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1
Introduction
In the adaptive asynchronous HARQ operation, the transmitter can flexibly choose the retransmission time, the number of the rate-matched bits, the modulation order, and redundancy version for each retransmitted sub-packet, which depends on the channel state variation during the retransmission process. On the other hand, in synchronous HARQ case, we have so far used a fixed retransmission interval, a fixed number of rate-matched bits, and the fixed modulation order across retransmissions, only allowing possibly different redundancy versions for different retransmissions. For instance, in Release 6 EUL, different redundancy versions contain the same number of rate-matched bits generated by different rate-matching patterns.
In this contribution, we consider another type of synchronous HARQ operation, where the retransmission interval is fixed, but the number of rate-matched bits and the modulation order can be different for each retransmission. As we use a pre-determined sequence of the number of rate-matched bits, the modulation order, and the redundancy version to transmit the new and the retransmitted sub-packets, the proposed HARQ operation can still be regarded synchronous.         
2
Change of Modulation Order and Number of Rate-Matched Bits in the Synchronous HARQ 
The optimal choice of the modulation order is different for different spectral efficiency and HARQ strategy, depending on the lowest channel code rate achievable without any bit repetition. 
Let us assume that we have four choices of modulation order: QPSK, 8PSK, 16-QAM, and 64-QAM. If the transmitter decides to use the packet format which transmits only one information bit per symbol in a certain channel state and the lowest code rate without repetition is 1/3, the choice of the modulation should be either QPSK or 8PSK due to the following reasons:    
· Additional coding gain is not expected for higher order modulation (i.e., 16-QAM or 64-QAM), since the coded bits are repeated for such modulation.
· Demodulation performance degradation is expected for higher order modulation, as higher order modulation is more sensitive to the imperfect channel estimation, and has a higher information loss in the conversion process from the soft symbol sequence to the soft bit sequence.
If we allow retransmissions using HARQ, the spectral efficiency for a single packet format (which specifies a fixed number of information bits and a fixed modulation order for a single transmission) varies depending on the HARQ termination point. 
As the number of retransmissions increases, the overall spectral efficiency decreases and the effective code rate is likely to become low enough to initiate the repetition rate matching, leading to demodulation efficiency loss. 
In order to alleviate this problem, we propose to reduce the modulation order for the later retransmissions. Exemplary packet formats with modulation order being reduced for the later retransmissions are shown in Table 1, where we assumed that the maximum number of allowable transmissions is 6. 

Consider the case wherein the native encoder rate 1/3 and the HARQ buffer is circular. Using a circular buffer, the transmitter sends as many systematic bits as possible, followed by 1st parity bits and further followed by 2nd parity bits, before re-transmitting systematic bits again. This simplifies the operation of generating redundancy versions significantly.
Assume that a packet is transmitted with 64-QAM rate ½ in the first transmission. If 64-QAM is used in the second transmission as well, the code rate drops to ¼, which is lower than the native code rate 1/3. Therefore, to preserve the IR gain from lowering the residual code rate, 8PSK is used on the second transmission – this reduces the residual code rate to 1/3. Note that if 16-QAM were used, the residual code rate would have dropped to 3/10, which is lower than the native code rate.
Using a much simpler circular buffer for HARQ, different numbers of rate-matched bits are generated different redundancy versions. 
 3
Conclusions
In this contribution, we proposed a new synchronous HARQ operation, where the modulation order and the number of the rate-matched bits for each sub-packet change according to a pre-determined packet format sequence as the retransmission progresses. The strategy to change the modulation order and the rate-matched bits helps to keep the desirable modulation order for each retransmission instances.  

We propose to capture this as text in TR 25.814.
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