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Introduction
In this document, we discuss HARQ enhancement for Time-Sensitive Communication (TSC) and SPS features introduced in Rel. 16.  
Discussion
In release 16, regarding the objectives of TSC in IIoT WID [1], multiple active SPS per BWP and shorter SPS periodicity have been discussed in RAN1 and RAN2. As a result, the maximum configurable active SPS configurations per BWP is 16, and the shortest SPS periodicity is reduced from 10 ms to 1 ms. According to companies’ comments [2], SPS transmission with shorter than 1 ms can be realized by multiple SPS configurations with shorter PDSCH length and symbol level offsets. On the other hand, the base station can configure each SPS configuration with different priority level, thus SPS PDSCH collision can be resolved accordingly. Based on these enhancements, SPS in release 16 provides base station the flexibility to configure frequent and diverse SPS PDSCH transmission patterns. 
However, the number of available HARQ process for a UE is still 16, which means the number of configured HARQ processes per SPS configuration could be few. Further, with short SPS periodicity, the periodicity of 2 SPS PDSCH associated with the same HARQ ID could also be short (i.e. 2 to 4 ms). In this case, for UE experiencing a deep channel fading, a HARQ process of the UE may force to replace the soft-buffer due to a new transmission on another SPS PDSCH associated with the same HARQ ID. Regarding TSC, retransmission of the replaced TB as a new transmission could increase the latency, or defer other TBs that have been prepared to send by the base station.
Figure 1 depicts an example of SPS periodicity is 1 ms and the number of configured HARQ process is 3. For simplicity, SPS PDSCH with HARQ ID other than #1 are omitted in the figure. In Figure 1 (a), the base station sends an initial transmission of a 1st TB on a SPS PDSCH with HARQ ID #1. In response to a NACK, the base station retransmits the 1st TB before the second SPS PDSCH with the same HARQ ID #1. Before the base station receives the HARQ feedback of the retransmission, the base station has prepared a 2nd TB (new transmission) to transmit on the second SPS PDSCH. In this regard, the base station may not have enough time to send a second retransmission (1st TB) when receiving a second NACK. According to the current standard, the UE would replace the soft-buffer of HARQ process #1 with the new transmission (e.g. 2nd TB). In this case, considering the latency, the base station can send a new transmission of the 1st TB by dynamic scheduling right after the second SPS PDSCH. If the UE successfully decodes the new transmission of the 1st TB, the increased latency is 2 ms. However, due to replacing the soft-buffer, the detection probability will be lower than the one with soft combining, thus the latency could be longer.  
An alternative way is shown in Figure 1(b). To avoid the uncertainty of the second HARQ feedback in Figure 1 (a), instead of scheduling the retransmission on the PDSCH in Figure 1 (a) (e.g. the blue dash square in Figure 1 (b)), the base station schedules the retransmission to overwrite the second SPS PDSCH. In response to the collision between PDSCH and SPS PDSCH, the UE skips the SPS PDSCH and thereby prevents the soft-buffer being replaced by the 2nd TB. As a trade-off, the base station has to defer the 2nd TB to another PDSCH (DCI scheduled) or SPS PDSCH. To compare the methods in Figure 1 (a) and (b), because it is possible that the UE in Figure 1 (a) successfully decodes the retransmission and sends an ACK, applying the method in Figure 1 (b) increases 1 ms latency for each of the 1st and 2nd TB. To summarize, the method in Figure 1 (a) may introduce more latency due to the waste of the replaced soft buffer, the method in Figure 1 (b) defers an already scheduled 2nd TB which may decrease more QoS in some TSC scenarios. In this regard, we propose to study HARQ enhancement for SPS for TSC service. 
Proposal: Study HARQ enhancement regarding to multiple active SPS configurations and short SPS periodicity.
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