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1. Summary
In Athens meeting, the way forward on PDCCH contents R1-073870 indicates that there are two approaches for defining retransmission sequence number (RSN) for downlink scheduling assignment [2]. 
· Approach 1: RSN (2bits) doubles as new data indicator (=0 indicates new data, >0 indicates retransmission) and redundancy version.

· Approach 2: Separate new data indicator (1 bit) and redundancy version (2 bits)

The redundancy version (RV) definition currently incorporated in 36.212 [1] is defined assuming Approach 2, where the new data indicator (NDI) is a separate bit from the 2 bits for RV (as in HSDPA [3]). While Approach 2 is preferable for incremental redundancy (IR) HARQ performance (i.e., more RVs), Approach 1 was suggested to save 1 bit in PDCCH. This contribution discusses the ways to modify the current RV definition slightly for better IR HARQ performance for the case of Approach 1. 
It is recommended that in case of Approach 1, four evenly distributed RVs be defined, where each RV starts at a column top in the circular buffer of matrix format, as in 36.212 [1]. The distance between RVs may be increased, for example, to 28 columns. 
2. Current Definition
Currently, 4 redundancy versions (RVs) are defined for HARQ operation. In the circular buffer of matrix format (after sub-block interleaving, before dummy bits removal), RVi starts at column index 24i+2, i=0,1,2,3, as illustrated in Figure 1. While RV0 is expected to be used for the initial transmission, it is not necessary if the NDI is assigned a separate bit. 
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Figure 1.
RV definition according to 36.212.
3. Modification of RVs if RV0 Doubled as NDI (Approach 1)
This section discusses the options if RV definition also doubles as NDI (Approach 1). While [5] suggested allowing both forward and backward reading operations in the circular buffer, this complicates the CB operations and it is more difficult to implement than the currently agreed approach of reading CB in forward direction. Moreover, this approach has no substantial performance benefits. This contribution only considers options that are consistent with current WA (i.e., reading CB in forward direction only). 
When RV0 doubles as NDI, RV0 is used only for the first transmission of a TB (‘new data’). Thus, only 3 RVs are available for retransmissions (RV0 is not allowed for retransmissions). Depending on whether RV0 overlaps with any other RV, there may be 3 or 4 distinct RVs for a TB. In the following, 3 options of RV definitions are discussed. 
· Option 1. No Change to RV definition from 36.212 –See Figure 2. Option 1 allows 4 distinct RVs.
·  Without modification of the RVs, the RVs available are illustrated in Figure 2. Since RV0 is distinct from RVi, i>0, 4 distinct RVs can be used for transmission of a TB. The only potential problem is if a retransmission needs to send systematic bits, the closest point to the systematic bits is RV3. Thus a retransmission needs to take approximately 22/32×K = 0.6875 K parity bits before any systematic bits are taken, where K is the size of the systematic bits. To retransmit all the systematic bits, the code rate of the retransmission is lower than or equal to 32/(32+22)=0.59. 
· Option 2. Redefine RVs so that RV0 and RV1 are the same (same starting point in the CB) and increase spacing between the three RVs (RV1, RV2 and RV3) available for retransmissions (See Figure 3). Option 2 allows 3 distinct RVs.
· To allow retransmission of systematic bits without a high proportion of parity bits, [4] suggested to redefine the RVs so that RV0 and RV1 are the same, while increasing the distance between the distinct RVs to 32 columns. Due to the overlap of RV0 and RV1, there are only 3 distinct RVs for a given TB. 
· Option 3. Redefine RVs so that four distinct RVs are available while increasing the distance between RVs (See Figure 4). Option 3 allows 4 distinct RVs. 
· A compromise between Option 1 and 2 is to define 4 distinct RVs, while increasing the distance between RVs. For example, RVi starts at column index 28i+2, i=0,1,2,3. If retransmission of systematic bits is needed, RV3 may be used, where the retransmission takes approximately 10/32×K = 0.3125 K parity bits before any systematic bits are taken. To retransmit all the systematic bits, the code rate of the retransmission is lower than or equal to 32/(32+10)=0.76. 
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Figure 2.
RV0 doubled as NDI, option 1. RVi starts at column index 24i+2, i=0,1,2,3. 
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Figure 3.
RV0 doubled as NDI, option 2. RV1= RV0, RVi starts at column index 32(i-1)+2, i=1,2,3. 
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Figure 4.
RV0 doubled as NDI, option 3. RVi starts at column index 28i+2, i=0,1,2,3. 
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