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1 Introduction

Support of UL URLLC transmissions was discussed in RAN1#86bis and RAN1#87 and the following were agreed.
Agreements:
· Consider further the tradeoffs for meeting URLLC requirements for the following.

· Semi-static resource allocation for UL data transmission.

· Dynamic indication of available resource (e.g., by broadcast DCI) for UL data transmission.

· Normal SR-based transmission

· Other solutions are not precluded
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

This contribution considers transmission aspects for data channels conveying URLLC service in the UL. Support for the minimum targeted values for URLLC latency is assumed and transmissions of UL data channels without respective grants are considered; otherwise, URLLC UL data channels can be scheduled similar to eMBB ones. 

2 UL Data Channel without Grant for URLLC
Transmissions of UL data channels without associated grants or with trigger-type grants are suitable for various scenarios including ones associated with delay sensitive services, such as V2X or (indirectly) unlicensed spectrum, or with services requiring small data packets and reduced control overhead such as mMTC. A UE can determine resources for an UL data channel transmission without grant either based on prior configuration by a serving gNB, or based on carrier/energy sensing, or both. The proper choice can be determined based on the traffic type characteristics such as the target latency, whether transmission occasions can be periodic or unpredictable, and so on. 
Another factor is whether the receiver can reliably detect, for a given target BLER, interfered transmissions and the probability/control of such interfered transmissions. However, for URLLC, NOMA-type receivers are not deemed feasible to rely URLLC service upon as it is not feasible in practice to base URLLC service on the capability of a gNB to achieve a very low initial target BLER for largely uncoordinated (e.g. in terms of existence/identification/power/etc.) overlapped receptions.  

Semi-static Resource Configuration 
Semi-static resource configuration to UEs for UL URLLC resembles semi-persistent scheduling in LTE. However, URLLC has several key differences from services associated with SPS in LTE. First, the resource reservation for a UE with URLLC service needs to be continuous (not periodic) in time due to the low latency requirements. Second, URLLC services are typically unpredictable and sporadic, a respective UE is not expected to transmit continuously in time, and activation/release mechanisms are inappropriate due to the latency and reliability constraints. Third, due to the high reliability requirements in a very short transmission time (e.g. 0.125 msec), very low coding rates and low order modulation schemes are needed which in turns requires reservation of a large number of RBs, such as ~15-20 RBs for small data TBs of 20 bytes. Therefore, even for very few URLLC UEs in a network, dedicated resource configuration will result to an excessive portion of an UL system BW being unavailable (sub-6 GHz operation is assumed) and most often remain unused. Further, it is possible depending on the UL system BW and the number of UEs with URLLC service, that orthogonal resource configuration among UEs is not feasible.  

A semi-static resource reservation for URLLC traffic can also be detrimental to other services, such as eMBB. This is because due to unavailability of a potentially large portion of the UL system BW being unavailable for eMBB scheduling, opportunities for frequency selective scheduling or for multi-user spatial multiplexing can be materially reduced. This will lead to worse throughput even when eMBB transmissions do not require the whole UL system BW as BW portions that could be favorable for eMBB scheduling are not available due to configuration for potential URLLC transmissions. 
A semi-static resource reservation is also problematic due to its inflexibility. As higher layer configurations require much higher latency than tolerable for URLLC traffic and as URLLC traffic is unpredictable, it is unclear how a gNB can determine in advance the number of resources to reserve for URLLC traffic, especially if mobility needs to be supported for URLLC services, and what triggers can be used for reconfiguration while avoiding loss of URLLC traffic.  

Finally, a semi-static resource reservation introduces a design disconnection between the fully dynamic and resource “unlimited” DL URLLC operation and the constrained UL URLLC operation particularly when URLLC traffic is more likely to be UL-dominant.    

Observation 1: Semi-static configuration of resources for UL URLLC traffic requires reservation of a large percentage of an UL system BW, can result to configuration of non-orthogonal resources to different UEs, reduces eMBB throughput, and makes it difficult to adapt to variations of potential URLLC traffic. 

Dynamic Resource Selection 
Dynamic resource selection can be based on energy sensing by a UE with URLLC traffic on available bandwidth resources which can include the UL system BW or can be semi-statically or dynamically configured [1]. The overall operation is similar to the one for distributed scheduling in V2X (resource allocation mode 4) with the main difference being that time-scale for energy sensing and resource reservation which needs to reflect URLLC target latency characteristics. Dynamic resource selection can utilize the fact that, especially for small cells, BW utilization for eMBB traffic is rarely near 100% and URLLC transmissions can occur on any available part of an UL system BW as FDS is not applicable. The functional disadvantages associated with semi-static resource allocation are avoided:   

a) No/minimal impact of eMBB spectral efficiency: All UL system BW is available for eMBB FDS and multi-UE spatial multiplexing. BW available for URLLC can be the UL system BW not used for eMBB.

b) Scheduler can dynamically (per eMBB slot) adapt amount and location of resources allocated to UL URLLC transmissions.

c) Resource collisions can be avoided even when resources required by actual URLLC transmission are less than or equal to available resources regardless of the number of UEs with potential URLLC transmissions. 

Observation 2: Dynamic resource selection through energy sensing can minimize resource reservation, minimize impact on eMBB throughput, and allow for fast adaptation to variations of potential URLLC traffic.
UL URLLC Retransmissions and Repetitions 
URLLC coverage will be much smaller than eMBB coverage due to the higher reliability requirement but also due to the shorter transmission time interval. Further, although it depends on gNB/UE configuration assumptions, coverage is typically limited on the UL. As usual, coverage can be increased by HARQ retransmissions and/or by repetitions. However, given the latency constraint of URLLC, it may not be possible to rely on both.
For a U-plane latency of 0.5 msec, a transmission time interval of 0.5 msec can be supported in case of no retransmissions. In that case, it is preferable to apply rate matching over all respective OFDM symbols rather than apply rate matching over, say 0.125 msec, and repeat 4 times (potentially with RV cycling as in case of PUSCH repetitions in LTE for MBB or eMTC). 
For scheduled retransmissions, slot/mini-slot duration of 0.125 msec, and assuming that the TA and the gNB processing latency for the UL data channel detection and UL grant transmission are absorbed in one slot/mini-slot, the total latency for one retransmission is 0.375 msec assuming no delay between UL grant detection and UL channel transmission or 0.5 msec for a (small) 0.125 msec delay between UL grant detection and UL channel transmission. 

Comparing use of a longer transmission time interval versus retransmissions for a same U-plane latency, it is preferable to use a longer transmission time interval as the link budget is better, there is no dependence on correct UL grant detection, and there is no corresponding overhead or disruption of DL eMBB traffic. Further, FDS cannot be practically assumed through the use of an UL grant for retransmission of an UL channel while time diversity, if any, is actually larger when using a longer transmission time interval and the same applies for interference diversity. The transmission time interval for transmissions of URLLC UL channels can be configured by the gNB to respective UEs according to the U-plane latency requirement.
Observation 3: It is preferable to configure URLLC UL channel transmission over a longer period than to rely on retransmissions.
3 Conclusions

This contribution considered aspects for UL URLLC transmissions without grants. Based on the observations in the previous section, the following are proposed. 

Proposal 1: A UE performs dynamic resource selection through energy sensing for transmission of URLLC UL channel without an associated UL grant. 

Proposal 2: A gNB can separately configure to a UE the slot/mini-slot duration in the DL and in the UL.
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