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This document contains a method of performing Chase combining with unequal size transmissions. Like Chase combining, it provides a simple way to achieve the benefits of Hybrid ARQ. In addition, it allows for flexible retransmissions due to code space changes from legacy voice and data traffic. Partial Chase combining can also be configured to allow MCS changes, if necessary.

1. Introduction

Hybrid ARQ (HARQ) has been shown to provide advantages in system throughput, and to make the system robust to modulation and coding scheme (MCS) selection errors. Chase combining is the simplest form of HARQ – retransmissions are simple repetitions of the initial transmission. A Chase HARQ decoder is easier to implement than a full incremental redundancy (IR) HARQ decoder, because the joint transmission decoder for Chase combining consists of a single soft storage buffer and soft combiner followed by the decoder that was used for the first transmission.  For IR, soft storage must be provided for each transmission (no combining), and the joint decoder must process all received data. 

Unfortunately, Chase HARQ has the potential disadvantage that every retransmission is the same size of the original. With certain combinations of legacy traffic (voice, Rel-99 DSCH channel data) the OVSF code space may change and cause current HARQ transmissions to abort because of insufficient code space for further retransmissions. Similarly, changes in the code space may provide additional code resources that a current user cannot take advantage because of the equal size retransmission requirement. 

This document contains a method of performing Chase combining with unequal size transmissions. It allows for flexible retransmissions due to code space changes from legacy voice and data traffic. In addition, like Chase combining, it provides a simple way to achieve the benefits of Hybrid ARQ.

2. Overview

The impact of Chase HARQ within the transmitter / receiver chain is primarily at the receiver, in the form of a soft combiner and a soft buffer. Partial Chase HARQ seeks to obtain the benefit of variable size transmissions with the minimal implementation impact. 

A portion of the current transmitter / receiver chain is shown in Figure 1. The channel encoder/decoder may include functions such as CRC coding and rate-matching as well as forward error correction (FEC) coding with a turbo, convolutional, BCH, or other code (including adding tail bits, if any). The modulator / demodulator can include QPSK, 8PSK, MQAM, or other modulations, as well as OVSF code demultiplexing and spreading.  Note that normal (full, non-partial) Chase combining is not shown in the figure, and can occur either before or after the deinterleaver in the receiver. 
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Figure 1.  Current transmitter / receiver chain

The new transmitter / receiver chain is shown in Figure 2. The new functionality is a partial Chase encoder in between the interleaver and modulator, and a partial Chase pre-combiner between the demodulator and deinterleaver. The partial Chase encoder truncates or expands the interleaved data as a function of available channel resources (e.g., Walsh codes, MCS). The partial Chase combiner processes the received data based solely on the number of codes and modulation received (i.e., predetermined, with no additional signaling is required). If the received retransmission is smaller than the first transmission, only a portion of the soft bits are combined, and if it is larger some values of the stored first transmission are combined with more than one received soft bit in the retransmission. The deinterleaver and channel decoder can then operate as normal for the receiver. 
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Figure 2.  Transmitter/Receiver chain with partial Chase encoder/combiner

3. Transmitter Procedure

An example of full Chase encoding is shown in Figure 3, where the same number (e.g., 8) of code resources are available on a retransmission. If the available number of code resources decreases, the retransmission cannot be scheduled. If the available number of resources increases, the extra resources cannot be used for the retransmission. The same modulation must also be used for the retransmission. 
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Figure 3. Full Chase encoding, same resources available for retransmission

With partial Chase combining, if available resources do not change for the retransmission and the same MCS is desired, the partial Chase encoder allows the entire interleaved block to be retransmitted, just like the full Chase encoder. However, in contrast to the full Chase encoder can handle changes in the available resources or desired modulation.

If the resources available for the retransmission are less than the original transmission, the partial Chase encoder will select an appropriately sized pre-determined (so no additional signaling is necessary) portion of the interleaved bits/symbols. Because it occurs after interleaving, the portion of the interleaved bits is simple to select.

Figure 4 contains an example of partial Chase encoding with 8 code resources used for the first transmission (Nres1 = 8). For the re-transmission, only 5 codes (Nres = 5) are available due to changes in the available Walsh space. The desired modulation order m (m=log2 M  bits per symbol) is unchanged (m=m1). If the initial transmission had 80 encoded interleaved data bits (10 bits per code, bits 1-10 on the first code resource, bits 11-20 on the second code resource, etc), the retransmission repeats 50 bits on the five available codes (bits 1-10 on the first code resource, etc). On a second retransmission with 5 available codes, bits 1 to 50 can be sent again, but it is desirable to send the bits that have not yet been resent to ensure performance at least as well as full Chase. In the case of 5 available codes on the second retransmission, 50 bits are sent on the five available codes (bits 51-60 on the first code resource, bits 61-70 on the second code resource, bits 71-80 on the third code resource, bits 1-10 on the fourth code resource, and bits 11-20 on the fifth code resource). In this manner, the partial Chase combining is guaranteed to achieve the residual frame error rate performance of full Chase combining when the same total number of codes has been sent and the same modulation is used. 
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Figure 4. Partial Chase encoding, fewer resources available for retransmission

Partial Chase encoding also allows the modulation order to change. Figure 5 contains an example where the desired modulation changed from QPSK to 16 QAM, and the code space went from 8 codes to 3 codes. Because 16 QAM is twice as spectrally efficient as QPSK, a single 16 QAM code can carry the same information as 2 QPSK codes. While all combinations of modulation order change and code resource change can be handled with the partial Chase encoder, combinations with Nres1*m1/m an integer are most efficient. The first 16 QAM code of the retransmission repeats the interleaved encoded bits on the first 2 QPSK codes of the first transmission. If the initial transmission had 80 encoded interleaved data bits (10 bits per code, bits 1-10 on the first code resource, bits 11-20 on the second code resource, etc), the retransmission repeats 60 bits on the three available codes (bits 1-20 on the first code resource, bits 21-40 on the second code resource, and bits 41-60 on the third code resource).
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Figure 5. Partial Chase encoding, change in MCS

If the available Walsh space increases, it may be desirable to increase the code resource usage of the retransmission. This may happen in conjunction with a desired change in the modulation order for the retransmission (e.g., 16 QAM to QPSK). Figure 6 shows 3 codes to 8 codes with a change in modulation from 16 QAM to QPSK. Because QPSK is only half as spectrally efficient as 16 QAM, 2 QPSK codes are required to carry the same information as a single 16 QAM code. The final two QPSK codes are a repeat of interleaved encoded bits on the first 16 QAM code of the first transmission. If the initial transmission had 60 encoded interleaved data bits (20 bits per code, bits 1-20 on the first code resource, bits 21-40 on the second code resource, etc), the retransmission repeats 80 bits on the eight available codes (bits 1-10 on the first code resource, bits 11-20 on the second code resource, bits 21-30 on the third code resource, bits 31-40 on the fourth code resource, bits 41-50 on the fifth code resource, bits 51-60 on the sixth code resource, bits 1-10 on the seventh code resource, and bits 11-20 on the eight code resource).
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Figure 6.  Partial Chase encoding, more resources available for retransmission, change in MCS.

4. Receiver Procedure

The three transmitter examples in Figure 4 to Figure 6 are continued in Figure 7 to Figure 9 at the receiver, with the unit of area in the figures now demodulated soft values (e.g., bit LLRs) instead of interleaved encoded bits. 

Figure 7 contains partial Chase combining with fewer resources available on a retransmission. If the initial transmission had 80 encoded interleaved data bits, the receiver combining buffer (cbuf) will contain 80 bit LLRs. The received buffer (rbuf) contains 50 bit LLRs. The partial Chase combiner will combine (add in the case of LLRs, max-ratio combine with demodulated soft values) the contents of rbuf with the first 50 bit LLRs in cbuf. In the case of 5 available codes on the second retransmission, the received buffer (rbuf) again contains 50 bit LLRs. Bit LLRs 1 to 30 in rbuf are added to the combined bit LLRs 51 to 80 in cbuf, and bit LLRs 31 to 50 are added to combined bit LLRs 1 to 20 in cbuf.
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Figure 7.  Partial Chase combining with fewer resources on the retransmission.

Figure 8 contains partial Chase combining with a change in MCS, and Figure 9 contains partial Chase combining with more resources on the retransmission and a change in MCS. In all cases, the size of the required partial Chase combining buffer at the receiver is determined by the first transmission. The contents of the combined bit LLR buffers are shown after the first retransmission. The ‘+’ notation denotes max-ratio combining (averaging for equal gain) of the demodulated soft values, or simple addition if bit LLRs are provided as part of the demodulation process. The ‘1/2’ notation is used to indicate using the first or second half portion of the currently received bits on a code that has a higher modulation order. 
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Figure 8.  Partial Chase combining, change in MCS.
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Figure 9.  Partial Chase combining with more resources available for retransmission, change in MCS

Because repeated bits are spread uniformly throughout the systematic and parity positions of the turbo code, any vulnerability (or benefit) to repeating certain bit positions over others is eliminated. For particular types of service, the repetition could be tailored to repeat certain bit positions to provide a small (0 to 0.3 dB additional gain). Custom application of repetition is more complicated to implement.

5. Performance

The performance of full Chase and partial Chase was simulated using the downlink simulator.  The simulation was done for an initial transmission of QPSK R=3/4 code with 1 code.  The maximum number of transmissions for both full and partial Chase was set to 2.  In case of partial Chase only half of the channel symbols are combined at the receiver for the re-transmission.  The results should extend to both a larger number of initial codes and different fractions of codes on additional transmissions.

Figure 10 shows the decoded FER vs. Eb/Nt (Ec/Ior=-1dB) for full Chase, partial Chase and no HARQ cases for the static channel.  It may be observed that the full Chase performance is 3dB superior to a system supporting no HARQ (as expected) while the performance of the partial Chase lies in between the two cases.
  Overall, a smaller number of codes in a retransmission gives proportionally less gain, and larger number of codes gives proportionally more gain. The uniform behavior is expected because the repeated bits are spread uniformly throughout the systematic and parity positions of the turbo code.
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Figure 10. FER vs. Eb/Nt comparison

6. Implementation Variants

The above description is generic; some variants include:

· The interleaved encoded data can be stored after the first transmission for a potential retransmission, or regenerated at the time of retransmission.

· The partial Chase combiner can be separated into a partial Chase pre-combiner and a Chase combiner. This may be useful if the current Chase combining is performed after the deinterleaver. In this case, the partial Chase pre-combiner creates a soft block the same size as the deinterleaver fully operates on. If the retransmission is smaller, null (soft zero) symbols are filled, and if the retransmission is larger, some of the soft received values are (pre)combined. Both operations happen in a pre-determined manner given the received modulation (MCS) and number of codes. 

· In systems with higher order modulations, partial Chase combining can be performed on a symbol (not bit LLR) basis, just like Chase combining. However, the modulation must be restricted not to change between retransmissions.

· In systems with higher order modulations, partial Chase encoding can be performed on the interleaved encoded symbols after QPSK, QAM, etc modulation, just like Chase encoding. However, the modulation must be restricted not to change between retransmissions. 

· If the actual codes (as opposed to logical code numbers of the code resources) used for retransmission are the same as the codes used for the first transmission (e.g., first transmission of 8 codes used codes 7 to 14, and retransmission of 5 codes uses codes 7 to 11) the spread encoded data can be used by the partial Chase encoder. However, this requires more storage.

· The receiver has the option of separately decoding the received data before combining and jointly decoding, if necessary. This can only be successful if the received data is self-decodable; with partial Chase combining, a self-decodable block is only guaranteed if Nres*m >= Nres1*m1.

7. Conclusion

The performance of the partial Chase is acceptable: changes in code space for retransmissions offer gains proportional to full Chase. Therefore, a system using partial Chase retransmissions is robust to code space changes. The implementation is as simple to perform as full Chase combining at the receiver. The method can also be used to allow changes in MCS, if necessary.
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� For a given Eb/Nt, using only a single transmission instead of up to two full transmissions (full Chase) requires twice as much power (3 dB) to achieve the same residual FER. For partial Chase, it is observed that to achieve the same residual FER as full Chase with only a half-size retransmission requires an additional 10log1.5=1.76 dB of power.
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