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1 Introduction

In RAN1 #87, the following agreements were achieved for URLLC [1]:

Agreements:

· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 

· FFS: resource configuration details

· FFS other details of design

RAN1 agreed to support grant-free UL transmission for URLLC. This contribution starts the discussion of the retransmission for URLLC, considering the grant-free resources are used for initial transmission
2 Discussion
2.1 Grant-free solution for URLLC

In [2], the user plane latency for URLLC services should be 0.5ms for UL and 0.5ms for DL. Besides the tight latency requirement, it is also proposed to meet the reliability requirement (e.g., BLER<=10e-5) directly at PHY and MAC. Generally, there are two types of scheduling mechanisms to fulfill the latency and reliability requirements: dynamic scheduling and non-dynamic scheduling. 
In [3], the latency and reliability performance of both dynamic scheduling and non-dynamic scheduling are fully analysed. It seems that the latency and reliability requirements of URLLC are hardly satisfied by the dynamic scheduling. 

On the other hand, the grant-free transmission is to let users transmit data in an arrive-and-go manner, as illustrated in Figure 1.  Once the data of a UE arrives, it is transmitted immediately in the next available slot, without waiting for NR NB to schedule or send grant. 
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Figure 1 Grant-free transmission with contention based "arrive and go" transmissions
There are many benefits of such “arrive-and-go” transmissions, e.g., Overhead reduction, and Latency reduction associated with latency needed for sending grant request and transmission. Therefore, grant-free transmission has been agreed to be supported for UL URLLC in the last RAN1 meeting [1]. 
In grant-free transmission, multiple UEs share the same PUSCH resource. If no collision happens, the latency of the UL transmission will be reduced down to only 2.5TTI based on the assumption and analysis given in [3] 
However, a collision occurs if more than one UEs access the same grant-free resource at the same time. There exits two types of collision: 
case 1) the gNB is able to identify the UEs that perform the transmission but cannot decode the data.
case 2) the eNB can neither identify the UEs nor decode the data.
In case 1), the UE activity/identity can be detected by the gNB via the well-managed pilots. The gNB might schedule the identified UEs to perform retransmission. The scheduling message might refer to a NACK feedback or a PDCCH order. 
In case 2), the gNB may not be able to send any feedback to the UE. The UE need to perform retransmission on subsequent UL transmission resources after a back off timer expires as the UE assumes the first transmission attempt is not successful. Alternatively, the gNB could schedule all the UEs that share this UL resource to perform retransmission via NACK feedbacks or PDCCH orders.
In case 1, there is additional delay for to the transmission of ACK/NACK feedback, the decoding of the feedback by the UE, the retransmission of the data and the decoding of the retransmission by the gNB. 
In case 2, there is additional delay for timer expiration, retransmission of the data and for the gNB to decode the retransmission. Since the UE has to wait at least a time period until the first opportunity of receiving expected ACK/NACK feedback, the additional delay in the second case is no less than the additional delay in case 1.
I.e. in both cases, the total transmission latency exceeds 0.5ms but still satisfies the latency requirement of 1ms, with TTI length of 0.125ms. According to [4], with two transmissions, the probability of miss detection and the probability of failure detection has to be less than 0.18%. It seems that there is significant reduction on the requirements of the error detection probabilities for both UE activity and data detection. 
Furthermore, automatic and ACK/NACK-less retransmission can be used to reduce the latency and improve the reliability of URLLC service with more stringent latency target. An uplink packet can be transmitted a certain number of times at a pre-configured time and frequency. Since no feedback from the gNB is required, the latency can be further reduced. More details on the analysis of performance of grant-free solution with A/N-less retransmission can be found in [6]. If there are only two consecutive transmissions, the requirements on the error detection probabilities for both UE activity and data detections can be significantly relaxed to 0.18%. For the analysis on latency, since only two re-transmissions is required, a maximum latency of 3.5TTI can be observed. With TTI length of 0.125ms, grant-free solution is capable of supporting the required latency and reliability target.
2.2 Retransmission for grant-free solution
The ACK/NACK-based retransmission requires feedback from the gNB. However, the retransmission resources are not discussed and determined yet. There are two types of retransmission resources: the scheduled resources (type 1) and the grant-free resources (type 2). Type 1 is a LTE-like retransmission scheme, where the UE retransmits on the scheduled resources (adaptive or non-adaptive) and ignore the periodic grant-free resources upon receiving negative acknowledgement and/or PDCCH order from the gNB. On the contrary, the UE shouldcompete on the subsequent grant-free resources for the retransmission if type 2 resource is used.
In NR, it is preferable to restrict the transmission attempts on the grant-free resources to reduce the collision rate for the UEs sharing the same PUSCH resource. Therefore, the UE should not transmit on the grant-free resource simultaneously if scheduled UL resources for retransmission has been provided. 
Proposal 1: UE should not transmit on the grant-free resource simultaneously if scheduled resources has been provided. 
URLLC is a delay sensitive service where the data becomes invalid and useless after a pre-define time period. It is a waste of radio resources keeping transmitting the invalid and useless data on the air. The transmission of the invalid and useless data should be terminated immediately after a certain period of time. 
In legacy LTE, the UE flush the HARQ buffer only if the maximum number of retransmission limit is reached. In NR, multiple numerologies will be supported within a single carrier. If cross-numerology HARQ retransmission is supported in NR, the UE might choose a retransmission occasion of which the TTI length is different from that of previous transmissions. A fixed maximum number of retransmission limit would not lead to a fixed period of time if the TTI length changed. In this case, the validity of the URLLC data cannot be guaranteed by the maximum number of retransmission limit.
For the ACK/NACK-less retransmission, the UE will continue the transmission if the HARQ buffer is not empty and if there is periodic PUSCH resources. Therefore, the UE should flush the HARQ buffer to avoid further transmission upon the expiration of a corresponding timer or receiving positive acknowledgement from the gNB for URLLC.

Proposal 2: UE flush the HARQ buffer upon time expired or receiving positive acknowledgement from the NW.
3 Conclusion

In this paper, we discuss the grant-free solution for URLLC. We also discuss the the handling of the retransmission for the grant-free solution. 
Proposal 1: UE should not transmit on the grant-free resource simultaneously if scheduled resources has been provided. 
Proposal 2: UE flush the HARQ buffer upon time expired or receiving positive acknowledgement from the NW.
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