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1. Introduction
In RAN#75 meeting, one of the specification objective is shown as following [1]:
· Support of ultra-reliable part of URLLC [RAN1, RAN2, RAN4]
· Identify techniques to meet the URLLC requirements set forth by [TR38.913] starting after RAN#76 
· Conduct corresponding URLLC specific normative work after RAN#78 for the selected techniques
In this contribution, we will discuss data scheduling and HARQ procedure for URLLC. Our views on DL and UL control channel design for URLLC including can be found in our companion contributions [2] – [3]. 
2. Discussion
The requirement for URLLC is set in [4]. For reliability, the target for general case is 99.999% with a User Plane latency of 1ms with the packet size of 32 bytes; For latency, the target is 0.5ms for both DL and UL end-to-end transmission. 
For URLLC, the most important tools to ensure high reliability within a delay boundary are: (1) higher diversity in three dimensions; time, frequency, and spatial-domain, and (2) higher coding gain. Both (1) and (2) offers reliability improvement at the cost of larger amount of resources (here layer is counted as resource). If there is a dedicated carrier available for URLLC and the traffic load of the carrier is low, just increasing the amount of resources to achieve (1) or (2) could be sufficient. However, URLLC may be multiplexed with eMBB on the same carrier. Further, even if there is a dedicated carrier, URLLC traffic may be highly loaded in future. Therefore, it is important for URLLC design to achieve high spectral efficiency. Therefore, as discussed in [2], we believe that HARQ operation using HARQ-ACK feedback and HARQ combining is important not only for eMBB but also for URLLC. 
For uplink, both UL grant-based transmission and UL grant-free transmission are supported for URLLC traffic. In addition, transmitting the same TB with K repetitions is also agreed to improve the reliability [5]. Although, there is no agreements on supporting the repetition for downlink data transmission to improve the reliability, it is natural to support repetitions for NR PDSCH transmission as well. For both PDSCH and PUSCH transmission, details on the repetitions are needed. For example:
· The number of repetitions K.
Different URLLC use cases have different requirements in terms of latency and reliability. The value range of the K should be defined to cover the various URLLC use cases.
· Time and frequency resources for the K repetitions. 
The K repetitions can be done only in time domain as long as the latency constraint can be met or only in frequency domain as long as the UE is not power limited or done in both time and frequency domains. 
· Modulation and coding scheme (MCS), Transmission power, and redundancy version (RV) 
How to determine the MCS, transmission power, and/or RV, across the K repetitions.
· HARQ-ACK feedback for the data with K repetitions.
There was a discussion for UL transmission on whether an acknowledgement/indication of successful receiving of that TB from gNB is necessary to terminate the repetitions. If repetition for PDSCH is supported, same discussion will be held again. The main motivation for sending ‘ACK’ to terminate the repetition is to save resources and reduce the interference. However, the existence of above benefits is highly related to the UE/gNB processing time, the slot structure and the number of the repetitions. Take downlink transmission as an example (same analysis still holds for UL transmission), following two cases can be considered to determine which HARQ operation should be used for repetition. 
Case 1: time duration derived by P is larger than the time duration derived by K repetitions, where P is the minimum amount of slot(s)/symbol(s) before the DCI can schedule the PDSCH for the same HARQ process, see Figure 1 (a). 
Case 2: time duration derived by P is smaller than the time duration derived by K repetitions, see Figure 1 (b). 
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Figure 1. HARQ operation for data transmission with K repetitions
As shown in Figure 1(a), the benefits of transmitting acknowledgement to early terminate the repetition disappear given the composite factors of the processing time at gNB and UE side, frame structure i.e. DL/UL switching periodicity and the number of repetitions. Therefore, for Case 1, the HARQ operation adopting the type of an acknowledgement/indication of successful receiving of the TB to terminate the repetitions is not suitable. Instead, for Case 1, all repetitions should be treated as a bundle, so that the resource and the timing for the HARQ-ACK feedback is tied with the bundle. One ACK or NACK is transmitted based on the decoding results of the combined repetitions. gNB can decide to schedule a new transmission or re-transmission after receiving the HARQ-ACK feedback for the entire repetitions.
For Case 2, it is beneficial to terminate the repetitions by sending an acknowledgement/indication of successful receiving of the TB. In this case, each repetition determines the timing and the resource for ‘ACK’ transmission. The actual transmission of ‘ACK’ only happens when the data is correctly decoded. When the K repetition is achieved while the UE still does not correctly decode the data, it transmits nothing and gNB should re-schedule the data for the same HARQ process. 
Based on above analysis, following two types of the scheduling/HARQ operations for repetitions can be derived, and it is beneficial to configure different type to cater for different use cases. 
· Type 1 scheduling/HARQ operation: as a bundle, the K repetitions has one HARQ-ACK feedback. 
· ACK is transmitted if the data is correctly decoded; otherwise NACK is transmitted.  
· Type 2 scheduling/HARQ operation: each repetition determines one ‘ACK’ feedback resource.
· Only ACK is transmitted when the data is correctly decoded, and the ACK can terminate the following repetitions.  
· When K repetition is achieved while the data is still not correctly decoded, at least for both DL and UL with UL grant, gNB should re-schedule the data.
Proposal 1:
· For URLLC data transmission, 
· The combined diversity gain in time-domain and frequency-domain can be achieved for downlink.
· Repetition is one effective way to improve the reliability for both downlink and uplink data transmission.
Proposal 2:
· Support following two types of scheduling/HARQ operation for repetitions:
· Type 1 scheduling/HARQ operation: as a bundle, the K repetitions has one HARQ-ACK feedback. 
· ACK is transmitted if the data is correctly decoded; otherwise NACK is transmitted.  
· Type 2 scheduling/HARQ operation: each repetition determines one ‘ACK’ feedback resource.
· Only ACK is transmitted when the data is correctly decoded, and the ACK can terminate the following repetitions.  
· When K repetition is achieved while the data is still not correctly decoded, at least for both DL and UL with UL grant, gNB should re-schedule the data.
· FFS UL data transmission without grant.

Furthermore, fast CSI feedback mechanism can be considered to enable gNB utilize the best precoder/beam-former.

3. Conclusion
In this contribution, we discuss the data scheduling and HARQ procedure for URLLC. Our proposals are summarized as below. 
Proposal 1:
· For URLLC data transmission, 
· The combined diversity gain in time-domain and frequency-domain can be achieved for downlink.
· Repetition is one effective way to improve the reliability for both downlink and uplink data transmission.
Proposal 2:
· Support following two types of scheduling/HARQ operation for repetitions:
· Type 1 scheduling/HARQ operation: as a bundle, the K repetitions has one HARQ-ACK feedback. 
· ACK is transmitted if the data is correctly decoded; otherwise NACK is transmitted.  
· Type 2 scheduling/HARQ operation: each repetition determines one ‘ACK’ feedback resource.
· Only ACK is transmitted when the data is correctly decoded, and the ACK can terminate the following repetitions.  
· When K repetition is achieved while the data is still not correctly decoded, at least for both DL and UL with UL grant, gNB should re-schedule the data.
· FFS UL data transmission without grant.
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