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Introduction
It is agreed in RAN1#85 that [1]
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs
· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported
· FDM and/or TDM multiplexing can be considered
And in RAN1#86, it is further explained that [2]
· 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 sub-bands) to allow multiplexing of different durations of transmission
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Other mechanisms are not precluded
· A UE has one reference numerology in a given NR carrier which defines sub-frame duration for the given NR carrier
· FFS: In a given NR carrier, whether different UEs may have different reference numerologies or may not
· Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) sub-frame duration(s) from a UE perspective

Based on the basic characteristics agreed for URLLC transmission, this contribution targets to provide an overview of URLLC support related to frame structure, resource allocation, and transmission scheme aspects. In particular, a) different URLLC use cases, traffic characteristics and performance requirements, b) flexible FDM multiplexing of numerologies to support URLLC with other traffic types, and c) DL and UL URLLC transmission schemes, with the options of coexistence with eMBB will be discussed.

2. [bookmark: _Ref129681832]URLLC Use Cases and Requirements
2.1 Use Cases 
Deployment scenarios for URLLC include different use cases, which have different KPIs. Some of the important URLLC use cases include eHealth, industrial factory automation, vehicle-to-everything communications (V2X), autonomous driving applications, smart grid, and tactile internet, among others [3]. However, general KPIs, such as data rate up to 300 Mbps, target latency of 1ms with reliability of 1 – 10-5[4], need not be met all at the same time. The requirements need to be clarified for each scenario. For example, eHealth may need data rate up to 300Mbps for robotic surgery, whereas data rate for industry automation can be low, up to 5Mbps. In particular, for eHealth monitoring and treatment services, different deployment scenario such as indoor hotspot, dense urban, rural environments are applicable. Different medical applications require different data rate, reliability, and latency. On the other hand, some control scenarios in industrial automation may require reliability even lower than 1-10-5, and deployment scenario can be indoor hotspot or dense urban. V2X target scenarios can be very diverse, involving vehicle movement, pedestrian movement, and specifically, large proportion of V2X traffic requires broadcast and multicast transmissions. URLLC & eMBB services are provided (and consumed) by a single source concurrently (cf. Figure 1). One example is sensor data sharing + emergency braking with FDM and/or TDM multiplexing. URLLC design should consider satisfying combined requirements of high reliability (1-10-5) and low latency (in some cases << 10ms) for broadcast and multicast transmission, and retransmission technique. Emergency messages and vehicle warning messages with ultra low latency needs to be broadcasted over sidelink for a short distance or with broadcasting relaying for coverage and reliability enhancement. Assistance from a Base Station (BS) is required in case of transmitting vehicle’s warning message over a wider area. Therefore, Vehicular UE needs to be able to send information to BS via unicast UL transmission wherein BS uses DL broadcast or multicast group for transmitting this information to wider area. The base-station should pre-configure DL & UL resource for such use-case to avoid latency due to scheduling decisions. Co-operative short distance grouping needs end-to-end latency of 3ms, message size of 50 bytes and message arrival rate of 100Hz [5]. In general, as reliability requirement is quite high for these applications, appropriate traffic model, accurate modelling of channels, and interference scenario need to be taken into account. 
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Figure 1: Connected car concept includes wide range of features and requirements.

2.2 KPI Requirements
The key requirements for URLLC relate to U-plane latency and reliability [4]. For URLLC, the target user plane latency is 0.5ms each way for both UL and DL. The target reliability is 1- 10-5 for X bytes within 1ms.
One of the important factors of user plane latency is processing delay which is expected to be proportionally reduced based on slot duration. For DL scheduled transmission, frame structure should support short RTT to meet latency target. In UL, UE access delay (i.e., the time required to obtain resources for UL transmission) and in particular, delay due to SR significantly contributes to latency. If UEs are allowed to transmit in grant-free manner in UL, the additional access delay to receive the scheduling grant can be avoided. HARQ RTT needs to be short enough to meet 1ms latency with 1-10-5 reliability. In particular, short interval with quick A/N opportunity can be an enabler for achieving low latency. Self-contained interval and option for dynamic UL/DL switching can be exploited in TDD systems to lower latency. Unlike UEs transmitting eMBB and mMTC traffic, URLLC UEs are likely to be in a more active state. Network can configure a suitable frame structure with appropriate DL:UL split, based on number of UEs and QoS requirement. If diverse traffic types are supported within a same carrier, the slot types and numerology need to be carefully chosen to meet the KPIs. On the other hand, to satisfy reliability requirement, appropriate channel code design and diversity techniques need to be employed. Ideally channel code design should ensure mitigated or no error floor at 1-10-5; one possible candidate being polar code. Different forms of diversity transmission should be supported to achieve high reliability. As large BW may not be dedicated for sporadic small packet transmission, different forms of spatial diversity (co-located or distributed MIMO) can be used. Multi-link and multi-carrier support can also boost reliability. On the other hand, for DL scheduled transmission, control channel design is important, given the fact that reliability requirement is quite high. Low overhead control channel design for reliable short packet transmission is a challenge, which should be emphasized in NR study. More discussion on control channel design and reliability can be found in [6].
Observation 1: Short transmission intervals are necessary for URLLC traffic to meet its critical requirement of latency.
Observation 2: NR should support different forms of diversity transmission and robust channel coding to meet reliability target for URLLC.
3. Discussion on URLLC support in NR
As discussed in previous section, 1-10-5 reliability within 1ms needs to be achieved for URLLC service. On the other hand, eMBB and mMTC services are delay tolerant. Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is agreed [7] to support various use cases with diverse latency requirements. Therefore, a frame structure of NR should be configurable with different numerologies, such as subcarrier spacing, cyclic prefix length, and GP (Guard Period). Coexistence of different traffic types within a same carrier can be obtained by FDM and/or TDM. In FDM, scalable or same numerology can be used and different traffic types are supported with suitable numerology in the assigned sub-band for that numerology. In TDM, diverse traffic types are supported over the same BW by same or different numerology with different durations.  
Suitability of TDM based support for eMBB and URLLC in same time/frequency resources needs more careful consideration, in particular for the following reasons:
1. Dynamic scheduling of URLLC services in one/two symbols by puncturing ongoing eMBB transmission may degrade the eMBB performance due to bursty interference, and consequently eMBB code-block design and HARQ process needs to be re-designed, which may not be trivial. Furthermore, with increasing URLLC traffic, puncturing will further increase effective code rate of eMBB, and more re-transmissions may be needed.
2. Whole bandwidth scheduling of one URLLC packet is not scalable to increasing URLLC traffic, and it is power-limited in UL.
3. Pilot efficiency can be low for one/two symbol based URLLC transmission over a large BW
4. If puncturing is not used, TDM based scheduling may incur prohibitive delay for URLLC transmission.

On the other hand, FDM can be suitable for mixed and/or same numerology coexistence to support diverse traffic for the following reasons:
1. Good forward compatibility, e.g. a further introduced service may be supported in a dedicated frequency portion different from the legacy service.
2. Flexible coexistence of low latency (e.g., URLLC) and latency tolerant (e.g., eMBB) traffic based on scalable sub-carrier spacing (SCS) and uniform slot duration (in # of symbols) to satisfy different latency requirement, which simplifies design.
3. Support for dynamic joint scheduling of eMBB and URLLC can be achieved, when both traffic can be assigned in shared resources, especially in numerology with larger SCS and shorter slot duration. Latency tolerant eMBB traffic can be scheduled for multiple slots, whereas URLLC can be scheduled on a per slot basis, cf. Section 3.1 and [8].
4. Pilot efficiency can be improved by using scaled SCS to support low latency communication. If larger SCS e.g., 60kHz and short slot duration of 0.125ms is adopted, pilots can be mapped at the beginning of the slot in a symbol (as time fading is limited) and can be used for reliable channel estimation over the whole slot.
Proposal 1: FDM should be considered as a starting point to support URLLC and eMBB coexistence in same carrier.
On the other hand, reserving some BW for sporadic traffic such as URLLC can hurt system utilization. Hence, some eMBB traffic can be opportunistically assigned in the same time-frequency resources as URLLC. Unutilized resources in the coexistence region can be scheduled to eMBB which can potentially increase system capacity. FDM has inherent advantage over TDM, as FDM allows for the option of joint scheduling of eMBB and URLLC traffic in shared resources, as mentioned above. However, coexistence needs to be controlled such that URLLC KPI is met, and at the same time, eMBB performance is not degraded much. Overview of DL and UL coexistence solutions based on FDM are discussed below.
3.1 DL URLLC Transmission
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                        Figure 3. FDM based dynamic resource sharing by eMBB and URLLC 
In DL, dynamic resource sharing and scheduled transmission can be adopted for URLLC. As mentioned above, FDM provides the flexibility to schedule eMBB and URLLC together in shared resources. In Figure 3, an example is shown where two regions are identified; eMBB only region and coexistence region. Large packets of eMBB UE can be scheduled in the eMBB only region, whereas some small eMBB packets may coexist with URLLC traffic in coexistence region. The area of the regions can be adjusted based on load condition. To lower overhead, eMBB can be scheduled by bundling multiple slots in coexistence region. If URLLC packets arrive after eMBB is scheduled, the system postpones transmission of one or more TBs of eMBB and assign the resources to URLLC traffic. eMBB UEs can be notified of this during the transmission. This does not require puncturing, which is otherwise needed for TDM based coexistence when eMBB has longer interval than URLLC slot.  More details on dynamic resource sharing in DL can be found in [8]. 

Proposal 2: NR should support dynamic resource sharing for eMBB/URLLC coexistence in DL. 
3.2  UL URLLC Transmission
In UL, scheduled transmission may result in increased latency which may not be desirable. In fact, this is one of the bottleneck for URLLC transmission in UL because if the UE does not have any UL resources available, it needs to wait for obtaining the UL grant, and the delay could be large in TDD systems. Hence, grant-free transmission can be adopted for UL URLLC. Discussion on latency performance for scheduled and grant-free transmission in UL is provided in [9]. Resources can be pre-configured and mapped to a group of UEs, which can be updated semi-statically and known to network and UEs. UEs may also use contention-based non-orthogonal multiple access and advanced receiver architecture can be used to resolve collision and improve reliability.  Both A/N-less or A/N-based re-transmission can be adopted. More details on the UL URLLC grant-free transmission mechanism can be found in [9].
In view of Section 3.1, eMBB and URLLC can also be multiplexed in UL over same time-frequency resources to improve resource utilization. However, dynamic resource sharing may not be possible as ongoing eMBB transmission cannot be interrupted to support UL URLLC. Hence, for eMBB/URLLC coexistence, semi-static configuration can be adopted for resource sharing and it is necessary to ensure controlled collision between eMBB and URLLC traffic, so that URLLC reliability requirement can be met. eMBB scheduling in the coexistence region may take into account the URLLC UE mapping, cf. [9], such that chances of repeated collision between eMBB and a group of URLLC UEs are minimized. As it is possible that eMBB traffic may superimpose on URLLC traffic, interference cancellation may need to be adopted at the receiver in case of a suspected collision.  More details on coexistence scenario can be found in [9].                                                  
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  Figure. 4 Semi-static resource sharing for eMBB/URLLC coexistence in UL

Proposal 3: NR should support semi-static resource sharing for eMBB/URLLC coexistence in UL. 
3.3 Frame Structure 
As mentioned in Section 2.2, short transmission unit or slot is necessary to meet latency requirement for URLLC transmission. Exploiting the flexibility of FDM, short slot duration for URLLC traffic can be obtained by adopting larger SCS, e.g., 60kHz and 7 symbols, which results in 0.125ms duration. To meet one way latency of 0.5ms, [8] and [9] discuss that duration of 0.125ms based on 7 symbols and 60 kHz SCS for URLLC slot can be sufficient. Further reducing number of symbols per slot may incur additional switching and/or control overhead that can be avoided [10]. Adopting 60 kHz SCS, suitable frame structure type can be adopted, depending on UL or DL, and transmission is based on A/N or not. For example, in DL, short self-contained interval can be used because quick A/N feedback is needed, whereas if A/N-less re-transmission is adopted for UL grant-free transmission, UL-only slots can be used and UE can immediately re-transmit after first transmission, without waiting for any feedback.  Some examples of self-contained and UL-only TDD structures are shown in Figure 5. Depending on load distribution and/or coexistence with other SCS in FDM manner, number of GP and UL/DL symbols can be adjusted. Similarly for FDD, one URLLC slot may consist of 7 symbols and 60 kHz SCS.
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Figure 5. TDD frame structures (a) DL-only slot followed by a DL-dominated slot, UL opportunity comes every 0.25ms (b) DL-dominated slots, UL opportunity every 0.125ms (c) UL-dominated slot followed by a UL-only slot, A/N feedback can come every 0.25ms, and (d) UL-only slots. 
Efficient frame structure design is even more important when multiple traffic types coexist in a same carrier. For example, a FDD carrier may support URLLC traffic in 60 kHz band and nominal eMBB traffic can be assigned in 15 kHz band. eMBB traffic may opportunistically be assigned in URLLC band by bundling multiple URLLC slots. In Figure 3, eMBB only region may adopt 15 kHz with 7 symbols per eMBB scheduling interval or slot, whereas URLLC slot is based on 60 kHz SCS and 7 symbols. eMBB traffic scheduling interval in URLLC band may align at the boundary of eMBB slot, consisting of 7 symbols with 15 kHz SCS.
Proposal 4: NR should support frame structure where one URLLC slot contains 7 symbols with 60 kHz SCS. 
4. Conclusions
In this contribution, we provide some overview of URLLC transmission requirements, use cases, suggestions for frame structure, and enabling solutions for DL and UL transmission, with the option of coexistence with eMBB. The observations and proposals are as follows:
Observation 1: Short transmission intervals are necessary for URLLC traffic to meet its critical requirement of latency.
Observation 2: NR should support different forms of diversity transmission and robust channel coding to meet reliability target for URLLC.
Proposal 1: FDM should be considered as a starting point to support URLLC and eMBB coexistence in same carrier.
Proposal 2: NR should support dynamic resource sharing for eMBB/URLLC coexistence in DL. 
Proposal 3: NR should support semi-static resource sharing for eMBB/URLLC coexistence in UL. 
Proposal 4: NR should support frame structure where one URLLC slot contains 7 symbols with 60 kHz SCS.
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