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1
Introduction
URLLC is one of the three usage scenarios for future 5G and has been envisioned as one of the enablers for future vertical applications such as industrial automation, e-health, autonomous driving and so on. TR38.913 [1] defines some general requirements for URLLC, such as a target U-plane average latency of 0.5 ms, and a reliability of 1-10-5 to transmit a 32 bytes packet within 1 ms.

In RAN1#86 meeting [2], the following was agreed: 
· 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

Also, regarding particular requirements for URLLC, it has been agreed in RAN1#86bis [3] to:
· Consider further the trade-offs for meeting URLLC requirements for the following.

· Semi-static resource allocation for UL data transmission.

· Dynamic indication of available resource (e.g., by broadcast DCI) for UL data transmission.

· Normal SR-based transmission

· Other solutions are not precluded

Further, regarding UL transmission for URLLC, the following has been agreed in RAN1#87 [4]:
· 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
In this contribution we discuss SPS as a kind of solution for grant free-transmission for UL, that is, the resources are allocated using RRC signalling and/or physical layer signalling for a period of time instead of being dynamically granted at each TTI. As a further step from [5] and [6], in this contribution we discuss the enhanced semi-persistent scheduling (SPS) operation especially considering two potential issues: variable URLLC traffic support and retransmission scheme using dedicated or shared resources.
2
Flexible UL SPS for URLLC
As discussed in [5] and also summarized in [7], SPS offers advantages in terms of U-Plane latency and control channel reliability over dynamic scheduling, which makes it an attractive technique to fulfill URLLC requirements. A limitation of SPS arises when the traffic arrival time is uncertain or aperiodic, or when the packet size is unpredictable. In this case, the reservation of resources might be highly under-utilized, leading to a high resource waste especially in case of very sporadic and variable URLLC data. It is thus needed to enhance the traditional SPS mechanisms to allow for more flexibility and adapting capability to traffic with different arrival properties and service requirements.
Observation 1: Traditional SPS presents certain limitations to accommodate traffic with variable properties in terms of periodicity, packet arrival time and packet size. Therefore, we need higher flexibility than traditional SPS for support UL URLLC traffic in NR.
We showed in previous contribution [6], that multiple and inter-dependent SPS occasions within a SPS interval can be considered as one alternative for more flexible SPS in 5G. The basic principle is depicted in Figure 1. In such scheme main SPS occasions are allocated to guarantee that the URLLC UE always has its allocation for UL transmission. And also possible optional occasions are pre-allocated. The UE can indicate at UL transmission if the further optional occasions will be needed. The BS can reallocate the non-needed occasions to improve resource utilization.
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Figure 1: Illustration of main and optional SPS occasions
The SPS configuration with a certain periodicity should consider the latency requirement of the use case. For the general URLLC target for instance, the periodicity should be quite low. Therefore, reserve robust resources for each URLLC UE can lead to high blocking probability and network capacity loss. In this sense, the allocation of SPS resources to one URLLC UE or shared by more URLLC UEs in a congenstioned network can be beneficial as discussed in [8], where it is possible to configure a shared SPS resource to more than one URLLC UE with similar traffic characteristics (e.g. MTC devices). Multiple UEs share the same SPS resource allocation pattern and use contention based access with load control at the BS to control the collision probability.
The support of HARQ retransmissions can help to reduce excessive resource allocation on SPS for URLLC with a possible delay penalty. It is important to note that, the typical HARQ scheme for SPS in LTE for VoIP relies on dynamic scheduling for the retransmissions, with the cost of the grant signaling. On the other side, synchronous non-adaptative retransmission has reduced signaling but can lead to more resource wasting in a loaded URLLC network, if the pre-configured retransmission resources can not be reallocated to a non-URLLC UE. Our earlier contribution analysis shows that, to obtain 1-10-5 reliability within 1 ms, the BLER on the initial transmission should be very low, i.e in the range of 10-3. Hence the need for HARQ retransmission resource should be very low.  
Therefore, the pre-allocation of retransmission resources shared by many users on the SPS configuration can be an option to improve resource effciency and reduce reschedule signaling. The retransmission on the configured retransmission resource can be based on feedback, that is, the UE should retransmit on the configured shared resource if its transmission is not acknowledged. In our previous contribution [6] we showed that the BS can coordinate the use of the pre-allocated resources for the group of UEs, achieving high reliability with low signaling and better resource efficiency than conservative SPS allocations.
To obtain flexible SPS allocation for URLLC, either the initial transmission or the retransmission can be considered to be configured on dedicated resources resources and/or shared resources. The figure below shows the possible options.
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Figure 2: Possible configurations of SPS resources for URLLC considering retransmission
Note that these enhancements can be considered as falling under the same framework as contention-based grant-free transmission scheme [8], even though they are presented here as SPS enhancements.
Based on the previous discussion, we have the following proposals,
Proposal 1: Multiple inter-dependent SPS occasions per SPS interval can be considered for variable URLLC traffic to provide a proper trade-off between flexibility, efficient resource usage and overhead. 

· On main SPS occasions UE can notify the use of optional occasions, which can be reallocated if not used.

Proposal 2: SPS allocation shall support both dedicated resources to one UE or shared by more UEs.

· SPS of shared resources can be either for initial transmissions or for transmit repetitions/retransmissions, improving resource efficiency and avoiding the grant/re-grant signaling.
· The allocation of dedicated versus shared resources shall be configurable for initial and retransmissions, individually.

3
Conclusions
In this contribution, we discussed the options of making SPS a flexible grant-free solution to support various UL URLLC traffic types. Based on the discussion we have the following observations: 
Observation 1: Traditional SPS presents certain limitations to accommodate traffic with variable properties in terms of periodicity, packet arrival time and packet size. Therefore, we need higher flexibility than traditional SPS for support UL URLLC traffic in NR.
In addition, we have the following proposals,
Proposal 1: Multiple inter-dependent SPS occasions per SPS interval can be considered for variable URLLC traffic to provide a proper trade-off between flexibility, efficient resource usage and overhead. 

· On main SPS occasions UE can notify the use of optional occasions, which can be reallocated if not used.

Proposal 2: SPS allocation shall support both dedicated resources to one UE or shared by more UEs.

· SPS of shared resources can be either for initial transmissions or for transmit repetitions/retransmissions, improving resource efficiency and avoiding the grant/re-grant signaling.
· The allocation of dedicated versus shared resources shall be configurable for initial and retransmissions, individually.
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