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1 Introduction

Support of UL URLLC transmissions was discussed in RAN1#86bis 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
This contribution considers transmission aspects for URLLC service in the UL. 

2 Aspects of UL URLLC Transmissions 

A first consideration is whether a UE transmitting URLLC data has up-to-date synchronization with a gNB. While DL synchronization is a not an issue, UL synchronization in the form of valid TA needs to be discussed particularly for intermittent URLLC traffic. For example, a UE may not have other regular transmissions and may only need to transmit when a relatively rare event occurs (e.g. machinery failure). The resolution of whether or not a UE can be assumed to always have a valid TA at the time of URLLC transmission can affect whether or not the UE can transmit URLLC using same CP as to receive URLLC. If a valid TA can always be assumed available, a separate configuration for the UL URLLC numerology is not needed; otherwise, separate configuration of the DL numerology and the UL numerology, at least with respect to the CP overhead, needs to be supported.

Proposal 1: RAN1 to conclude whether a UE can be assumed to always have valid TA prior to a URLLC transmission. 

SR/UL Grant Based Approach

Ideally, UL URLLC transmissions can operate as UL eMBB transmissions in the sense that when a UE has data to transmit, the UE can transmit SR (or BSR) to a serving gNB and be subsequently scheduled by an UL grant. An associated latency needs to include:

a) SR transmission

b) gNB processing and slot alignment

c) UL grant transmission

d) UE processing and slot alignment
e) UL data channel transmission, and 
f) gNB processing of the UL data channel

TR38.913 indicates a user plane latency requirement for URLLC of 0.5 msec in both UL and DL. Assuming a slot length of 0.125 msec, a total of 0.375 msec is needed for the SR transmission, the UL grant transmission and the UL data transmission. This leaves 0.125 msec for gNB/UE processing time and slot alignment. The gNB/UE processing time can be minimized by specification and implementation. For example, an eNB can have UL grants ready to transmit at any time to URLLC UEs since particular scheduling information is not needed and frequency-domain scheduling or spatial multiplexing are not meaningful for UL URLLC transmissions (a gNB only gets a SR anyway). Similar, the UE can encode the data in advance and the UL grant can be only a trigger with some resource allocation information while other parameters, such as MCS, can be semi-statically configured. Nevertheless, slot alignment at the UE and at the gNB cannot be reduced by faster processing for the UL grant transmission by the gNB or the PUSCH transmission by the UE and can consume/exceed all remaining 0.125 msec time budget.

Although the user plane latency requirement can be approximated (but not met) with a SR/UL grant based approach for an UL URLLC transmission, a serious disadvantage is the SR-related UL resource overhead. SR transmission opportunities need to occur continuously in time. For a same SR detection performance as in LTE, considering a time reduction by a factor of 8x (from 1 msec to 0.125 msec) for SR transmission associated with URLLC, a number of RBs needs to increase to ~8 RBs. However, SR detection performance for URLLC needs to be much better than in LTE as the product of the SR detection probability, the UL grant detection probability, and the correct detection of the UL data channel for the URLLC data needs to be above 99.9999%. This implies a miss detection probability for SR in the order of 1e-6 which will then require a considerably larger number than 8 RBs to be continuously reserved and also result to significant coverage reduction. Also, assuming channels with low delay spread, at most 18 UEs can be multiplexed in 8 RBs (assuming the LTE SR transmission structure) – the overhead will increase if a number of UEs that can potentially require URLLC service increases above 18.  
Observation 1: Scheduling of URLLC UL transmissions through an SR/UL grant exchange may not meet latency requirements, requires material UL overhead, and may result to reduced coverage.  

Semi-static Resource Configuration 
Semi-static resource configurations to UEs for UL URLLC transmission bypass the steps of SR transmission and UL grant transmission and can therefore meaningfully alleviate overall latency and reliability requirements by enabling grant-free transmissions. The overall operation resembles LTE SPS scheduling but resources need to be allocated to a UE every slot or every other slot. 
As URLLC services are typically unpredictable and sporadic, an associated resource reservation would be excessive as, in order to achieve high reliability with a very short transmission time, very low coding rates and a larger number of RBs reserved per UE would be required and the reserved resources would typically remain unutilized. Otherwise, if URLLC traffic is predictable and non-sporadic, the latency/reliability penalty from transmitting SR and UL grant would only occur once, as a UE could then be issued a semi-persistent UL grant, and their impact would be drastically reduced when averaged over multiple URLLC transmissions. Moreover, a semi-static resource reservation for URLLC traffic can be detrimental to other services, such as eMBB, as opportunities for frequency selective scheduling or multi-user spatial multiplexing can be materially reduced and a network cannot quickly adapt to changes in eMBB traffic or potential URLLC traffic (e.g. increase URLLC resources when a need is determined). There is also 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 2: Semi-static resource configuration for UL URLLC transmissions incurs large resource under-utilization and cannot quickly adapt to offered traffic that is essential for URLLC.  

Semi-static Resource Configuration with Dynamic Adaptation 
Dynamic adaptation of resources allocated per eMBB slot to UL URLLC transmissions enables fast adaptation of resources allocated for UL URLLC transmissions according to offered traffic and avoids impact on eMBB UL throughput. Associated advantages include:

a) Minimal impact of eMBB spectral efficiency: All UL system BW is available for eMBB scheduling to maximize eMBB spectral efficiency through frequency domain selective scheduling and multi-UE spatial multiplexing. BW available for URLLC can be the UL system BW not used for eMBB. 
b) Scheduler can immediately (per eMBB slot) adapt amount and location of resources allocated to UL URLLC transmissions. This can be beneficial when a scheduler observes an increase in URLLC traffic (e.g. when an increase in URLLC UL traffic is observed).

c) Avoidance of potential forward compatibility issues through dynamic resource allocation for URLLC. 

The overall operation is similar to the one semi-static resource configuration. The main difference is that the UL system BW applicable for the resource configuration can change per eMBB slot. For example, for an UL BW of 100 RBs, if pure semi-static configuration of resources for UL URLLC transmissions allocates RB#0-RB#4 to UE#0 and RB#5-RB#9 to UE#1, a dynamic configuration can indicate availability of RB#50 – RB#59 for UL URLLC transmissions and then UE#0 is allocated RB#50-RB#54 and UE#1 is allocated RB#55-RB#59. Therefore, dynamic adaptation of an available UL BW for UL URLLC transmissions is a dynamic adaptation to the RBs configured to each UE for UL URLLC transmissions. 

The drawback of dynamic adaptation is the associated need for L1 control signaling. Such L1 control signaling can be part of a UE-common DL control channel that provides additional information for an eMBB slot [1]. As the UE-common control channel needs to have enhanced reliability, its size needs to be small, e.g. about 30 bits including CRC. For the indication of the UL BW available for URLLC transmissions with 25% BW allocation granularity, a bit-map of 4 bits is needed. To account for a possibility of incorrect DL control channel detection by a URLLC UE, a minimum number of RBs (e.g. to accommodate 1 URLLC UE) can be semi-statically reserved. 
Proposal 2: L1 signaling indicates the available UL BW for grant-free URLLC transmissions over a number of URLLC slots. 
UL URLLC Retransmissions 
URLLC transmissions are associated with data TBs that are not very large and facilitate fast decoding. As the BLER for the initial transmission of a data TB needs to be small (e.g. 0.1% or 0.01%) in order to meet the reliability KPI, retransmissions will not materially contribute to average latency. Therefore, regardless of whether or not a retransmission is in the next transmission slot, the retransmission can be scheduled by a DCI format through an UL grant. The main benefit for scheduled retransmission is to avoid potentially unstable operation where previously failed initial URLLC transmissions need to content for available resources with new grant-free UL URLLC transmissions. Nevertheless, as a gNB can fail to identify an initial grant-free URLLC transmission or the UE may fail to detect an UL grant for a retransmission, a fall-back operation for retransmissions to be in the same manner as initial transmissions needs to also be supported. This can also allow a gNB to avoid transmission of an UL grant if the gNB so chooses (e.g. in case of light URLLC traffic in a cell).  

Proposal 3: Retransmissions for a URLLC data TB can be scheduled through an UL grant or be UL grant-free.

3 Conclusions

This contribution considered the support of grant-free UL URLLC transmissions and proposes the following. 

Proposal 1: RAN1 to conclude whether a UE can be assumed to always have valid TA prior to a URLLC transmission. 

Proposal 2: L1 signaling indicates the available UL BW for grant-free URLLC transmissions over a number of URLLC slots. 
Proposal 3: Retransmissions for a URLLC data TB can be scheduled through an UL grant or be UL grant-free.

In addition, the following observations are made.

Observation 1: Scheduling of URLLC UL transmissions through an SR/UL grant exchange may not meet latency requirements, requires material UL overhead, and may result to reduced coverage.  

Observation 2: Semi-static resource configuration for UL URLLC transmissions incurs large resource under-utilization and cannot quickly adapt to offered traffic that is essential for URLLC.  
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