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1 Introduction

A work item on Ultra Reliable Low Latency Communication for LTE (URLLC for LTE) was approved in RAN#76 that describes why LTE technology evolution serves use cases of URLLC with satisfying URLLC requirements which was defined ITU IMT-2020 and how to carry out this features with proposed plans (phase 1 and phase 2). In last RAN1 meeting, following agreements are made. 

	Agreement: URLLC for LTE should target the requirement defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1 ms. Additional less stringent requirements can be considered.
Agreement: In addition to (10-5, 1ms, 32 bytes packet), URLLC for LTE should target the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10 ms.
Agreement: For LTE URLLC evaluation, reliability is used as metric. The reliability definition from NR in 3GPP TR 38.802 is reused.

· Definition: Reliability is defined as the success probability R of transmitting X bits within L seconds, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality Q (e.g., coverage-edge). 

· Spectral efficiency should be considered.

· The latency bound L includes transmission latency, processing latency, retransmission latency and queuing/scheduling latency (including scheduling request and grant reception if any).

· Evaluation method: 

· Use Link level simulation based on ITU methodology (i.e. a step-wise approach)

· The fulfilment of the reliability target is verified in link level simulations at a reference SINR, i.e. Q, resulting from system level simulations.

· FFS: 

· The simulation assumptions to derive the reference SINR, i.e. Q

· The reference SINR is calibrated among companies
· Other link level simulation methodologies not focussing on the ITU requirement are not precluded.

· FFS details

· The error probability should be provided for a range of SNR

NOTE: The ITU evaluation methodology for reliability is defined in section 7.1.5 of “Guidelines for evaluation of radio interface technologies for IMT-2020” from ITU Radio communication Study Groups.



In this contribution, potential techniques for LTE URLLC are discussed to improve reliability and reduce latency in terms of control channels, data channels and HARQ procedure. 
2 
Discussions 
1.1 Pre-emption 

In Rel-15 NR work item, there was an agreement to support that URLLC data can pre-empt (or interrupt or puncture) scheduled eMBB data resource for dynamic multiplexing URLLC and eMBB. The main motivation of the agreement is to prove latency and reliability for URLLC services and to provide efficient resource utilization for eMBB and URLLC. If this feature was not introduced, eNB should reserve some frequency resources for unpredictable URLLC service even in the situation where a large amount of eMBB traffic may be happened. It will affect degradation of eMBB performance. 

On the other hand, eNB can use frequency resource flexibly by adapting various eMBB traffic arrivals regardless of URLLC service. In this case, URLLC service cannot be serviced right time if URLLC traffic happens suddenly in the situation where frequency resources are already scheduled for eMBB service. Therefore, it is important to introduce preemption concept for LTE URLLC to satisfy both URLLC requirement and flexible resource usage for eMBB and URLLC multiplexing. 

In different with NR, it does not need to have preemption indication for eMBB UEs as it gives big impact to legacy LTE UEs who would be difficult to get the preemption indication due to forward compatibility issue. Instead, NDI function is enough to remove preempted part of schedule eMBB data region even though some useful part of eMBB data can be reused for HARQ combining. 
Proposal 1: Preemption function should be introduced for LTE URLLC without preemption indication. 

Next issue is that the impact to eMBB UE should be minimized if preemption indication is applied. As mentioned before, LTE NDI function can deal with the preempted part by URLLC. However, it is enable to increase eMBB data decoding time (or reduce eMBB throughput). So, another method should be considered to minimize degradation of eMBB performance. 

One possible thing is that it supports to allow transmitting preempted data with the same HARQ process before receiving HARQ-ACK feedback from eMBB UE. For example, in case of FDD, eNB schedules eMBB PDSCH with HARQ process # 1 to eMBB UE A at subframe N, and then the eMBB UE A will report HARQ-ACK after receiving the eMBB PDSCH at subframe N+4. It would be possible that eNB have no choice but to do preemption the scheduled resource for eMBB PDSCH at subframe N for URLLC UE. In this situation, the eMBB UE will report NACK at subframe N+4 and then eNB will transmit the same PDSCH with HARQ process # 1 again by NDI toggling which is for flushing out previous received eMBB PDSCH including preempted part of eMBB PDSCH. This procedure increases delay to decode the eMBB PDSCH successfully as eNB reschedules preempted data after receiving HARQ-ACK feedback from eMBB UE. It will make 4~5 subframes delay to reschedule the eMBB PDSCH. Therefore, it is necessary for eNB to transmit the eMBB PDSCH with HARQ process # 1 prior to subframe N+4. 

Moreover, in UE point of view, it may be wasteful to report HARQ-ACK feedback at subframe N+4 if the receiving PDSCH at subframe N would be already polluted by preemption for URLLC. Accordingly, it is natural way to UE to consider HARQ-ACK report timing update that means UE follows HARQ-ACK feedback timing based on recent scheduling DCI with a certain HARQ process before reporting HARQ-ACK feedback related to the HARQ process. For example, if UE receives two eMBB PDSCH scheduling DCIs having HARQ process #1 at subframe N and N+1, respectively, UE only sends HARQ-ACK feedback at subframe N+5 upon eMBB PDSCH which was scheduled at subframe N+1. That is, UE ignores sending HARQ-ACK feedback at subframe N+4 regarding eMBB PDSCH which was scheduled at subframe N.  
Proposal 2: Enhanced HARQ procedure including HARQ feedback timing update should be considered for LTE URLLC. 
1.2 HARQ-less transmission scheme


According to last RAN1 meeting’s agreement on URLLC requirement, reliability should be satisfied with latency requirement as follows. 

	URLLC for LTE should target the requirement defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1 ms.



Herein, it should consider what the definition of latency requirement is in the view of RAN1. First of all, it is evident that URLLC requirement does not satisfy if packet transmission duration is over 1ms. Then, next thing to consider is that what the definition of packet transmission duration is. There are two kinds of perspectives. One is eNB side, other is UE side. Generally, packet retransmission would be finished if eNB gets ACK information from UE. However, it is not clear that the concept can be still applied in URLLC data transmission. Does LTE URLLC always need to require HARQ ACK feedback even if transmission duration is over 1ms latency bound? 

As an example, in downlink case, eNB will transmit URLLC PDSCH and then receive HARQ-ACK regarding the URLLC PDSCH decoding results. It needs to consider what kinds of HARQ procedure may exist. There are two alternatives. First is that URLLC packet transmission duration always includes timing of receiving ACK feedback from UE in the view of eNB. Second is that URLLC packet transmission duration does not exclude timing of receiving final ACK feedback from UE, but includes only timing of decoding packet successfully in the view of UE without HARQ-ACK feedback. If second alternative is applied, there is no need to report HARQ-ACK feedback depending on DCI scheduling timing and 1ms latency bound. 

Following figure 1 shows an example about URLLC packet transmission on whether or not satisfy 1ms latency bound for URLLC requirement. eNB sends initial transmission to UE. UE would try to decode it and report NACK if UE fails to decode. After that, eNB retransmits the same packet to the same UE. Herein, if UE would try to decode and report HARQ-ACK or NACK again as the same with previous transmission, this timing will be over 1ms latency bound. So, it might be meaning-less HARQ-ACK / NACK information from eNB side even though eNB would receive the decoding result on 2nd transmission from UE. That is, if eNB knows that result of 2nd transmission is HARQ-ACK, there is no more transmission, otherwise, gNB cannot retransmit the URLLC packet again as this packet already does not satisfy 1ms latency bound. Therefore, HARQ-ACK feedback regarding 2nd transmission would be wasteful for both UE and eNB. From UE side, UE will consume power additionally. From eNB side, eNB may overuse uplink resources unnecessarily. 

[image: image1]
Fig. 1
 example of URLLC packet transmission within 1ms latency bound


Therefore, it should be considered to have adaptive HARQ-ACK feedback mode for URLLC UE to save wireless resource and power consumption. 
Proposal 3: Adaptive HARQ-ACK feedback mode should be considered for LTE URLLC. 
3 Conclusions
In this contribution, possible techniques for LTE URLLC were discussed. Based on discussion, following proposals are summarized as below.

Proposal 1: Preemption function should be introduced for LTE URLLC without preemption indication. 
Proposal 2: Enhanced HARQ procedure including HARQ feedback timing update should be considered for LTE URLLC. 
Proposal 3: Adaptive HARQ-ACK feedback mode should be considered for LTE URLLC. 
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