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Introduction
In the email discussion for Rel-16 LTE enhancements (other than IoT, MIMO, broadcast), the following was concluded [2] 
(IMT-2020 requirement): Moderate number of companies showed their interest, but not clear majority
· While majority of companies consider that the Rel-15 HRLLC can address IMT-2020 requirements, it is pointed out that the there might be a scenario (e.g. TDD, multi-user deployment) not satisfying the requirements. 
· If this is the case, it is reasonable to address this issue under the potential new HRLLC WI. 
· Also, leftovers/enhancements to Rel-15 WIs (sTTI & sPT, HRLLC) are proposed. However, the number of supporting companies for this activity is rather small. 
2. (Beyond IMT-2020 requirement): As for the satisfaction of tigher requrements than IMT-2020, companies’ view is diverged.
· It is a common understanding that the requrements are mainly achieved/served by NR. The LTE HRLLC could be as subset/comprement of NR URLLC.
· The question is to what extent LTE should satisfy the URLLC requirement beyond IMT-2020. Through the email discussion, no company has provided information to justify the necessity, for instance:
· (1) Constraint to deploy NR URLLC to a certain localized/specialized area, 
· (2) Necessary functionality to satisfy the requrement, and
· (3) The achievable benefit (gain) and the specification impact especially on the lower layer
· (4) Urgency to specify something in Rel-16
· Therefore, It would not be easy to come up with a clear goal of this new WI/SI at this stage, and the moderator recommends to continue discussions in RAN#80 

In this discussion paper, we provide more details on the issues related to LTE HRLLC Release 16 discussion
Discussion
Rel 15 LTE URLLC 
Release 15 LTE URLLC has been completed with a set of agreements that allows LTE to comply with the IMT2020 target of delivering a 32byte payload with an end to end latency of 1ms.  The requirement can be achieved with PDCP duplication or repetition-based schemes.  
At RAN#79, some enhancements were down-scoped. Lower MCS and the corresponding modification to CQI were part of the down-scoped items, due to the fact that a lower MCS than MCS0 is not achievable with a 20MHz LTE bandwidth. Compact DCI was shown to be unnecessary in order to comply with IMT-2020 and indeed the final design from RAN1 for downlink control shows that a reliable solution could be found with a minimum impact to the control channel. Similarly, higher aggregation levels were down-scoped since implementation specific solution such as PDCCH power boosting could provide reliability for PDCCH.
Regarding TDD, the LTE design does not allow for very low latency from its construction. Currently, 7-symbol sTTI is supported in TDD, and going below the latency level of this configuration would require significant changes to the frame structure, and is therefore not well motivated. An intermediate latency level of a few ms is possible to support with TDD however, and this should cover many of the interesting use cases for URLLC[3].
[bookmark: _GoBack]On UL performance, it should be underlined that the coverage will by necessity to some extent be related to the transmission duration for power limited UEs. Therefore, if sub-slot sPUCCH is used there will be a reduction of coverage. But better coverage can be achieved with slot sPUCCH. A trade-off between QoS and coverage is to be expected however, and should be understood.
Regarding multi-user support, a concern was expressed that IMT-2020 requirement can be achieved only by allocating most or all physical resources to a single user, thus preventing LTE URLLC to support multiple users. However, the final design of HRLLC uses PDSCH repetitions and SPS PUSCH repetitions, thus reducing the bandwidth allocated to an individual UE. Thus it is possible to support multiple users simultaneously. 


[bookmark: _Toc515897369]Release 15 LTE URLLC adequately satisfies the IMT-2020 requirements.
[bookmark: _Toc515897370]LTE TDD design does not allow for very low latency due to fundamentals of its construction.
Options for Next Step of LTE URLLC
In the conclusion of the email discussions, three options are discussed for Rel-16, listed in order of decreasing number of supporters: 
(Option 4) No further lower layer enhancements 
(Option 3) Improve the efficiency of the Rel-15 HRLLC design 
(Option 1) Satisfy additional SA1 requirements beyond IMT-2020 

The Rel-15 HRLLC design enables already efficient network operation to provide URLLC services over LTE. With PDSCH repetitions and SPS PUSCH repetitions, the bandwidth allocated to a URLLC UE can be reduced, improving thereby network resource efficiency. The wide-area use cases that we set out to meet with Rel-15 can be met, and the ITU requirements fulfilled.

On satisfying additional SA1 requirements, the email discussion concluded that, it is a common understanding that the additional requirements are mainly achieved/served by NR, whereas LTE HRLLC could be as subset/complement of NR URLLC. Further, we believe that new requirements should be linked to new use cases and these cases are more likely to be served with an NR-based solution. Services with an even higher reliability will require even more resource and the rel-15 solution has already shown that the demand on LTE resource to pass a high reliability requirement at low latency is rather large. If we couple even higher reliability services with a similar or even more stringent latency, an LTE design does not look realisitic given the LTE bandwidth. NR, on the other hand, has ample bandwidth and advanced receiver feature to offer higher potential for future use cases. Thus, we are negative about a Rel-16 study item/work item to satisfy additional SA1 requirements beyond IMT-2020.

[bookmark: _Toc515897404][bookmark: _Toc515897481]SA1 requirements beyond IMT-2020 is satisfied by NR only, or by LTE together with NR.
[bookmark: _Toc515897405][bookmark: _Toc515897482]Enhancements to LTE HRLLC are not pursued for the purpose of satisfying SA1 requirements beyond IMT-2020. 
 Conclusion
In section 2 we made the following observations:
Observation 1	Release 15 LTE URLLC adequately satisfies the IMT-2020 requirements.
Observation 2	LTE TDD design does not allow for very low latency due to fundamentals of its construction.

Based on the discussion in section 2 we propose the following:
Proposal 1	SA1 requirements beyond IMT-2020 is satisfied by NR only, or by LTE together with NR.
Proposal 2	Enhancements to LTE HRLLC are not pursued for the purpose of satisfying SA1 requirements beyond IMT-2020.
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