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1
Introduction
Ultra-Reliable and Low Latency Communications (URLLC), which can enable real-time control and automation, has been identified as one of the three usage scenarios for NR in TR38.913 [1]. URLLC puts strict requirements on latency and reliability. As defined in TR38.913, the target U-Plane latency is 0.5 ms in both UL and DL. The URLLC reliability requirement for one way transmission of a packet is 1-10-5 for 32 bytes with a U-Plane latency of 1 ms. On the other hand, it should be noted that the requirements may be varying for different URLLC services [2] such that the design of URLLC should target for different latency and reliability requirements. 
Considering resource for URLLC transmission, it was already agreed in RAN1 #86 that:

“Agreements:  
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

In RAN1#87, it was agreed that:
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”

In this contribution we provide our high-level views on the UL data transmission schemes for URLLC and the pros and cons. To be more specific, we will discuss dynamic scheduling with grant, semi-persistent scheduling (SPS) without grant and also contention-based resource allocation without grant. The detailed discussion on contention based grant free transmission and flexible SPS can be found in our companion contributions [3]
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[4].
2
Overview of UL data transmission schemes for URLLC
There are different options for UL data transmission: dynamic scheduling, semi-persistent scheduling (non-contention based) and contention based UL data transmission. Going beyond the URLLC targets set in TR38.913 and considering different factors including various URLLC traffic types, periodical/sporadic, small/large packet sizes, various QoS requirements within URLLC categories, different UL resource access schemes will have their own pros and cons. A solution must ensure sufficient flexibility towards these aspects. 
Clearly NR will support dynamic scheduling, where an UL scheduling request is sent followed by a DL resource grant. With dynamic scheduling, the network can assign the resources to the UE in a very flexible manner according to the amount of data in the buffer and hence optimize the resource utilisation. Furthermore UL URLLC traffic can be flexibly multiplexed with eMBB; URLLC traffic is to be given higher priority than eMBB to minimise queuing latency. The obvious drawback of dynamic scheduling for UL URLLC is the additional latency of the resource request and grant before the UL data transmission takes place. This delay is prolonged by potential HARQ retransmissions also using dynamic scheduling. With the very short slot and/or mini-slot concept for NR, the introduced latency of dynamic scheduling might not be a problem for some URLLC related applications. Another potential drawback of dynamic scheduling is in case of very small packets, the signalling overhead can be substantial. Finally, reception errors on the UL scheduling request or DL resource grant channels, impacts the final reliability of the UL data channel.
Observation 1: Dynamic scheduling for UL URLLC is very flexible and provides high spectral efficiency when multiplexed with eMMB traffic. The main downsides of dynamic scheduling are the inherit delay introduced by the grant hand shake mechanism plus control overhead for regular small packet transmission.
Semi Persistent Scheduling (SPS) without grant has in the past gained interests primarily because of efficient support of periodic traffic with small packet size. For example in LTE, the SPS feature was designed to reduce the control channel overhead for VoIP based services. The resources are uniquely configured to UE by an RRC signalled time interval and physical layer signalled frequency resources. Similar approach can be applied in NR as well. In case of URLLC services with periodic traffic and small sized packets, SPS can be a promising candidate for UL resource allocation. However, as pointed out in [4], SPS with resource reservation to a single user is inflexible to support sporadic traffic or to support traffic with variable packet size; either the allocated resources are wasted, or the transmission delay may become high if the buffered UL data is larger than what the allocated resources can accommodate. Compared to dynamic scheduling, SPS also overcome the delay and reliability issue caused by physical control channel errors. Efficient low latency HARQ schemes for SPS requires special attention. SPS is less flexible than dynamic scheduling to be multiplexed with eMBB traffic.  
Observation 2: SPS with dedicated resource allocation for a UE is a reliable grant free UL transmission scheme for URLLC. It is ideal for periodic traffic of fixed packet size. However, it is inefficient to support sporadic traffic or traffic with variable packet size unless resources are shared among multiple users.
On the other hand, as was agreed, for the UL transmission scheme without grant, resource may be shared among multiple users. This scheme is attractive to be used to support sporadic and aperiodic small packet transmission in URLLC to achieve the stringent delay requirement and overhead reduction. In this case, the resources are allocated to one or multiple UEs. The configuration could be through RRC signalling or based on SPS alike scheme using physical layer signalling, but due to the sporadic traffic, the time domain interval shall be configured to be short.  UEs may share the same resources and because of that, contention based transmission is employed and there might be cases that two or more UEs are transmitting at the same time with the same resources, thus collsion incurs. Therefore it needs careful resource allocation to a cerain amount of URLLC UEs to make sure that the collision only happens rarely. Besides, advanced receivers shall be considered to alleviate the impact of collision. In [3], the contention based UL transmissions for URLLC is discussed in detail.

Observation 3: Contention based grant free UL access may be attractive to support URLLC in case of low traffic load and sporadic small packet sizes. Multi-user detection is beneficial for achieving the URLLC requirements at high number of URLLC users.
The following Table 1 summarizes pros and cons of different UL data transmission schemes.
Table 1 Summary of different UL data transmission schemes
	Schemes
	Pros
	Cons

	Dynamic UL scheduling

	· Flexible support from small to large packets 
· Very spectral efficient multiplexing with eMBB if URLLC traffic is prioritized 
	· Relatively high access delay due to hand-shake.
· For URLLC, e.g., with reliability requirement of 10-5, the transmission errors in both control and data channels impacts.
· Signaling overhead for very small packets

	Contention based UL access

	· Short UL access delay in lightly loaded network.
· Efficient for sporadic small packets.

· Low signaling overhead 
	· Spectral inefficient
· Does not work well for large packet sizes (e.g. video packet)
· Advanced MUD receiver is required to ensure reliability at higher load (cope with resource collision of multiple users) 

	Semi persistent Scheduling

	· Short access delay due to pre-reserved resources
· Efficient transmission for predictive traffic
· Less sensitive to physical control channel errors. 

	· Inefficient for varying/non predictive traffic streams 
· Potential resource blocking in case of high number of URLLC connections
· HARQ requires special solution to be efficient




Based on the discussion, it can be observed that the three considered UL data transmission schemes: dynamic scheduling, semi-persistent scheduling and fully contention based UL data transmission have their own pros and cons.  
Proposal 1: At least basic SPS operation (similar to SPS in LTE) is supported in NR for efficient support of periodic traffic with predictive size.

Proposal 2: Dynamic scheduling and basic SPS should be taken as two baseline approaches for UL data transmissions for URLLC. Enhancements or new grant-free schemes should be compared against these two baseline approaches.

It is also clear that dynamic scheduling and basic SPS have their own limitation, and these limitations can be potentially addressed by a new contention-based grant-free transmission scheme and/or some SPS enhancements. We have companion contributions on contention-based grant-free transmission scheme [3] and SPS enhancements [4] that discuss more detailed solutions.
3
Conclusions
In this contribution we have reviewed the three considered transmission schemes for UL URLLC: dynamic scheduling, semi-persistent scheduling and contention based data transmission. Each scheme has its own pros and cons. We have proposed the following:
Proposal 1: At least basic SPS operation (similar to SPS in LTE) is supported in NR for efficient support of periodic traffic with predictive size.

Proposal 2: Dynamic scheduling and basic SPS should be taken as two baseline approaches for UL data transmissions for URLLC. Enhancements or new grant-free schemes should be compared against these two baseline approaches.
We have companion contributions on contention-based grant-free transmission scheme [3] and SPS enhancements [4] that discuss more detailed solutions.
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