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Introduction

The principle of exploiting the different levels of reliability of the bits mapped onto a 16QAM symbol have been widely discussed. In [1] this technique, which is primarily suited to multipath interference cancellation, was described. In brief, bits are separated into 2 streams the S01 and S23 streams. The 2 bits in each stream are mapped onto equally reliable positions in the 16QAM symbol and bits in the S01 stream have higher reliability than the bits in the S23 stream. 

Each stream is independently channel encoded and has a CRC attached. Due to the different reliability associated with each stream, the S01 stream will become correctly decodable at worse channel conditions than those required for correct reception of the S23 stream and also for the correct reception of the whole block of bits if it had not been separated into streams. The correctly received stream is used to make a very reliable replica which is subsequently removed from the received signal leading to an increase in the SIR for the other stream and a much higher probability that all bits will be correctly received. 

The procedure described above was shown to yield significant link level gains in [1] over a simple multipath interference cancellation procedure. It was also shown in [2] that in a multipath environment, without the use of multipath interference cancellation 16QAM will almost never be employed. Even for very high Eb/No values QPSK continues provides higher throughput and the use of a second reception branch does not alter this trend. Finally [3] showed that even when multipath interference cancellation is not used, bit separation does not adversely affect throughput performance, on the contrary it provides a small gain
.

Bit separation is wholly executed in layer 1 hence no additional requirements are generated for higher layers. In the following sections, the implementation of bit separation in the context of the latest developments in WG1 is described in more detail and its inclusion in TR25.858 is proposed.  

Channel coding - HARQ

A CRC is attached to each stream. Channel coding is done separately in each stream and is identical for the 2 streams. The redundancy versions are also identical for the 2 streams and the separation into streams does not affect the decisions that will be made for IR. The advantage brought by bit separation is the independent handling of the bit mapping and the channel coding processes, no further bit mapping is needed within each stream as bits in the same stream have the same reliability.
UL signaling

As the main benefit of bit separation is in facilitating very effective interference cancellation, a single bit can be used for ack/nack. When either one or both streams are incorrect a nack is sent and both streams are retransmitted after their positions in the symbol are swapped, the S01 bits use the S23 positions on the symbol and vice versa. 

If both streams were in error the swapped mapping balances their overall reliability and maximizes decoding probability. In the event that only the S23 is in error, the swapped mapping boosts this stream’s reliability and additionally the interference of the known bits in the S01 stream can be reliably removed.

A single uplink ack/nack bit is required which means that there are no additional UL signaling requirements
DL signaling

HS-SCCH signaling

As both streams have identical coding, are always part of the same modulation and are on the same codes, there is no additional requirements set on HS-SCCH carried DL signaling.
In-band signaling

Bit separation is not concerned with the content and this procedure is not visible from a higher layer perspective. No requirements are set on inband signaling.

There are no additional requirements for DL signaling

Procedure for interference cancellation
The stream that was correctly decoded, is re-encoded and re-spread and its replicas removed from the received signal. In almost all of the cases, if only one stream is correctly decoded it is the S01 stream. After the removal of the S01 replica, the S23 stream is again decoded and if the CRC check is OK an ack is sent to Node B, otherwise a nack. A maximum of two iterations will be executed. 

An amendment to this basic procedure relies on the fact that the S01 stream will most probably contain a reasonably large number of bits that are correct even when the S01 stream as a whole fails. It is thus beneficial to make replicas of only those bits (info or parity) in the S01 stream for which the distance from the decision threshold exceeds a certain value attributing them with a high probability of being correct. These partial replicas are made at the same point as in conventional MPIC, after the RAKE receiver and the hard decision stage (before FEC).

Replica removal process

The correctly received bits are re-encoded and re-spread leading to a new lower constellation symbol, this is multiplied with the channel estimate for each path and subtracted from the relevant path during the detection process for the as yet incorrectly received stream.

Figure 1 shows the 4 possible positions of the replicas when S0 and S1 are known and the rearranged and reduced constellation after removal. The reduction in the interfering power is 80% which significantly increases the chances of stream S23 being correctly decoded. The figure of 80% is the difference between the average power of the original constellation and the average power of the replica’s.

In some of the cases, noise will cause a symbol to appear in the wrong part of the constellation. That this is the case will be known from the value of the bits already correctly decoded. In that case performance improvement can be seen during the replica removal process the original symbol is moved onto the nearest I or Q decision threshold.
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Figure 1: Replica subtraction for 16QAM when S0 and S1 are known 
Conclusions

A technique has been proposed which is divorced from the IR discussions and does not require any additional signaling on the uplink or the downlink. Bit separation utilizes bit reliabilities in a simple and efficient manner with no further bit mapping procedures required.

Whereas when multipath interference is not used, bit separation does not incur any no loss in performance, when multipath interference cancellation is employed there is substantial gain compared to all bits being encoded as one block.

It is proposed that the bit separation procedure is included in TR25.858
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Text proposal for TR25.858
4 Channel Coding and Modulation for HS-DSCH

5.1 CCTrCH and transport channels

There is only one CCTrCH of HS-DSCH type per UE.  If there are several HS-DSCH transport channels in an HS-DSCH CCTrCH, the transport format combinations are configured in such a way that for any transport format combination, there is a maximum of one transport channel having a transport format with one or more transport blocks. There is no need to balance the quality between several transport channels.  As such, there is no need for static rate matching parameters.  As for the DSCH of Release-99, flexible positions are assumed.
5.2 Bit separation for 16QAM

Bits are separated into 2 streams, namely S01 and S23.  After each stream is encoded separately and has a CRC appended, the bits from each stream are mapped onto predefined positions within a 16QAM symbol. The bits in the S01 stream occupy the 2 most reliable positions in each symbol, and the bits in S23 occupy the least reliable positions in each symbol.

The following diagram gives an overview of this procedure. 
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5.3 Transport block concatenation and code block segmentation

The same transport block concatenation and code block segmentation as in Release-99 is used for HS-DSCH. Transport block concatenation is performed before CRC attachment 
When 16QAM is used after block concatenation bit separation is performed. Transport block concatenation will result in a single block of N bits. If N is an even number, the first N/2 bits are assigned to the S01 stream and rest are assigned to the S23 stream. If N is an odd number the first int(N/2)+1 bits are assigned to the S01 stream and the rest plus one dummy bit with value 0 are assigned to the S23 stream.
The maximum code block size for turbo coding is 5114.

5.4 CRC Attachment

A CRC of size 24 bits is calculated and added per stream per HS-DSCH TTI.  The CRC polynomial is defined in 3G TS 25.212.

5.5 Channel Coding 

HS-DSCH channel codinguses the existing rate 1/3 Turbo code and the existing Turbo code internal interleaver, as outlined in 3G TS 25.212. Other code rates are generated from the basic rate 1/3 Turbo code by applying rate matching by means of puncturing or repetition.
When 16QAM is used, channel coding is performed independently for each stream.
5.4.1 Channel Coding for Control Channels 

Defined in Section 9.1 and 9.2.  

5.4.2 Physical Layer Channel Coding Chain 

Figure 2 depicts the channel coding and physical layer mapping chain for HS-DSCH.  
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Figure 2. Transport Channel Coding Structure for HS-DSCH, 16QAM left, QPSK right
5.5 Rate Matching

Rate matching is used to match the data rate at the output of the channel coder to the total rate of the HS-DSCH physical channels. No extra signalling is needed to indicate the amount of rate matching since the semi-static transport block size, the transport-block-set size, the modulation scheme and the number of physical channels define the amount of rate matching.   It may be noted that the details of the Rate Matching/IR block in Figure 2 is for FFS.
5.6 DTX indication bits

DTX insertion is not employed. Since only one transport channel per TTI is supported, the rate-matching algorithm is used to fill the available physical resource, instead of using DTX insertion.

5.7 Interleaving


Since the HS-DSCH TTI is static, only one interleaving (corresponding to Release-99 2nd interleaving) is needed. The interleaver has to be adapted to 3 slots.

For TDD, interleaving adaptation has to be done to the HS-DSCH TTI length.

5.8 Physical channel mapping

The bits can be mapped to multiple physical channels in the same way as in release'99.

�It should be noted that the simulation results referenced have been for one slot TTI and 2 bits ack/nack signaling. The effect of the reduced Turbo code block sizes and the additional CRC has been taken into account in deriving the throughput results. 
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