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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. 
In RAN1#86 meeting [1], 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”
As a further step from [2], in this contribution we discuss the enhanced semi-persistent scheduling (SPS) operation especially considering two potential issues: retransmission scheme and sporadic URLLC traffic support. 

2
Enhanced SPS for URLLC
As discussed in [2], 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. In this case, the reservation of resources might be highly under-utilized, leading to a high resource waste especially in case of very sporadic 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. Another point worth to consider is that SPS is used for reserving resource for the 1st transmission. In case there is possibility for retransmission, we should investigate how to arrange the resource for retransmission to achieve low latency and ultra-high reliability and, for instance, to avoid the shortcomings of dynamically scheduled retransmissions.
Considering the above, it is clear that conventional SPS presents certain limitations to be directly applied to URLLC without any enhancement, and certain improvements to handle aspects such as aperiodic traffic, HARQ retransmission and so on need to be investigated further in RAN1 and possibly other groups as well.

Observation 1: Traditional SPS presents certain limitations to accommodate traffic with variable properties in terms of periodicity, packet arrival time and packet size. For URLLC traffic with unknown or dynamic properties, it is desirable to have a higher degree of flexibility for SPS in 5G NR.

Enhanced SPS schemes which are able to adapt to the inconstant message generation interval and variable message size are indeed important for robust and efficient URLLC communications. Focusing on the UL direction, several possible directions of enhancements can be initially identified:

1. Configuration of multiple SPS processes per UE with different characteristics to adapt to the variable conditions with flexibility: in this case, the UE could choose (or notify preference) among the different alternative SPS processes the one that best adapts to the properties of the current traffic flow. Based on this UE assistance or feedback, the network could reallocate the unused resources to other e.g. non-URLLC UEs to avoid resource waste.
2. Configuration of multiple inter-dependent SPS “occasions” within a single SPS interval: such additional transmission(s) opportunity can be helpful to accommodate traffic property changes in terms of periodicity, generation time and packet size by introducing “main” and “optional” SPS occasions. Also the optional SPS occasion can be used by non-URLLC UEs if not needed.
3. In order to support fast retransmission and to avoid the possible capacity loss with dedicated pre-allocated retransmission resource, pre-allocation of shared retransmission resources is introduced in Section 2.2.
4. Going one step further, instead of UE specific SPS resource, group based SPS resource allocation should be considered as well for better support of aperiodic traffic.
2.1. Multiple and inter-dependent SPS occasions
Multiple and inter-dependent SPS occasions within a SPS interval can be considered as one alternative for more flexible SPS in 5G. One of those occasions can be considered as main/mandatory (denoted by M_SPS_O), with a similar function as in the legacy SPS operation, to guarantee that the URLLC UE always has its allocation for UL transmission. The remaining occasion (or even multiple occasions) can be regarded as optional (abbreviated as O_SPS_O). The basic principle of this concept is depicted in Figure 1. The key aspect is that those two (or more) occasions can be mutually inter-dependent, e.g. UL transmission in M_SPS_O may include information on whether O_SPS_O will be used to transmit further UL messages. Based on this feedback, in case O_SPS_O will not be used by the URLLC UE, the network can reallocate those resources to other, e.g. non-URLLC UEs. O_SPS_O can be also utilized to deliver non-periodic messages or the part of the periodic message that could have not been delivered within M_SPS_O, e.g. due to a recent change of the message size. 
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Figure 1: Illustration of main and optional SPS occasions
2. 2. Pre-allocation of shared retransmission resources

It is worth pointing out that conventional SPS relies on dynamically scheduling the retransmission in case that the initial transmission is not successfully decoded. This can lead to potential error due to control information reception which is not desirable for URLLC. One solution to avoid the control signalling and its related issues is the pre-allocation of the retransmission resources. In the case when there is sufficient time to process the 1st transmission, sending back NACK/ACK and reallocating the reserved retransmission resource to a non-URLLC UE, the method of pre-allocation of retransmission resource does not cause extra resource wasting comparing to dynamic scheduling with the benefit of relaxed requirement on control channel reliability.. 

Observation 2: Conventional SPS relies on dynamic scheduling for packet retransmission, which is susceptible to errors and extra delays on retransmissions unless synchronous non-adaptive HARQ as specified in LTE is employed.
Observation 3: Pre-scheduling the retransmission for URLLC users should be supported in order to eliminate the possible errors on re-scheduling retransmissions. Reserved retransmission opportunity pre-scheduled to URLLC users should be able to be reallocated to non-URLLC users to mitigate possible wasting of resources and capacity loss.

In the case where the reserved retransmission resource cannot be re-allocated to a non-URLLC user, it would be wasted. To avoid excessive capacity loss, one proposal is to have pre-allocated retransmission resource shared by a group of users. The base station should group and coordinate the users with similar traffic characteristics, and configure them to contend for a shared retransmission resource when they fail on their initial transmission. The scheme is illustrated in Figure 2. 
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Figure 2: Shared retransmission resource for SPS UEs
It is worth mentioning that the initial transmission might not necessarily be aligned in time, as long as the processing and ACK/NACK of all transmissions should finish before the reserved retransmission moment. 

In case the initial transmission in the dedicated resource is not decoded, the shared retransmission resource (Contention Based Access) can be used. In the downlink case, if more than one UE does not acknowledge on initial transmission the BS can decide to which one it will retransmit on the CB resource. In the uplink, the BS can solve the contention by issuing a 1-bit signal like an explicit NACK (which is simpler and less error prone than a conventional scheduling signal) only to the UE that will be allowed to use the CB resource, so the collision is avoided. The other transmissions can be dropped in very low probability. With the right dimensioning of groups and initial BLER target, the probability of a failing transmission can be sufficiently low, so that the final reliability target can be achieved. The success probability with this transmission procedure can be given by the following equation:
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where P1 is the error probability on the first transmission, P1,2 is the error probability on the retransmission and N is the number of users sharing the retransmission opportunity. In the equation, the term related to a grant error probability is basically replaced by a summation term which considers the contention for use the retransmission opportunity. This depends mainly on N and on P1 (here considering that UEs have the same initial error target). It is considered that, if the retransmission is needed by more than one UE, the contention is resolved with a random decision by the base station. In this equation the possible feedback error is neglected for simplicity, but it could impact the dimensioning requiring a lower initial error target or reducing the number of UEs sharing the same retransmission opportunity.
Figure 3 shows some examples of groupings and the achieved final error probability depending on the initial BLER (taken as the error probability P1). The BLER of the retransmission is fixed to 10-5, considering the gain with soft combining. It can be observed for instance that up to 21 users on 10-3 BLER condition can be grouped to share a retransmission opportunity, still achieving less than 10-5 error probability, without the need of a rescheduling procedure.
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Figure 3: Error probability evaluation for shared retransmission scheme
A rescheduling procedure could also be avoided by performing single shot transmissions, with the error probability represented by the dashed line (no re-tx) in Figure 3. This generally demands a more robust MCS, consuming a larger amount of time-frequency resource elements. Figure 4 shows the resource efficiency gain of the proposed scheme compared to a single conservative transmission targeting 10-5 in one shot. The evaluation was based on a link model considering ideal link adaptation. In Figure 4a it is considered that the reserved retransmission resource is wasted if all grouped UEs succeed in first transmission. It can be seen that the resource efficiency is higher when larger number of users are grouped, since the probability of waste the reserved retransmission resource is lower. However it requires a more conservative initial transmission to reduce the probability of multiple UEs contenting for the retransmission. For 2 users grouping, the wasting for having the reserved retransmission resources is higher than the gain of the relaxed initial transmission. Figure 4b considers that the reserved resources can be reallocated to a non-URLLC UE (which is less strict regarding control reliability). In this case the gain is generally higher. It is important to point out that the reallocation depends on having traffic demand from non-URLLC UEs and sufficient time to perform the granting.
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Figure 4: Resource efficiency gain a)without reallocation and b) considering reserved resource reallocation
2.3. Group SPS resource allocation

In case the URLLC user data is very sporadic, for example in case of event triggered data transmission, it is possible to configure a shared SPS resource that is assigned to more than one URLLC UE.  Instead of conventional SPS, where the SPS resource is dedicated to one UE, the BS can set up a group composed of a number of URLLC UEs with similar characteristics and allocate the SPS resource to a group. For example a group of UEs with similar characteristics (for example a group of sensor devices reporting emergency situation from time to time) can share the same SPS resource allocation pattern to reduce transmission latency and to improve the efficiency of the resource utilization. Since the UL SPS resource is shared by a group of UEs, the transmission is contention based within the group and hence the UE ID needs to be sent together with the data packet. As an alternative, the BS can also assign unique, mutually orthogonal preambles to the group members that can serve for both UE activity detection and identification. BS has clear knowledge about the group members and such information can be used to effectively control the overall load and possible collisions. 
As contention based access is utilized within the group, collision and load control becomes critical especially considering the support of URLLC. Below we will show some preliminary results. Assume that there are 𝑁 URLLC UEs connecting to the same BS and in total there are K resource blocks (RB) available within a TTI for the group. Further it is assumed that one resource block is sufficient to transmit the URLLC packet. Here it should be pointed out that the size of the RB here might be different from the PRB defined in frame structure work. In this case if each UE has an independent Poisson packet arrival with average inter-arrival rate λ, the probability for one UE to have one or more packets to transmit in a TTI is:
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As discussed in the Appendix, the collision probability 
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Repetition is one way to reduce the collision probability, for example if the UE is randomly selecting the transmission resource blocks from one TTI and another TTI (repetition in time), with the repetition number M, the new collision probability becomes:
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As an example, the following Figure 5 shows the collision probability. It is assumed 10 RBs per TTI are specified for URLLC UEs with sporadic traffic and packet inter-arrival time is 100ms. From the results, it can be seen that with 10 RBs and four repetitions, more than 20 UEs can be supported with a collision probability of 10-5.  
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Figure 5 Collision probability for group based SPS

Apart from the benefit of simple repetitions shown in Figure 5, further mechanisms to control the collision probability may be needed to fulfill the stringent URLLC requirements. One straightforward method is that the BS determines the number of UEs per group and/or the periodicity of the SPS resources depending on the individual activity probabilities of the UEs. We define the activity probability as the probability that a UE utilizes a certain transmission opportunity. Based on that the BS may adapt the periodicity of group based SPS resources, or UEs report a measure for their activity probability allowing the BS to determine an appropriate number of UEs to be configured to the same SPS resources. Based on the above discussions, we propose the following:

Proposal 1: Introduce efficient ways for SPS to support aperiodic traffic or packet with variable size.

· Multiple inter-dependent SPS occasions per SPS interval can be considered to provide a proper trade-off between flexibility, efficient resource usage and overhead. 
· SPS resource allocation to a group of UEs combined with means to control the collision probability can be considered to handle aperiodic traffic to overcome the shortcoming of conventional SPS.  
Proposal 2: HARQ retransmission should be supported with SPS.

· Pre-allocation of retransmission resource shared by a group of URLLC users can be considered to improve resource efficiency and still achieve high reliability, avoiding the grant signaling of dynamically scheduled retransmission. 
3
Conclusion

In this contribution, we discussed the potential issues when applying SPS for URLLC services, especially considering the support of sporadic traffic and retransmission. Based on the discussions we have the following observations and proposals: 
Observation 1: Traditional SPS presents certain limitations to accommodate traffic with variable properties in terms of periodicity, packet arrival time and packet size. For URLLC traffic with unknown or dynamic properties, it is desirable to have a higher degree of flexibility for SPS in 5G NR.

Observation 2: Conventional SPS relies on dynamic scheduling for packet retransmission, which is susceptible to errors and extra delays on retransmissions unless synchronous non-adaptive HARQ as specified in LTE is employed.
Observation 3: Pre-scheduling the retransmission for URLLC users should be supported in order to eliminate the possible errors on re-scheduling retransmissions. Reserved retransmission opportunity pre-scheduled to URLLC users should be able to be reallocated to non-URLLC users to mitigate possible wasting of resources and capacity loss.

Proposal 1: Introduce efficient ways for SPS to support aperiodic traffic or packet with variable size.

· Multiple inter-dependent SPS occasions per SPS interval can be considered to provide a proper trade-off between flexibility, efficient resource usage and overhead. 
· SPS resource allocation to a group of UEs combined with means to control the collision probability can be considered to handle aperiodic traffic to overcome the shortcoming of conventional SPS.  
Proposal 2: HARQ retransmission should be supported with SPS.

· Pre-allocation of retransmission resource shared by a group of URLLC users can be considered to improve resource efficiency and still achieve high reliability, avoiding the grant signaling of dynamically scheduled retransmission. 
Appendix

It is assumed that one resource block is sufficient to transmit the URLLC packet. In this case if each UE has an independent Poisson packet arrival with average inter-arrival rate λ. Probability for one UE to have one or more packets to transmit in a TTI:
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The probability of one given RB out of K being taken by the UE is: 


[image: image12.wmf]K

e

K

P

P

t

RB

l

-

=

=

1


We assume in total N UEs in the group and K resource blocks (RB) available within a TTI for the group. Now, there might be a possibility that the other N-1 UEs (which we call complimentary UEs) have data transmission in the same TTI. Probability that no other UE has packet data transmission in the given TTI is
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Probability that n UEs (out from the set of complimentary UEs) have the URLLC packet transmission in the given TTI is:
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 is the binomial coefficient.

Probability that these n UEs (out from the set of complimentary UEs) do not select the given RB (RB only used by the UE of interest) in the given TTI is:
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 UEs do not collide with the UE of interest, but may collide among themselves. Now the total probability of no collision between the UE of interest and other  UEs is:
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Then the collision probability 
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Repetition is one way to reduce the collision probability, for example if the UE is randomly selecting resource from one TTI and another one, with a repetition number M, the new collision probability becomes
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