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1 Introduction

Circular buffer based rate matching was agreed by RAN1 during the last Kobe meeting [1].
In the circular buffer based rate matching, coded symbols transmitted in each HARQ transmission are defined by starting point and end point in the circular buffer. Once the starting point is determined, the end point can be calculated based on the given starting point, modulation order, and amount of resources used for the data transmission. 
In case of DL dynamic assignment, where asynchronous and adaptive HARQ is assumed, redundancy version (RV) is explicitly signalled on PDCCH every HARQ transmission. The RV indicates the starting point in the circular buffer.
On the other hand, if there is no explicit RV signalling, e.g., for retransmission packets in case of synchronous HARQ, the starting point of each HARQ transmission should be predefined. 

In this contribution, we focus on how to define the starting point of each retransmission for synchronous HARQ.
2 Starting point of each retransmission for the synchronous HARQ
Figure 1 illustrates a possible approach, where the starting point of each retransmission is determined as the very next point to the end point of the previous transmission. This approach maximizes the coding performance since all the coded symbols in the circular buffer will be transmitted until it reaches the mother code rate of 1/3. However, there would be critical problem if the receiver misunderstands the end point of the previous transmission. For instance, UE has missed a DL grant and doesn’t transmit ACK/NACK while the eNB expects the UE to send ACK/NACK by puncturing some of the resources assigned to data. 
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Figure 1. Selection of coded symbols contiguous in circular buffer for subsequent HARQ transmissions
To be robust against the mismatch between eNB and UE on the amount of resources available data, the proposed rule for determining the redundant symbols of each transmission in the circular buffer is as follows:

1. Define L which indicates nominal number of REs for data transmission per RB. 

· L could be configured by a higher layer signaling, e.g., taking into account average number of REs used for control per RB.
2. Determine the starting point of each transmission based on L , M, and K, where M and K denote modulation order and the number of RBs assigned, respectively.
· Starting point of k-th transmission = (k-1) x L x K x  M

3. End point of k-th transmission is determined as k x L x K x  M – 1
Figure 2 illustrates HARQ transmissions according to the proposed redundant symbol selection rule for synchronous HARQ. We can see that coded symbols for subsequent transmissions may not be contiguous in circular buffer. But, it could be robust against the errors on end point since the starting points are predefined.
[image: image2.emf]Circular buffer

1st Tx in case of no 

puncturing by control

Actual 2nd Tx

. . .

Actual 1st Tx

(421)

2nd Tx in case of no 

puncturing by control

3rd Tx in case of no 

puncturing by control

Actual 3rd Tx

Coded symbols which are not transmitted due to the resource puncturing by control

Predetermined starting point 

for each transmisison


Figure 2. Proposed redundant symbol selection for each HARQ transmission
3 Summary
In case of synchronous HARQ, the redundancy version (RV) is not explicitly signalled for retransmissions due to the absence of PDCCH transmission. In this case, we propose to predetermine the starting point of each transmission by defining nominal number of REs for data transmission per RB, in order to be robust against error on the amount of resources punctured by control. 
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