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1. Introduction
In this paper, we discuss the following open issues in channel coding: handling of hybrid ARQ processes, redundancy version definition for reduced signaling overheads, and soft combing schemes.

2. Handling of hybrid ARQ processes

The number of hybrid ARQ processes should be selected as small as possible to minimize the delays associated with hybrid ARQ retransmissions. At the same time, a too small number may not be feasible to implement. Thus, there is a trade-off between these two requirements.  Detailed analysis on the number of HARQ processes for both FDD and TDD is presented in [2].  We found it is necessary to support a range of numbers of HARQ processes to cope with different cell sizes in FDD and UL/DL allocations in TDD.

2.1. Soft buffer memory size

In HSDPA, UE memory limitations are handled by using two-stage rate matching, where the first rate matching stage performs puncturing of the coded bits taking the soft buffer memory into account. The second stage operates on the output from the first stage and is used to generate the different redundancy versions. Although two-stage rate matching successfully addresses the problem of not transmitting more bits than can be stored in the soft buffer in the UE, testing of the implementation can be cumbersome [3] [3]due to the large number of combinations of puncturing patterns resulting from the use of two independent stages. Furthermore, a single-stage rate matching scheme also simplifies the network operation as the scheduler does not have to keep track of different capabilities in different UEs.

For the uplink, the soft buffer resides in the eNodeB. As the scheduler is located in the eNodeB and the memory restrictions are less pronounced than in the UE, there is no need for a two-stage rate matching mechanism in the uplink.

For the downlink and UE categories supporting low-to-medium data rates, the amount of UE soft buffer memory required is not a major issue and the circular rate matching scheme can be straightforwardly adopted and incremental redundancy used all the way down to the mother code rate of 1/3.  For the downlink and high-end UEs handling 100 Mbit/s downlink transmissions, the soft buffer size may become significant and a mechanism to limit the amount of soft buffer memory used for the highest data rates may be necessary. 

In case of TDD, the number of processes depends on the UL/DL allocation. The same strategy as for high-rate downlink transmission in FDD can be used for TDD, although the data rates beyond which such a mechanism is needed may be different than for FDD. 
Proposal: Single-stage rate matching is the basis for hybrid-ARQ in LTE.  For the largest transport block sizes supported by LTE in the downlink, a small number of configurations limiting the amount of soft buffer memory are supported. 

2.2. Division between processes
The amount of soft buffer memory at the receiving end (UE in the downlink and eNodeB in the uplink) is limited and the larger the number of hybrid-ARQ processes, the smaller the amount of memory per process given a certain total buffer size. In HSDPA, the soft buffer memory can be unevenly split among the different hybrid ARQ processes. This is not seen as necessary and to simplify the structure for LTE, it is proposed to split the soft buffer memory evenly among the hybrid ARQ processes.  

Proposal: The soft buffer memory is evenly split among the hybrid-ARQ processes.

2.3. Handling of different number of hybrid-ARQ processes

Handling (a small degree of) configurability in the number of hybrid ARQ processes is proposed to be handled by relying on limiting the maximum transport block set size possible to transmit in a TTI. The soft buffer memory in the UE is selected to allow for a nominal number of hybrid-ARQ processes 
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 is the mother code rate. This is the typical case of operation in most cells. The amount of soft buffer 
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, it is proposed to limit the maximum transport block set size to 
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. This ensures that the receiver still can buffer all the bits transmitter may transmit. The peak data rate is reduced when the number of hybrid-ARQ processes is increased, but as an increase in the number of hybrid ARQ processes mainly is motivated by large cell ranges, the data rates are often already limited by the available link budget and the reduction in data block size does not cause any further restriction. 
Proposal: Supporting a number of hybrid-ARQ processes larger than the nominal value in FDD is handled by reducing the maximum allowed transport block set size to keep the total amount of soft buffer memory constant
3. Redundancy version definition for reduced signaling overhead

In order to minimize signaling overheads, a reduction of new data indicator (NDI) and redundancy version (RV) bits from 4 to 2 bits was suggested [4] and accepted in Rel7.  The same approach can be adopted in LTE to reduce signaling overheads.  The basic idea is to use RV=0 only for the 1st HARQ attempt or as a buffer flush command.  The other three redundancy version 1, 2 and 3 can be used in all retransmission attempts.  The implication of this approach on the residual HARQ error rates is analyzed in [5] and [6].  

It is proposed to define the starting points of these RVs uniformly across the circular buffer while allowing retransmission of the systematic RV as shown in Table 2.

Table 1 Starting points of RV definition options.  The code block size is denoted by K.

	RV
	Current Starting Point
	Proposed Starting Point

	0
	(K/32((2
	(K/32((2

	1
	(K/32((26
	(K/32((2

	2
	(K/32((50
	(K/32((34

	3
	(K/32((74
	(K/32((66


Proposal: New data indicator (NDI) and redundancy version (RV) are combined to reduce signaling overhead.
4. Soft combining scheme

In HSDPA, both incremental redundancy and constellation rearrangement is supported.  Focusing on incremental redundancy also reduced the amount of options and the associated testing. This was also the motivation behind choosing incremental redundancy as the main mode of operation for enhanced uplink. For 16QAM, constellation rearrangement provides small gains against increment redundancy only for code rates in the range of 1/3 to 1/2.  For 16QAM with code rate higher than 1/2 and 64QAM with any code rate (shown in Figure 1), incremental redundancy provides significantly higher gains.  It is concluded the small gains of constellation rearrangement for limited cases do not justify the additional implementation complexity, signaling overheads, processing delays and testing costs.

Proposal: Incremental redundancy is the basis for the LTE hybrid-ARQ scheme.  Constellation rearrangement is not to be used for LTE.
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(a) Comparison at 2nd transmission
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(b) Comparison at 3rd transmission
Figure 1: Performance comparison between incremental redundancy (red lines) and Chase combining with constellation rearrangement (blue lines) for 64QAM with difference code rates r.  AWGN channel is assumed.

5. Conclusion

The following conclusions are proposed:

· Single-stage rate matching is the basis for hybrid-ARQ in LTE

· For the largest transport block sizes supported by LTE in the downlink, a small number of configurations limiting the amount of soft buffer memory are supported.
· The soft buffer memory is evenly split among the hybrid-ARQ processes

· Supporting a number of hybrid-ARQ processes larger than the nominal value in FDD is handled by reducing the maximum allowed transport block set size to keep the total amount of soft buffer memory constant
· The NDI and RV are combined to reduce signaling overhead

· Incremental redundancy is the basis for the LTE hybrid-ARQ scheme

· Constellation rearrangement is not used for LTE
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