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Introduction
Usually, transmission reliability and latency could be traded for each other in a design of radio system. However, URLLC, defined as Ultra-Reliable and Low-Latency Communications in TR 22.862, demands both high reliability of communication and very low latency. In terms of performance, these requirements are mutually conflicting if they are to be met simultaneously, which poses a remarkable challenge to user-plane (UP) design.
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According to 3GPP TR 22.862, the latency requirements for URLLC ranges from 1 ms to 10 ms for different use cases, ranging from automation applications, smart grid to intelligent transportation. Its reliability is labelled by a residual error rate of from 10-4, to 10-6, even to 10-9. Additionally, in the context of URLLC, those packets delivered later than the demanded latency bound are regarded as errors or invalid at such residual error rate calculation.
URLLC can be regarded as an extremely high QoS use case. Goal of simultaneously achieving such high demands impacts design principles of many components of both RAN and core network. 
This paper provides observations and discussions on ways forward on user plane (UP) design for URLLC. In the following, section 2.1 discusses about the ways forward to meet latency requirements and section 2.2 elaborates strategy to boost transmission reliability.
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[bookmark: _Toc461543512][bookmark: _Toc461543529][bookmark: _Toc461544229][bookmark: _Toc461544444][bookmark: _Toc461544496][bookmark: _Ref462069777][bookmark: _Toc462071006][bookmark: _Toc462136100][bookmark: _Toc462136165][bookmark: _Toc462222061][bookmark: _Toc462231876][bookmark: _Toc462236655][bookmark: _Toc462237425][bookmark: _Toc462243170][bookmark: _Toc462243697][bookmark: _Toc462243901][bookmark: _Toc462243941]Receiver-feedback triggered retransmissions at different UP sublayers may become questionable for their feasibility as they take several or several tens TTIs to conduct one retransmission. For PDCP sublayer, a retransmission normally may happen at SCG changes and handovers, it has a much a longer round-trip time (RTT) than a retransmission at RLC or MAC sublayer. Therefore, PDUs delivered by PDCP retransmission(s) may be highly likely to be invalid at a URLLC scenario owing to its late delivery. 
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[bookmark: _Toc461525271][bookmark: _Toc461525541][bookmark: _Toc461525655][bookmark: _Toc461539169][bookmark: _Toc461541782][bookmark: _Toc461542145][bookmark: _Toc461542440][bookmark: _Toc461543516][bookmark: _Toc461543533][bookmark: _Toc461544232][bookmark: _Toc461544447][bookmark: _Toc461544498][bookmark: _Toc462071009][bookmark: _Toc462136103][bookmark: _Toc462136168][bookmark: _Toc462222064][bookmark: _Toc462231879]For UL data transmission, according to current dynamic UL scheduling, a UE shall first send the scheduling request (SR). Once a serving eNB receives the SR,  it then sends an UL grant to the UE. Afterwards, the UE receives the UL grant and performs data transmission accordingly. This procedure not only generates overheads, but also causes delay for UL data transmission. In terms of short latency, RAN2 performed a study in latency reduction, which concluded that one way of reducing uplink latency is to do pre-scheduling. We believe that for URLLC, pre-scheduling may be needed as well. Another option is to employ contention based UL access. That is to say, a certain dedicated radio resource is specially allocated to a small group of UEs to allow them to conduct contention based UL access.
[bookmark: _Toc462414726][bookmark: _Toc462411741][bookmark: _Toc462411803][bookmark: _Toc462411869][bookmark: _Toc462412100][bookmark: _Toc462236663][bookmark: _Toc462237433][bookmark: _Toc462243178][bookmark: _Toc462243706][bookmark: _Toc462243911][bookmark: _Toc462303981][bookmark: _Toc462304050][bookmark: _Toc462307727][bookmark: _Toc462322101][bookmark: _Toc462415736][bookmark: _Toc462652589][bookmark: _Toc462662000][bookmark: _Toc462664055][bookmark: _Toc462668404][bookmark: _Toc462675257][bookmark: _Toc462738405][bookmark: _Toc462843775][bookmark: _Toc462928835][bookmark: _Toc462940835][bookmark: _Toc463010995][bookmark: _Toc463011062][bookmark: _Toc463023206][bookmark: _Toc462411742][bookmark: _Toc462411804][bookmark: _Toc462411870][bookmark: _Toc462412101][bookmark: _Toc462414727]Semi-persistent UL scheduling should be considered for URLLC at NR. Also it is up to the network to decide whether a dedicated resource or shared resource should be configured for a UE UL.
Additionally, DRX is a key enabler for power efficiency. However, its configuration for URLLC has to incline to latency reduction than power efficiency improving. For instances, DRX cycle, proper length of onDurationTimer and inactivityTimer need more considerations in design principles, even no DRX as an extreme case.
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[bookmark: _Toc461525276][bookmark: _Toc461525546][bookmark: _Toc461525660][bookmark: _Toc461539174][bookmark: _Toc461541787][bookmark: _Toc461542150][bookmark: _Toc461542445][bookmark: _Toc461543520][bookmark: _Toc461543537]Certain applications of URLLC demands extreme reliability such as residual error rate of 10-9 and this makes link budget problematic not only for payload data but also for control signalling with current transmission schemes. To mitigate this issue, different diversity tools need to be used, such as diversity transmissions at dimensions of frequency and time. Compared to frequency domain, there is a concern on diversity transmissions at time domain due to the strictly low latency requirement. But still legacy solutions like TTI bundling and ACK/NACK repetition help to enhance reliability within a certain time budget, so they are worth investigations in NR scope.
Additionally, whenever an ARQ retransmission only provides late delivery, it becomes an invalid function for URLLC. RLC UM could be one implementing option to remove the retransmissions. 
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Therefore, we have the following proposal:
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In RRC connected mode, multiple connectivity (MC) schemes with data-stream duplication and convergence done at layer 2 can be used as one tool along with other features to enable the URLLC. An example is to exploit dual connectivity (DC) defined in LTE. Specifically, if packet data units (PDUs) are duplicated and transmitted over different links, this “duplication” fashion could potentially meet demands of reliability-critical scenarios. Existing DC in LTE works only in inter-frequency scenarios, but for NR DC we may want to support intra-frequency and also in this case “duplication” could be considered. And, in intra-frequency scenarios, there may be a need for resource coordination between the different nodes to avoid interferences.

To implement spatial diversity, multi-point transmission and reception could be carried out in different ways and done with high-sublayers, such as using two bearers respectively at MCG and SCG as defined in dual connectivity, or with low-sublayers as at layer 1, e.g., to use centralized BBU but distributed RRUs. However, performance and requirement are different for various solutions.
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One potential challenge is low spectrum efficiency due to duplication. For an example, if N is the involved link number, such N times “duplication” operates at a cost of spectrum efficiency being 1/N or less. Essentially, in such “duplication”, overall spectrum efficiency and system capacity are traded for a higher reliability and lower latency of single UEs’ URLLC service. Hence, there would be a need to improve resource efficiency without sacrificing the reliability performance. For an instance, for certain URLLC use cases, some unnecessary redundancy data at links buffer become invalid (reaching the UE too late), they have to be cleared in the buffer during the duplication operation, then resource efficiency could be improved. 
Besides, according to link quality relevant measurements, it might be preferable to have PDUs transmissions adaptively “switched” between different connections where packets are sent in the most reliable/quickest link. Hence, by doing so, the overall spectrum utilization and system capacity may be comparable to those non-MC scheme. In such a sense, the “switching” category of MC can be useful to balance between serving performance of certain URLLC and overall spectrum efficiency. Definitely, its pre-condition is that possible latency increasing induced by such switching for triggering and data exchanging are allowable for certain URLLC use cases.
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Conclusion
In section 2 we made the following observations:
Observation 1	Autonomous re-transmission (i.e. TTI bundling) and limiting feedback based HARQ re-transmission times help shortening the latency, depending on different requirements of use cases.
Observation 2	Duplicated transmission with multiple TRPs can be implemented with different convergence sublayers and possesses different complexity and challenges.
Observation 3	Two MC categories such as link duplication and switching differ at gains at reliability enhancement, latency reduction, and resource efficiency. In the meanwhile, they need different feedbacks or measurements to support their operations, and possess distinct complexity at both eNB and UE.

Based on the discussion in section 2 we propose the following:
Proposal 1	For URLLC, it should be up to network configuration if to have re-transmission at PDCP sub-layer for handover cases. 
Proposal 2	Semi-persistent UL scheduling should be considered for URLLC at NR. Also it is up to the network to decide whether a dedicated resource or shared resource should be configured for a UE UL.
Proposal 3	It should be investigated if DRX for URLLC should be supported and also whether any modifications are needed.
Proposal 4	Reliability enhancement within a tight delay budget should be investigated, at least on aspects of enhancement of control and data channels for URLLC
	Network controlled autonomous retransmissions (e.g., TTI-bundling)
	RLC UM for single and multiple connectivity
Proposal 5	Regarding NR supporting of URLLC, it is necessary to investigate both categories of MC (duplicated transmission and dynamic switching based transmission) and their performance differences.
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