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1. Introduction
According to the SID for new RAT [1], URLLC (Ultra reliable and low latency communications) is one of the targeted applications as follow.

	(1) Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including
· Enhanced mobile broadband

· Massive machine-type-communications
· Ultra reliable and low latency communications 


This contribution discusses mechanisms to support URLLC including ways to allow efficient multiplexing between URLLC and eMBB in unpaired spectrum. 
2. Discussion
As discussed in our companion contribution [2], to support various URLLC applications, both low latency and high reliable uplink and downlink transmissions need to be considered. Furthermore, to handle reliable transmission, efficient handling of HARQ-ACK transmission is also necessary [3, 4]. In terms of supporting URLLC traffic, generally, two approaches can be considered – (1) URLLC-dedicated carrier (2) URLLC-eMBB multiplexed carrier. We discuss each approach respectively with possible solutions to efficiently support URLLC traffic. 
2.1. URLLC-dedicated carrier

The dedicated carrier can be in paired or unpaired spectrum. In case paired spectrum, as there are always uplink and downlink resource available at any time, the lower latency and higher reliability can be achieved via proper channel design, TTI design and other procedures. On the other hand, in case of unpaired spectrum, since downlink and uplink resources may be separated in time domain, unless very fast DL/UL resource switching/multiplexing is used, there could be potential challenges to meet the latency requirement. Based on the analysis [5], the subframe or mini-subframe for URLLC carrier needs to be smaller than 0.2msec, and also, SR resource or contention UL resource should be present with very short period such as 1 or 2 TTI. Thus, one example of URLLC-dedicated carrier option in unpaired spectrum is to use larger subcarrier spacing such as 60 kHz and use a subframe with shorter length such as 7 OS. In each subframe, it can be assumed that downlink and uplink control portion is present such that SR and scheduling message can be transmitted in every subframe. In other words, with proper use of mini-subframe and numerology configuration, dedicated carrier may support both DL and UL URLLC traffic.  
Proposal 1: Mini-subframe is considered for supporting low latency applications. 

2.2. eMBB-URLLC shared carrier
The issue of URLLC support in case where eMBB and URLLC can be multiplexed in the same carrier can be a bit challenging as the subframe and numerology configuration suitable for URLLC may not be effective for eMBB. For example, as mentioned in 2.1, in case larger subcarrier spacing such as 60 kHz is used for low latency with normal CP, the chosen numerology can be very inefficient for eMBB traffic when delay spread is larger (e.g., >= 300us) as shown in the companion contribution [6]. Furthermore, employing (mini-)subframe structure desirable for low latency traffic for eMBB as well may not be effective due to higher control overhead. Thus, multiplexing of different numerologies to support resource sharing between eMBB and URLLC can be necessary. 
For the multiplexing of two usage scenarios, we consider the following cases in both paired and unpaired spectrum: eMBB DL burst – URLLC DL, eMBB DL burst– URLLC UL, eMBB UL burst – URLLC DL, and eMBB UL burst – ULLLC UL. 
(1) eMBB DL burst – URLLC DL

To allow multiplexing eMBB and URLLC, both TDM and FDM approach can be considered. When FDM is considered, some frequency region can be reserved for possible URLLC DL scheduling in paired DL spectrum or unpaired DL burst. When TDM is considered, subframe may be divided into a smaller unit e.g. mini-subframe for URLLC, and then a few time slots can be reserved for URLLC traffic where eMBB downlink transmission will be rate matched on the reserved resources. TDM and FDM approaches are illustrated in Figure 1. 
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Figure 1. TDM and FDM between URLLC and eMBB

In case URLLC traffic may not occur so often, it is also considerable to allow URLLC data to pre-empt eMBB DL transmission (i.e., puncture eMBB transmission). Though this approach would affect eMBB DL data performance, when the same direction of URLLC and eMBB data multiplexing is considered, either TDM or FDM approach can be considered with or without explicit resource reservation. However, it is noted that the availability for URLLC DL is restricted to eMBB DL burst portions in case of unpaired spectrum unless some other mechanisms mentioned in below are considered. Similar mechanism can be also applied to eMBB UL burst and URLLC UL multiplexing. 

(2) eMBB DL burst – URLLC UL
This type of multiplexing can occur both in paired and unpaired spectrum. In paired spectrum, if there are heavy on-going eMBB UL traffic, it is more desirable not to reserve or disturb on-going uplink. Rather, underutilized downlink spectrum can be shared with URLLC traffic. In such a case, URLLC UL can occur in DL spectrum. In unpaired spectrum, if this type of multiplexing is not supported, latency of URLLC UL cannot be guaranteed in certain scenarios. In terms of supporting multiplexing of eMBB DL burst and URLLC UL, the following approaches can be considered in unpaired spectrum or DL spectrum when URLLC UL and eMBB DL is shared in paired spectrum. 
(a) URLLC UL resource reservation in every subframe: similar to TDM between eMBB DL burst and URLLC DL, some portions can be reserved for URLLC UL in every subframe. In the reserved UL resource, the network can listen on any possible URLLC UL transmission including SR or contention based resource. 
· As reserving URLLC UL resource semi-statically leads inefficient resource usage, some better mechanisms of handling dynamic adaptation of URLLC UL portions can be considered by treating semi-static and dynamic URLLC UL resource differently. For example, SR resource or contention based resource which are configured semi-statically are assumed to be not used for eMBB DL transmission. For other potential URLLC UL resource for handling dynamic URLLC traffic via scheduling, it can be handled by the network. Semi-static URLLC UL resource will not be used for any DL data mapping whereas dynamic UL resource can be used for DL data mapping, though the data mapping can be first done in non-URLLC UL possible OFDM symbols and then mapped to URLLC UL possible OFDM symbols to possibly protect system bits. This can be done by indexing OFDM symbol index differently as shown in Figure 2. The DL data mapping can be done in order of OFDM symbol index. The use of dynamic URLLC UL resources for eMBB data mapping can be determined by scheduling with DL burst length. 
[image: image2.png]semi-static URLLC UL reserved

dynamic URLLC UL by scheduling

OFDM symbol index




Figure 2. OFDM symbol index first in non-UL possible OS and second in dynamic UL-possible OS

(b) DL/UL FDM in a band: as discussed in our companion contribution [7], another approach to allow multiplexing URLLC UL and eMBB DL burst is to support DL/UL FDM in the same band. This would require necessary guard band and possibly some cancellation at the receiver side. 

(c) Symbol TDM between DL and UL: another approach is to allow very fast DL-UL switching in an OFDM symbol level and possibly within a symbol. By allowing DL and UL switching in every OFDM symbol with reducing OFDM symbol length using larger subcarrier spacing, this approach can support virtually simultaneous DL-UL transmission which can result in similar effect to FDM between URLLC UL and eMBB DL burst(or URLLC DL and eMBB UL burst). 
(3) eMBB UL burst – URLLC DL
This type of multiplexing can occur in both paired and unpaired spectrum. In paired spectrum, to protect eMBB DL and also reduce the interference on URLLC DL transmission, utilizing uplink spectrum for URLLC UL as well as DL transmission can be considered. In unpaired spectrum, this type of multiplexing needs to be handled when the subframe is used for UL subframe. Though this type of multiplexing can be done via FDM or TDM, as URLLC DL is scheduled by the network, resource puncturing on eMBB UL burst can be considered as well where the impacted UL transmission can be retransmitted via the network scheduling. However, to reduce interference from eMBB UL transmission on URLLC DL, it is also considerable to reserve some URLLC DL resources in a symbol level or allow FDM between DL and UL in a band. 
Proposal 2: Finer granularity TDM e.g., mini-subframe or (sub-)symbol level DL/UL switching between eMBB and URLLC resource needs to be supported both DL and UL URLLC traffic and corresponding HARQ-ACK transmissions. 

Proposal 3: Utilizing paired UL spectrum to transmit URLLC DL should be further investigated. 

Proposal 4: Semi-static URLLC UL resource configuration within a subframe is necessary at least for SR or contention based uplink resource when URLLC is multiplexed with other usage scenarios in a NR carrier. 
3. Conclusions

This contribution discusses how to handle URLLC transmission, particularly focused on multiplexing case with eMBB in a NR carrier. When full duplex is not supported, mechanisms to allow very fast switching between DL and UL resources are necessary not to delay URLLC DL and UL transmissions. 

The followings are the proposals. 

Proposal 1: Mini-subframe is considered for supporting low latency applications. 

Proposal 2: Finer granularity TDM e.g., mini-subframe or (sub-)symbol level DL/UL switching between eMBB and URLLC resource needs to be supported both DL and UL URLLC traffic and corresponding HARQ-ACK transmissions. 

Proposal 3: Utilizing paired UL spectrum to transmit URLLC DL should be further investigated. 

Proposal 4: Semi-static URLLC UL resource configuration within a subframe is necessary at least for SR or contention based uplink resource when URLLC is multiplexed with other usage scenarios in a NR carrier. 
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