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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#86, a WF on Supporting URLLC in NR was agreed below:
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
· Other mechanisms are not precluded
In this contribution, support of URLLC downlink transmission is discussed. Considering the critical latency requirement of URLLC traffic, a transmission region with proper numerology and frame structure should be preserved for URLLC traffic. It is proposed that URLLC and eMBB should be able to coexist in this transmission region in a dynamic manner.
[bookmark: _Ref129681832]Reliability of URLLC traffic
The reliability requirement for URLLC is 99.999% for X bytes within a user plane latency of 1ms [1]. It is difficult to reutilize legacy LTE framework to meet such high reliability, i.e., the typical BLER assumption of LTE for first transmission is 10% which may not be able to meet overall BLER of 1-10-5 within latency bound of 1ms. 
Potential ways to improve the reliability of data channel are listed below:
1. Channel coding: Turbo coding has the error floor around 1e-4, which cannot meet the reliability requirement. Enhanced coding scheme without error floor such as polar code may be desirable for URLLC [2].
2. Reduced MCS: Lower order modulation with lower code rate would be helpful to improve the reliability for URLLC traffics, especially in very poor channel conditions. However, reducing MCS would also mean loss in URLLC capacity. Balance between reliability and URLLC capacity would be considered.
3. Diversity in time, space or frequency: transmission of multiple versions of the same data.
Besides data channel, the end to end transmission of URLLC may include control channel, HARQ and CSI feedback. In that case, the reliability of all those channels should be taken into account as well. 
CSI is essential for the network to assign MCS and proper amount of resources for URLLC data transmission. From the network perspective, if this information is missing, network would have to schedule data in a very conservative way all the time, utilizing more resources than needed. This would have great impact to the URLLC capacity. Inaccurate CSI feedback at the network would reduce the efficiency as well as reliability of URLLC data transmission.
DL control channel is needed for URLLC to notify UE whether it is scheduled or not and the resource allocation information, if this information is wrong or missing, reliability of URLLC data transmission will be degraded. NACKACK error in UL control channel will cause packet loss and increased latency. The detailed discussion for DL control channel and UL control channel can be found in [3].
Observation 1: The reliability of both data channel and control channels involved in the end to end URLLC transmission scheme need to be considered.
Latency of DL URLLC traffic
Table 1  FDD Latency analysis of DL with 60 KHz and 15 KHz SCS
	Step
	Description
	60KHz SCS
[7-symbol scheduling interval]
	15KHz SCS
[1-symbol scheduling interval]
	15KHz SCS
[2-symbol scheduling interval]

	1
	BS Processing Delay
	125 us
	71.4us
	142.8us

	2
	Frame Alignment
	62.5 us
	35.7us
	71.4us

	3
	TTI duration
	125 us
	71.4us
	142.8us

	4
	UE Processing Delay
	150us
	150us
	150us

	
	Total one way delay
	462.5 us
	328.6us
	507.1us



One way transmission of URLLC traffic is required to be limited within 500us [4]. Table 1 shows latency analysis of URLLC downlink transmission by scaling down LTE component latency with 1ms TTI duration in [5], when the scheduling interval is assumed to be 7-symbol with 60kHz subcarrier spacing, 1-symbol and 2-symbol with 15kHz subcarrier spacing, respectively. For UE processing delay, we assume 10x reduction compared to LTE and adopt 0.15ms. It can be seen that if the downlink signal is modulated via 15 kHz SCS, the scheduling interval should be less than 2 symbols, while the 60 kHz SCS with 7-symbol scheduling interval could meet the 500us latency requirement of URLLC. Hence, a slot containing 7 symbols based on 60 kHz SCS can support 0.5ms one way latency. Furthermore, one or two symbols slot based on 15 kHz or less than 7 symbols based on 60 kHz SCS increases control and/or switching overhead significantly which can be avoided.
Furthermore, the component of latency is different in FDD and TDD, which is discussed below.
FDD: processing time, transmission time, and queuing time. Queuing time contain the time to wait for the available resource for URLLC transmission. Besides, when the first transmission is failed, the feedback and retransmission time need to be considered. 
TDD: processing time, transmission time, and queuing time are similar to FDD. In addition, we need to consider the waiting time for the current symbol direction conversion when the direction is opposite to what is required for arrived URLLC data. For example, if a DL URLLC packet arrives during a UL transmission slot, the DL traffic has to wait until the next DL transmission slot is available. An example with 60 kHz SCS is shown in Figure 1, where short DL/UL slot duration is 0.125ms. 
[image: ]
Figure 1 DL URLLC traffic arrival during UL sub-frame
Observation 2: 60 KHz SCS with 7 symbol scheduling interval can meet the latency requirement of URLLC traffic.
URLLC downlink transmission
Multiple services such as eMBB and URLLC would be supported by the network simultaneously. A good resource sharing scheme of eMBB and URLLC is desired to maximize the capacity of URLLC and eMBB.
In a carrier providing both URLLC and eMBB service, the URLLC traffic would always have a higher scheduling priority than the eMBB traffic due to the critical latency requirement of URLLC service. As we discussed in [1], TDM is not a proper manner to support the coexistence of services with diverse latency requirements. Hence, FDM should be considered as a starting point to support URLLC and eMBB coexistence in common carrier. Two regions can coexist in flexible FDM manner, where in the first region (eMBB only region), large eMBB packets can be scheduled, and in the coexistence region, small eMBB packets can share resources with sporadic URLLC traffic. The numerology and frame structure of coexistence region should be designed to meet the critical requirement of URLLC. 
Proposal 1: FDM should be considered as a starting point to support URLLC and eMBB coexistence in common carrier.

 Coexistence region design

[image: ]
Figure 2 FDM between eMBB only region and coexistence region in FDD 

[image: ]
Figure 3 FDM between eMBB only region and coexistence region in TDD
If the downlink transmission signal is modulated via 15 kHz SCS, the scheudling interval has to be narrowed down to one or two symbols. In that case, control overhead may increase significantly and RS efficiency would be quite low (i.e., # pilot symbols used in proportion to data will be high). Comparatively, if the downlink transmission signal is modulated via 60 kHz SCS, 7-symbol scheduling interval could be adopted to shorten RTT. In this case, RS can be placed at the beginning of every slot (time fading is limited due to short duration) and the RS overhead would be quite low. Besides, 7-symbol slot offers better scheduling flexibility and enables uniform design across scalable numerology. In RAN1 # 86, it was agreed that slot would contain y symbols which is independent of numerology. 
Proposal 2: NR should support eMBB and URLLC coexistence at larger SCS, e.g., 60 kHz, for flexible and dynamic scheduling.
An example of eMBB only region and coexistence region in FDD is given in Figure 2, where same slot definition is utilized for both regions, e.g. 7-symbol slot. The alignment between slots with different subcarrier spacing is benefical to dynamically schedule eMBB traffic in both region. Moreover, less standardization effort would be required, correspondingly. In TDD case, as shown in Figure 3, downlink/uplink/gap positions are aligned across eMBB only region and coexistence region. Large eMBB packets are scheduled in the eMBB only region without any interruption of URLLC burst. In coexistence region, a strategy of hyrid scheduling URLLC and eMBB traffic could be adopted., in particular small eMBB packets can be assigned in that region. Small eMBB packets are scheduled in the coexistence region with TB size fitting in one URLLC slot (0.125ms). eMBB packets could be scheduled by bundling multiple slots. In Figures 2 and 3, URLLC and eMBB scheduling intervals are assumed to be 0.125ms and 0.5ms, respectively. 
Proposal 3: Slot alignment should be supported between eMBB only region and coexistence region.
In the case of large SCS, e.g., 60 kHz, multiple CP lengths to cover the different delay spread would be beneficial [1]. For example, if 60 kHz SCS is adopted over a large BW in a TDD carrier, one traffic type may span much larger BW than other traffic type. If the channel is highly frequency-selective, then the traffic scheduled over a larger portion of the BW may need a longer CP than other traffic coexisting in same 60 kHz SCS. In the case of TDD, frame alignment is needed. In Figure 4, we show different CP length coexistence for 60 kHz SCS with slot boundary alignment, which symbol boundary alignment cannot do.  


Figure 4 Slot alignments with different CP

Hybrid scheduling of URLLC and eMBB in coexistence region
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In coexistence region, URLLC scheduling could be slot by slot for meeting the critical latency requirement, as shown in Figures 2 and 3. Meanwhile, eMBB scheduling may adopt bundling of slots in coexistence region with a common control information at the beginning of eMBB scheduling interval. Note that this approach does not require puncturing because if resources of an eMBB TB is re-scheduled to URLLC, the eNodeB will attempt to transmit that postponed eMBB TB(s) later, thus requiring no changes in HARQ procedure (e.g., code block level HARQ, outer code to protect eMBB transmission from busrty interference, or weighted HARQ combining to account for degraded transmissions). If transmission of one or more TBs are postponed after eMBB is scheduled for bundled slots, a low overhead indicator can notify the eMBB UE of the updated scheduling. For example, eMBB UEs in coexistence region will monitor one bit indicator every URLLC slot whether that TB is transmitted or held.
Observation 3: URLLC and eMBB traffic can coexist without collision via 1-slot or multi-slot scheduling time interval in the coexistence region.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discuss how to support URLLC in DL from reliability, latency, and coexistence with eMBB perspective; we have the following observations and proposals:
Observation 1: The reliability of both data channel and control channels involved in the end to end URLLC transmission scheme need to be considered.
Observation 2: 60 KHz SCS with 7 symbol scheduling interval can meet the latency requirement of URLLC traffic.
Observation 3: URLLC and eMBB traffic can coexist without collision via 1-slot or multi-slot scheduling time interval in the coexistence region.
Proposal 1: FDM should be considered as a starting point to support URLLC and eMBB coexistence in common carrier.
Proposal 2: NR should support eMBB and URLLC coexistence at larger SCS, e.g., 60 kHz, for flexible and dynamic scheduling.
Proposal 3: Slot alignment should be supported between eMBB only region and coexistence region. 
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