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1 Introduction

In the circular buffer based rate matching, coded symbols transmitted in each HARQ transmission are defined by starting position and ending position in the circular buffer. 

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 position 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 position of each HARQ transmission should be predefined. In this contribution, we focus on how to define the starting position of each retransmission for synchronous HARQ in uplink.

2 Starting position of each retransmission in UL HARQ
The starting position can be calculated with the number of REs and modulation level used for data transmission. In LTE, the number of REs is changed in case that the data has to be multiplexed with the control signaling. Therefore, we need to consider how to define the starting position in this case. 
The following was agreed in Athens meeting [1]:
· Rate matching 

· 1 stage – the circular buffer RM takes presence of control signalling into account

· For ACK/NAK transmission, starting points in circular buffer are not affected by presence/absence of control signalling

· Investigate the need for a mapping rule taking error cases into account
This means that when the starting position is calculated, it is not changed by the number of symbols for ACK/NAK. The main reason of it is to avoid the mismatch problem of starting position between UE and eNB in case of PDCCH miss detection. 
However, the periodic CQI transmission does not cause the mismatch problem, since its transmission timing is configured by higher layer signaling not PDCCH signaling. Hence, to minimize the loss of the coded bits for data due to puncturing, it is recommended to change the starting position of retransmission with respect to the presence of the periodic CQI transmission. 
For aperiodic CQI transmission triggered by an UL grant, the number of REs allocated to CQI report in PUSCH can also be taken into account. However, note that if the UL grant is intended for an ongoing HARQ process and is missed by the UE, the UE and the eNB will have mismatched information about the number of REs allocated to the aperiodic CQI report. Therefore, it is undesirable to take into account the number of REs allocated to aperiodic CQI report transmitted with a retransmission. However, it is indeed possible to take into account the number of REs allocated to aperiodic CQI report transmitted with the initial transmission of a UL-SCH HARQ process.
Figure 1 illustrates the preferred method to determine the starting position in presence of control signaling. When CQI is transmitted, the starting positions of the next retransmissions are adjusted, while there is no change of the starting position in presence of ACK/NAK. Therefore, the encoded bits that cannot be transmitted in the circular buffer are only due to ACK/NAK transmission. 

For example, each starting position can be calculated as follows.
1. Starting position of 1st tx, S_1 = 1

2. Starting position of 2nd tx, S_2 = S_1 + (M –M_cqi) x K
3. Starting position of 3rd tx, S_3 = S_2 + M x K
4. Starting position of 4th tx, S_4 = S_3 + (M –M_cqi) x K

, where M is the number of scheduled REs, M_cqi is the number of REs for CQI transmission and K is modulation order of data transmission. 
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Figure 1. HARQ circular buffer starting position
3 Conclusion 
In this document, we discussed how to define the starting position of each retransmission for uplink synchronous HARQ. Based on section 2, we propose the followings. 
· In presence of ACK/NAK, starting positions are not affected by the number of REs for ACK/NAK.

· In presence of the periodic CQI transmission, the starting positions of the subsequent retransmissions after the CQI transmission are adjusted by the number of REs used for the CQI transmission.
· In presence of aperiodic CQI transmissions, the starting positions of the subsequent retransmissions after the CQI transmission are adjusted by the number of REs allocated for the aperiodic CQI transmission, if the aperiodic CQI transmission is multiplexed with the initial transmission of an UL-SCH HARQ process.
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