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1. Introduction

This document discusses choices for non-adaptive HARQ operation in LTE UL. In the non-adaptive HARQ mode, there is no explicit signaling of a Redundancy Version (RV) in the UL grant. Therefore, the UE and eNB have to implicitly know the RVs used for the initial and the subsequent transmission of bits from the circular buffer. (A Redundancy Version points to a starting location in the circular buffer from which bits can be read out for transmission.).

The current spec 36.212 has four RVs (RVidx=0,1,2,3, or sometimes referred to as RV0,RV1,RV2,RV3) defined for HARQ operation. These four RVs have starting addresses in the circular buffer given by 
   RVaddridx =  Rcb((24( RVidx + 2),



        ( LISTNUM equat \l1
where Rcb is the number of rows in the sub-block interleaver used for the code block under consideration. These correspond to the address of the top of 2nd, 26th, 50th and 74th columns in the matrix representation of the virtual circular buffer.
2. RV definition for UL
The rate-matching in LTE based upon the virtual circular buffer is performed on a per-code block basis. Following are some options available to modify the starting points of the retransmissions for non-adaptive HARQ.  In all of the following options, the first transmission begins with RV 0 (top of 2nd column in circular buffer).
Option 1 : No change to current spec 36.212 RV definitions, four starting points in the circular buffer are available. The following RV sequence can be used for the retransmissions - RV1, RV2, RV3, RV0, RV1,…. This is shown in the figure below For simplicity, the CB is shown as having 36 columns, and the four equally spaced RVs starting at R((9(i+2) . (Dark squares represent the valid RV starting positions). 

[image: image1.emf]1st Tx Begin 

(RV0)

2nd Tx Begin 

(RV1)

3rd Tx Begin  (RV2)

4th Tx Begin 

(RV3)


This is the simplest choice as the RV definitions in the current spec are unchanged (for both adaptive and non-adaptive HARQ). However, additional modifications shown below can be considered for non-adaptive UL HARQ. 
Option 2 : No change to 36.212 RV definitions, but the RV sequence are for retransmissions is selected base on the code rate, thus leading to slightly better performance than Option 1. Thus, the subsequent transmission can begin at the next nearest RV in the circular buffer. This is shown in the following figure where the RV sequence is RV0, RV2.
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Simple rules for RV sequence may be used to avoid lookup tables storing RV sequences for given transmission code rates (e.g., R=0.67, RV sequence = (0,2,0,2)).
Option 3 (EV-DO-like) : In this approach, the subsequent transmissions begin where the previous transmission ended in the circular buffer. For instance, this is illustrated below wherein the 2nd Tx begins where the 1st Tx ended. This option is attractive in that it provides a true IR operation, but a main drawback is that it requires the starting point co-ordinates to be stored for each code-block separately.
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Option 4 (similar to [2]): In this approach, Option 3 is simplified to reduce complexity (as shown in the figure below). The subsequent transmission begin at the top of the column (ncol + 1) if the current transmission ended in column # ncol in the circular buffer. This method is also suitable for IR operation (with expected performance close to Option 3). To avoid gaps in the circular buffer, subsequent transmissions can begin at the top of the same column in which the current transmission ended. 
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3. Discussion 

For Options 1 and 2, the current 36.212 RV definitions remain unchanged for both adaptive and non-adaptive HARQ. For Options 2 and 4, it may be necessary to find the RV sequence or the starting point of subsequent transmissions for each code block separately, leading to additional complexity. This may be avoided by further simplifications, e.g., by choosing a common RV sequence for all code blocks (see Appendix).
4. Conclusions

Various choices for selecting starting points for retransmissions in the circular buffer for UL HARQ operation are discussed. Options 1 and 2 are attractive choices since the current 36.212 RV definitions remain unchanged for both adaptive and non-adaptive HARQ. Due to the slight performance benefit, Option 2 is recommended for RV enhancement of UL non-adaptive HARQ for LTE.
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Appendix
The following describe simple ways of defining the RV sequence for UL non-adaptive HARQ for the options discussed above. 
Option1 : the RV sequence in this case can be represented using the following relation (starting from i = 0, 1st Tx). 
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Option2 : Assume Ecb1 denotes the number of bits read from the circular buffer and Rcb1 denotes the number of rows in the circular buffer for the first code block, the following defines a very simple RV sequence, assuming RVseq(0) = 0. 
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where 
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 (can be approximated to ceil or floor ). Although the delta value can be optimized for each code block, for simple operation, the first code block can be be used as the basis for finding the RV sequence. Thus, lookup tables can be avoided. 
Option 4 : Instead of defining an RV sequence, the RV starting address for the ith transmission in the circular buffer can be directly set using the following equation 
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 (can be approximated to ceil or floor ), where Ecb1 denotes the number of bits read from the circular buffer and Rcb1 denotes the number of rows in the circular buffer for the first code block. Although this delta value can be optimized for each code block, for simple operation, the first code block should be used as the basis.
It is recommended that for Options 1 and 2, same RV number (e.g., fixed 
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value in (3)) is used for all code blocks in a transport block and for Option 4, the same number of columns (e.g., fixed 
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 in (4)) is used for all code blocks in a transport block.
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