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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] includes some initial URLLC related KPIs and evaluation assumptions. Two major KPIs are U-Plane latency and reliability:
	Requirements
	value

	7.5
User plane latency

The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX.
	0.5ms for UL

0.5ms for DL

	7.9
Reliability

Reliability can be evaluated by the success probability of transmitting [X] bytes within 1ms, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality (e.g., coverage-edge).
	10-5 within 1ms and targeted user experience data rate X bytes (e.g. 20 bytes).


From last RAN1#86 meeting [4], the following items were 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”
In this contribution firstly we will shortly summarize the benefits of semi-persistent scheduling (SPS) from our previous contribution [3]. Then we discuss the potential usage of SPS and its enhancements for URLLC. 

2
Discussion of SPS for URLLC
Semi-persistent scheduling was already introduced in LTE for better support of periodic traffic such as VoIP. The major benefit resulting from SPS is the significantly reduced control channel overhead for applications that require persistent radio resource allocations. 

Considering the potential usage of SPS for URLLC, in addition to overhead reduction, SPS can bring additional benefits in terms of latency reduction and also ensure the reliability by reducing the error due to control channel as discussed in [3]. Below we just take the main findings on these two aspects and all the details can be found in [3].
2.1 Latency benefit

With the same assumption as in [2], the following Table 1 shows the achievable latency with dynamic scheduling and semi-persistent scheduling. More detailed analysis can be found in [3]. From Table 1 it is clearly visible that with SPS, assuming the traffic arrival pattern and the SPS transmission opportunities are aligned, the overall latency can be reduced from 1.25ms to 0.4375ms, which is a significant improvement. In order to maximize the latency benefits of SPS, and also to minimize the resource waste, it is needed that there is an alignment between the reserved transmission opportunities and the traffic arrival pattern, so it is not needed to wait for too long before a transmission opportunity becomes available. 

Table 1 UL Latency analysis with 0% HARQ BLER (TDD, including UE scheduling latency)
	Step
	Description
	Average latency for dynamic scheduling [ms]
	Average latency for SPS

[ms]

	1
	Data arrival + UE processing incl. Frame alignment
	1*TTI+0.1=0.225
	1*TTI+0.1=0.225

	2
	Scheduling request
	0.125
	N/A

	3
	eNB processing
	0.15
	N/A

	4
	Resource grant
	0.225
	N/A

	5
	UE processing
	0.15
	N/A

	6
	UL packet transmission
	0.225
	0.125*

	7
	eNB processing
	0.15
	0.15

	
	Latency wo retransmission (BLER=0%)
	1.25
	0.4375

	
	*Note: Transmission processing delay at UE already included in step 1.
	
	


Observation 1: Semi-persistent scheduling can reduce the U-Plane latency simply because there is no need to request resource for each UL data transmission.

2.2. Reliability benefit

For URLLC, the reliability requirement corresponding to 10-5 packet loss implies the need of a robust design for both control and data channel transmission. As discussed in [3], with the assumption of two transmission for both data and scheduling request in UL, the reliability requirement for control channels to achieve the final BLER as 10-5 is shown in Figure 1. As expected, the worse the performance of the 1st transmission, the stricter the reliability requirements on the control channels. 
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Figure 1 Reliability requirements for control channels (i.e. Scheduling request and resource grant) with different error probability assumptions of the 1st transmission (targeted BLER=10-5)
SPS configuration is implemented through robust RRC signaling and, apart from the L1 activation/deactivation commands, it operates without L1 signaling (at least for 1st packet transmissions, retransmissions can be dynamically scheduled). With the assumption that the retransmission is dynamically scheduled, the reliability requirement on resource grant can be obtained as:

	P1
	ɛRG

	1e-1
	9e-5

	1e-2
	1e-3

	1e-3
	1e-2


Comparing to the case with fully dynamic scheduling, the reliability requirement for resource grant is significantly reduced. For example, taking P1=10-2 in case of dynamic scheduling and the reliability level for scheduling request at 10-6, the resource grant has to achieve about 4x10-4. While in case of SPS, reliability level at 10-3 is sufficient. 

Based on this simple analysis, we have the following observation:

Observation 2: Semi-persistent scheduling can soften the reliability requirement on DL and UL control channel due to the pre-assigned resource pattern.

Based on the above analysis from both latency and reliability requirement on control channels, we can conclude that:
Proposal 1: Semi-persistent scheduling should be supported in 5G NR for URLLC especially for the benefit of periodic traffic. 
3
Enhanced SPS for URLLC
As discussed in Section 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, how to arrange the resource for retransmission to achieve low latency for example avoiding the complete procedure of dynamic scheduling data transmission.
As a result, it is clear that conventional SPS presents certain limitations to be directly applied to URLLC without any enhancement, and certain improvements to handle issues such as aperiodic traffic, HARQ retransmission and so on need to be investigated further in RAN1 and possibly other groups as well.

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 with the help of the introduced “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 avoiding the possible capacity loss with dedicated pre-allocated retransmission resource, pre-allocation of shared retransmission resources is introduced in Section 3.2.
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.

Observation 3: 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.

3.1. 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 idea is depicted in Figure 2. 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 the information 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 periodic message that could have not been delivered within M_SPS_O, e.g. due to a recent change of its size. 
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Figure 2: Illustration of main and optional SPS occasions
3.2. 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 increased latency and also potential error due to control information transmission/reception which is not desirable for URLLC. One solution to avoid unnecessary signalling and its related issues is the pre-allocation of the retransmission resources. To be more specific, 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 4: 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 5: 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 3. 
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Figure 3: 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) 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 an explicit NACK only to the UE that will be allowed to use the CB resource, so the collision is avoided. The others transmissions can be dropped, but with the right dimensioning of groups and initial BLER, the probability of this occurrence is very low, and the final reliability target can still be achieved.
3.3. 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 UEs. This will be different from the conventional SPS where the SPS resource is dedicated to one UE, instead the BS can set up a group composed of a number of URLLC UEs with similar characteristics and allocate 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 in a way similar to service-oriented SPS resource pool) can share the same SPS resource to reduce transmission latency. Since the resource is shared by a group of UEs, the UE ID is sent with the data packet. BS has clear knowledge about the group members and such information can be used to effectively control possible collisions. 
Based on the above discussions, we propose the following:

Proposal 2: Introduce efficient ways for SPS to support aperiodic traffic.

· 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 can be considered to handle aperiodic traffics to overcome the shortcoming of conventional SPS.  
Proposal 3: 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 without the need of re-schedule signalling for retransmission. 
4
Conclusion

In this contribution, based on the analysis of potential benefits from SPS in terms of latency and requirement, we have the following observations and proposal:
Observation 1: Semi-persistent scheduling can reduce the U-Plane latency simply because there is no need to request resource for each UL data transmission.

Observation 2: Semi-persistent scheduling can soften the reliability requirement on DL and UL control channel due to the pre-assigned resource pattern.

Proposal 1: Semi-persistent scheduling should be supported in 5G NR for URLLC especially for the benefit of periodic traffic.
In addition, the conventional SPS brings certain limitations as well and enhancements are necessary to fulfill the strict URLLC requirements. Based on the discussion of SPS enhancement, the following observations and proposals are obtained:
Observation 3: 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 4: 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 5: 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 2: Introduce efficient ways for SPS to support aperiodic traffic.

· 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 can be considered to handle aperiodic traffics to overcome the shortcoming of conventional SPS.  
Proposal 3: 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 without the need of re-schedule signalling for retransmission. 
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