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1 Introduction

The following agreement on URLLC was made at RAN2#94 meeting[1]. 
-
Study will not focus on high availability as in node, HW/SW, transport link availability, and instead the focus should be on coverage, mobility, radio link features etc. related to providing low latency and/or high reliability.
Last RAN1#86 meeting made the following agreements regarding the resource sharing between URLLC and eMBB. 
· At least the following potential options should be considered
· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB
· FDM and/or TDM manner
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Dynamic resource sharing between URLLC and eMBB
· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective
· FFS: A similar or same mechanism applicability to UL
· Preemption or superposition
· Other schemes are not precluded 
· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Other mechanisms are not precluded
Clearly RAN1 would consider grant free transmission for URLLC. Normally LTE is a scheduling-based system and the scheduling procedure could be operated as SR–UL Grant –BSR – UL Grant - Data. This contribution starts the discussion of the scheduling based solution, and emphasizes the grant-free work from RAN2 perspective
2 Discussion
In [1], the user plane latency requirement for URLLC services should be 0.5ms for UL, and 0.5ms for DL. Also it should be possible with low enough values to support the NR as a wireless technology which can be used in the next generation access architecture. To meet 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. 
2.1 Dynamic Scheduling solution
In LTE/LTE-A system, as indicated in Fig.1, a UE with data to send starts with Scheduling Request(SR) requesting if no assigned UL-SCH resources. If not configured with valid SR resource, the UE will initiate a Random Access procedure. The eNB could allocate uplink resources to the UE by some DCI format on detection of SR. Upon reception of UL grant, the UE can send a Buffer Status Reporting (BSR) providing the serving eNB with information about the amount of data available for transmission in the UL buffers associated with the MAC entity. The eNB scheduler allocates the UL resources efficiently according to the UE buffer information.
In LTE, SR is used to request radio resource for uplink transmission by the UE to the network. Since the network allocates the first UL grant without the knowledge of the buffer status of the UE, the data available for transmission is likely to be under-estimated or over-estimated. If enough resources are allocated in the first UL Grant, then URLLC data is transmitted directly without BSR procedure. Typically, the following steps would incur latency and the aggregation of them may not be acceptable for URLLC services. 
· SR transmission delay
· BSR
· NR NB/UE handling delay
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(a)                                                  (b)
                              Figure 1 Dynamic Scheduling Procedure in LTE
RAN1 is studying the numerology with shorter subframe length or larger subcarrier bandwidth up to 480kHz. The transmission delay could be largely reduced for latency-sensitive services. However, dynamic scheduling solution might not be easy to meet the URLLC latency requirements if following the above LTE procedure. 
The timing in dynamic scheduling is fixed in LTE as illustrated in figure 1. The typical delay for one complete scheduling procedure is 16TTI. With reduced TTI length of 0.125ms in NR, the total delay exceeds 0.5ms without satisfying the latency requirement. Even if enough UL Grant is scheduled for data transmission after SR (no BSR and no second UL grant), the total delay is 8TTI which is also beyond the latency requirement. 
Besides the latency requirement, the reliability requirement should be guaranteed by the scheduling mechanism. As in Figure 1, the correctness of UL data reception is related with SR/UL grant channel/UL data channel. If the residual BLER of UL data is 10e-5, it means that each related channel should achieve BLER<<10e-5. However, SR is transmitted on PUCCH and consists of only one bit of information. Although we can achieve the reliability of URLLC for PUSCH/PDSCH through all kinds of diversity, it is difficult to ensure the reliability of PUCCH to be 1-10^-5. The same problem is for PDCCH with UL grant. The reliability of PUCCH and PDCCH is difficult to be ensured.
Observation 1: Dynamic scheduling solution may not meet the latency and reliability requirements for URLLC. 
2.2 Non-dynamic Scheduling Solution
Since dynamic scheduling transmission may not be desirable for UL URLLC due to the delay incurred in scheduling phase , to satisfy latency requirement and reduce overhead, non-dynamic scheduling transmission e.g. SPS and grant free mechanism can be suitable candidates to enable UL URLLC transmission.
2.2.1   SPS
SPS is a kind of semi-static UL grant allocation scheme with an initial purpose of reducing the overhead of the PDCCH and the processing delay of DCI. An exclusive UL grant is available periodically for a specific UE if the SPS is activated by a single PDCCH order. LTE Rel-14 is studying the WI of Latency Reduction on the SPS with reduced cycles. It seems that short SPS could be a promising solution of reducing access latency for URLLC. For example, SPS periodicity can be configured down to a minimum value of one TTI for URLLC so that the transmission can occur immediately whenever URLLC data arrives. But it may come with less resource utilization efficiency because the SPS resource should be maintained even in case of burst URLLC data. In fact, such semi-static exclusive scheduling mechanism is more suitable for continues small packet transmission.
Observation 2: Semi-static exclusive scheduling solution might satisfy the URLLC requirement at the expense of low resource utilization efficiency.
2.2.2 Grant free transmission for URLLC
Compared with dynamic scheduling and semi-static exclusive scheduling, the grant-free transmission is to let users transmit data in an arrive-and-go manner, as illustrated in Figure 2.  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 2 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 one of the most important candidate technology for UL URLLC [2]. 
In grant-free transmission, multiple UEs share the same PUSCH resource. Collision may happen if more than one UEs access the same grant-free resource at the same time. There exits two types of collision: the eNB is able to identify the UEs that perform the transmission but cannot decode the data; the eNB can neither identify the UEs nor decode the data. In the former case, the eNB might schedule the corresponding UEs to perform retransmission. The scheduling message might refer to a NACK feedback or a PDCCH order. In the latter case, the eNB might do nothing. The UE need to perform retransmission on subsequential UL transmission resources after backoff timer expires as the UE assumes the first transmission attempt is not successful. Or, the eNB could schedule all the UEs that share this UL resource to perform retransmission via NACK feedbacks or PDCCH orders.
Proposal 1: study the solutions on collision detection and recovery for grant-free scheduling for URLLC.
In LTE, scheduling is not service specific. In NR, URLLC is sensitive to latency while eMBB and mMTC are not. Therefore, it is a waste of network resource to use common scheduling mechanism in NR. To improve the spectrum efficiency without deteriorate the performance of URLLC, service-specific resource should be configured. For instance, in the grant-free access mechanism, only URLLC control/data messages are permitted to transmit on the URLLC specific resource which might has short cycle. Separation of the access of URLLC from other services would also reduce the collision rate and thus improve the transmission reliability and robust.
Proposal 2: support configuration of URLLC-dedicated grant-free radio resources

3 Conclusion

In this paper, we discuss legacy scheduling function and propose some enhancements for URLLC. 
Observation 1: Dynamic scheduling solution may not meet the latency and reliability requirements for URLLC. 
Observation 2: Semi-static exclusive scheduling solution might satisfy the URLLC requirement at the expense of low resource utilization efficiency.
Proposal 1: study the solutions on collision detection and recovery for grant-free scheduling for URLLC.
Proposal 2: support configuration of URLLC-dedicated grant-free radio resources
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