequences are transmitted e.g all-zero or all-one sequences. 
Channel Coding
Current assumption for the study-item evaluations is that channel coding for “normal” data [Layer 3 information] is based on UTRA release 6 Turbo coding [3]. In the case of the whole 20MHz bandwidth being used by a single UE at one transmission, the transport block from Layer 2 may be much larger than the maximum process capability of Turbo coder, and a physical layer code block segmentation operation is needed.
HARQ functionality (Adaptive Rate Matching)
The function of HARQ functionality block is equivalent to adaptive rate matching, in which the encoded bit sequence may be punctured or repeated to the coding pattern of the current      transmission.    
Channel Interleaving
The channel interleaving is performed for one encoded block. It may be a matrix or some other kinds of block interleaver.
Constellation Rearrangement (only for 16QAM & 64QAM)
This function only applies to 16/64QAM modulation. In case of QPSK it is transparent. It has the same function as that in HSDPA system.
Chunk Mapping
The encoded bits are mapped to its corresponding chunk(s).

Adaptive Modulation

Supported downlink data-modulation schemes are QPSK, 16QAM, and 64QAM [3]. According to the current channel quality information, the optimum modulation scheme is selected from the three candidates.
2.1. Considerations on adaptive modulation and coding rate
2.1.1. Single antenna case
There are altogether three candidates for adaptive modulation and coding rate scheme, i.e. (a)chunk-common adaptive modulation and coding rate, (b)chunk dependent adaptive modulation and coding rate, and (c)chunk-dependent adaptive modulation and chunk-common coding rate.
Because of its low complexity and low signaling overhead, the chunk-common adaptive modulation and coding rate is regarded as a basic AMC scheme [2]. That means for a specific user, all the chunks assigned to it are considered to be uniform, thus the adaptive rate matching and adaptive modulation of a coded block are performed uniformly for all these chunks. In fact, each chunk cannot be identical, they may have some difference more or less. But in the chunk-common AMC scheme, the difference of each chunk cannot be embodied and a chunk mapping permutation in HARQ retransmission is used as an improvement, in which the information bits mapped to different chunks are permuted in HARQ retransmission, thus each information bit may have the opportunity to experience all the chunks and such an averaging operation among all the chunks will bring diversity gain. 
An example of the permutation operation is shown in Figure 2. The coded block is equally divided into two sub-blocks to make chunk mapping. At first transmission, sub-block1 is mapped onto chunk-1 and sub-block2 onto chunk-2. However, when doing retransmission, sub-block1 is mapped onto chunk-2 and sub-block2 onto chunk-1.
Actually, the chunk permutation in HARQ retransmission can be realized by many different methods, and the operation in Figure 2 is just one example. All the methods should have the effect of permuting information bits on different chunks in HARQ retransmission. The permutation algorithm may be a random permuting or a cyclic permuting or some other specific type of permuting. Note that such permutation may be done for all the information bits of a coded block or for part of the information bits of a coded block. 

[image: image1]
Figure 2 Chunk permutation in HARQ retransmission for single antenna case
2.1.2. SU-MIMO case
Some considerations on the downlink AMC scheme of adaptive modulation and coding rate for single antenna case has been presented in section 2.1.1.  In the following, we will consider the AMC scheme for single user (SU)-MIMO with single codeword. The definition of SU-MIMO and single codeword can be found in [3]. The AMC processing sequence for SU-MIMO with single codeword is almost the same with the single antenna case, the only difference between them is the chunk mapping. For SU-MIMO with single codeword, the data will be mapped onto the chunks of different antennas or different virtual antennas
 and the chunk mapping permutation in HARQ retransmission is also applicable in such case.

An example of the permutation operation is shown in figure 3. For simplicity, it is assumed that the antenna configuration is 2 by 2, and two chunks of each antenna are assigned to one user. The encoded block is equally divided into four sub-blocks, each sub-block is mapped onto one chunk of antenna. At the first transmission, sub-block1 and sub-block2 are mapped onto the chunk1, 2 of the first antenna separately, and sub-block3 and sub-block4 are mapped onto the chunk1, 2 of the second antenna. The mapping order of sub-block onto the chunk is permuted in the retransmission, sub-block 1 and 2 are mapped onto chunk 2,1 of the second antenna, sub-block 3 and 4 are mapped to chunk 2,1 of the first antenna.
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Figure 3  Chunk permutation in HARQ retransmission for SU-MIMO case
Each sub-block uses two chunks of different antenna in the first transmission and retransmission; it will suffer independent fading and obtain diversity gain. The chunk permutation in HARQ retransmission can be realized by other methods and the operation in Figure 3 is just one example. The AMC and HARQ processing on other multiple antenna case is FFS.
2.2. Considerations on channel interleaving

The bit sequence after Turbo coding consists of systematic bits and parity bits. There are two options for channel interleaving. The first scheme is shown in Figure 4, in which the interleaving is done across systematic and parity bits. The second scheme is shown in Figure 5, in which the systematic and parity bits are interleaved separately. The performances of these two interleaving schemes are FFS.
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Figure 4 Interleaving across systematic and parity bits
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Figure 5 Interleaving for systematic and parity bits separately

The outputs of the interleavers are mapped onto modulation symbols in different chunks. For the second scheme, since systematic and parity bits are interleaved separately, we could get specific combinations of systematic and parity bits in constellation pattern by elaborate design. The constellation points could be composed of systematic bits only or parity bits only, or both systematic and parity bits with various orderings. The performances of these constellation combinations are FFS.
3. Conclusion
This contribution presents downlink AMC processing sequence for both single antenna case and one specific multiple antenna case such as SU-MIMO with single codeword in Evolved UTRA. For single antenna case, the chunk-common adaptive modulation and coding rate is regarded as a basic AMC scheme and a chunk mapping permutation in HARQ retransmission is suggested to be used as an improvement. For SU-MIMO with single codeword case, the chunk mapping permutation in HARQ retransmission is also applicable both for the cases of physical and virtual antennas (created using MIMO precoding). Finally, our considerations on channel interleaving are presented for further study.
--- Text Proposal (Section 7.1.2.2 in TR 25.814) ---
---------------------------------  Start of Text Proposal  -----------------------------------------------------
7.1.2.2 Link adaptation 
For the frequency and time domain channel-dependent scheduling, the general transport block processing sequence of downlink AMC is shown in Figure 1. 
There are three kinds of adaptive modulation and coding rate schemes altogether, i.e. (a)chunk-common adaptive modulation and coding rate, (b)chunk dependent adaptive modulation and coding rate, and (c)chunk-dependent adaptive modulation and chunk-common coding rate. For scheme(a), a chunk mapping permutation in HARQ retransmission can be used as an improvement. 
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--------------------------------- End of Text Proposal  -----------------------------------------------------
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Figure 1 Downlink AMC coding chain
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Figure 1 Downlink AMC coding chain
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� The virtual antennas are defined as inputs to a MIMO precoder. Hence, in this case, the number of virtual antennas can be less than the number of physical antennas. In the following we make no distinction and keep the term “antenna” for both cases. 
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