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1.0 Introduction

In this contribution we compare the IR schemes proposed in [1], [2], [3]and [4] by Ericsson, TI, Siemens and Motorola respectively.

2.0 Discussion of various IR schemes

2.1 Ericsson’s IR Scheme

This scheme is outlined in [1].  The scheme is based on Rel-99 Rate Matching technique.  It uses two stages of rate matching where the first stage is used to match the amount of coded bits to the UE buffering capability and the second stage is used to generate the different redundancy versions.  It may be noted that the first stage will be bypassed in case the UE has full buffering capability.  The scheme supports only two redundancy versions though it is unclear if the second redundancy version supports instantaneous
 coding rates less than ½.  The first redundancy version contains systematic bits and some redundancy bits while the second redundancy version generally contains only the parity bits.  Accordingly, instantaneous coding rates less than unity for the first redundancy version (encountered, for example, when a smaller than original number of codes are used) are not supported. The effective code rate achieved by this scheme in the case of equal sized transmissions is close to, but does not equal, the lower bound.  This scheme can support Chase, Partial Chase and Full IR and the redundancy versions are explicitly signaled.  Finally, the proposal does not include any symbol re-mapping or DTX insertion.

2.2 TI’s IR Scheme

This scheme is described in [2].  The scheme also uses two stages of rate matching as in [1].  The rate matching is done as per Rel-99 specifications (25.212).  However, this scheme supports three redundancy versions in the second stage as opposed to two supported in [1] and results in imbalanced turbo code component codewords.  The algorithm for generating these redundancy versions differs from [1].  The effective code rate achieved by this scheme is also close to the lower bound as in [1].  This scheme can support Chase, Partial Chase and Full IR and the redundancy versions are explicitly signaled.  Finally, the proposal does not include any symbol re-mapping.

2.3 Siemens’ IR Scheme

The details of the proposal can be found in [3].  This proposal is also based on Rel-99 rate matching techniques.  In [3] only IR with self-decodable retransmissions (Partial IR) is considered although it is claimed that the scheme can easily be configured for full IR.  The number of redundancy versions in this scheme can be adapted based on the effective code rate.  This scheme can support Chase and Partial IR and the redundancy versions are explicitly or implicitly signaled.  The Full IR and implicit signaling are FFS.  In addition the scheme supports symbol re-mapping.

2.4 Motorola’s IR Scheme

The proposal is described in [4].  The proposal uses Rel-99 block interleaving approach to generate the various redundancy versions as opposed rate matching approach proposed in the other three proposals.  The scheme has the following attributes:

· flexible and fine-grained support of predefined redundancy versions at each transmission with progressive reduction in effective coding rates, 

· support for Full and Partial forms of both Chase combining and IR

· re-use of a significant number of symbol interleaving and permuting structures from the Release 99 specification, with associated reduction in UE engineering effort, and

· support for systematic bit priority mapping onto the most reliable QAM constellation component bits.

The effective code rate achieved by this scheme matches exactly with the lower bound.  The proposal can support up to eight redundancy versions which is explicitly signaled.  Three bits are required to signal the eight redundancy version and one bit is required to signal the reversal of low and high priority bits in the Bit Priority Mapper (BPM) resulting in a total of four bits.  However, the number of bits can be reduced to 2 if the number of redundancy versions is cut down by half and no provision for reversing the low and high priority bits is provided.

3.0 Comparison between the four IR schemes

All the proposals in large part, support the following features:

1) IR is implemented by simply re-using the Rel'99 rate matching algorithm or Rel’99 block interleaving, i.e., it is suggested no additional functionality is needed, and

2) Highest possible compatibility with Rel'99, i.e. it is claimed that little engineering effort is required to develop these aspects of the UE.

3) All the schemes can easily be configured to result in Chase combining, partial or full IR.  However, the details are missing from the Siemens proposal on their method to support full IR with equal or unequal size re-transmissions.

4) The modulation can be changed between re-transmissions of the same transport block in all the proposals.  Same comment as in (3) applies for the Siemens’ proposal.

 In view of the above, there is no significant difference between the proposals either in development effort, ASIC block re-use, etc.  The main difference between [1]
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[2] and [4] is the efficient use of bit priority mapping in [4] which gives a significant gain for some coding rates as shown in Figure 1 and [5].

In [3], it is claimed that by using the Rel'99 rate matching algorithm an optimum performance for the initial transmission is guaranteed (i.e. optimum choice of transmitted parity bits) in contrast to implementations that use block interleaving.  It is not necessarily true that the Rel'99 rate matching gives optimum performance for the initial transmission.  As shown in Figure 2, there is absolutely no performance loss between the block interleaving and rate matching approach.  However the block interleaving approach combined with symbol re-mapping performs better than the other scheme at lower values of Ior/Ioc.  Further it is also claimed that the technique in [3] ensures coordinated interleaving and SMP, thus preventing sub-optimal results that may occur if IR functionality, interleaving and SMP mapping are not coordinated.  However, it is not clear that how the co-ordination is guaranteed between transmissions in the Siemens proposal.  It may be noted that coordinated interleaving is achieved in the Motorola proposal through explicit signaling.  It was pointed out that the proposal in [3] allows implementation of IR and SMP "on the fly" (i.e. with low buffer requirements) in contrast to schemes based on block interleaving and array-based SMP algorithms.  This claim seems to be insignificant since the only reduction in memory size would presumably be at Node-B's that decline to store a full-rate encoded sequence in anticipation of the potential need to re-transmit (using a new redundancy version). Alternatively, "on the fly" can be used, but presumably this approach has the disadvantage of extra time delay (since continuous re-encoding is required for each transmission).  Finally, it is not clear that how the systematic bits is mapped into high and low priority positions in [3].

Figure 3 shows the effective code rate as a function of the initial code rate for the above four schemes assuming full buffering.  It may be observed from the plot, that Siemens proposal is way above the lower bound since it uses partial IR.  This is expected since the effective code rate does not change significantly between retransmissions in a partial IR scheme.  The TI and Ericsson’s proposal follows closely the lower bound while Motorola’s proposal is the lower bound thus achieving the maximum possible coding gain for the full IR.  This is due to the fact that in all rate matching schemes one cannot guarantee transmissions of unique parity bits as opposed to the block interleaving approach of Motorola which also guarantees equal distribution of parity bits.  Figure 4 compares the FER vs. Ior/Ioc for the Motorola and Ericsson’s scheme for the 1st and 2nd re-transmission.  It may be observed from the figure that Motorola scheme performs better than the Ericsson proposal because of the sub-optimality of the R-99 rate-matching algorithm in the first transmission and the higher effective code rate in the second re-transmission.

Table1 summarizes the four schemes.

Table 1. Comparison of the four IR schemes

	Features
	Ericsson
	TI
	Siemens
	Motorola

	Two stage rate matching
	Yes
	Yes
	No
	No

	Rate matching with SMP
	No
	No
	Yes
	No

	Block interleaving with BMP
	No
	No
	No 
	Yes

	Full IR
	Yes
	Yes
	No?
	Yes

	Partial IR
	Yes
	Yes
	Yes
	Yes

	Chase
	Yes
	Yes
	Yes
	Yes

	Code Rate after 2nd Tx
	Sub-optimal
	Sub-optimal
	Sub-optimal
	Lower bound

	Reuse Rel-99 RM
	Yes
	Yes
	Yes
	NA

	Reuse Rel-99 Block interleaving
	NA
	NA
	NA
	Yes

	Number of Redundancy vsn’s
	2
	3
	3 (max)
	8 (can be 4)

	Number of bits required for IR
	1
	2
	2
	2, 3 or 4

	Throughput Performance
	2nd Best
	2nd Best
	Lowest
	Best


4.0 Conclusions

The four IR schemes were analyzed in this contribution.  Based on the data presented it can be concluded that the Motorola’s proposal provides the maximum flexibility as well as superior throughput performance compared to the other schemes.  However, the number of bits required to provide such flexibility is slightly higher or comparable to the other schemes (2-4 bits).  
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Figure 1. Spectral Efficiency for N=960, R=1/2, 16-QAM, AWGN Channel.

[image: image2.wmf]
Figure 2. Spectral Efficiency comparison for N=1152, R=0.6, 16-QAM, Flat Fading Channel @ 3 kmph.
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Figure 3. Effective code rate as a function of the initial code rate for the four schemes assuming full buffering capacity of 4500 coded bits (1500 systematic and 3000 parity)
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Figure 4. Performance comparison of the Ericsson and Motorola Scheme












































































































































































































































































































































































































� Where the “instantaneous codeword rate” is the rate of a codeword transmitted in a specific TTI





PAGE  
5

