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Support of the ultra-reliable low-latency communications (URLLC) service is an important component of the NR specification to meet the ITU IMT-2020 requirements for a candidate RIT/SRIT. Several enabling features of low latency communications have been introduced in Phase 1 of NR Rel-15 [1][2][3][4], namely:
· Slot and Non-slot based scheduling and HARQ design
· DL pre-emption 
· UL grant-free transmission 

More work remains to provide a complete low latency solution. In contrast, no dedicated feature addresses the requirement of ultra-reliability. Furthermore, the Phase 1 of NR Rel-15 seems more focused on eMBB scenarios, rather than URLLC scenarios. In RAN #76 and #77 meetings [5][6][7], a decision was made during the NR work item to postpone standardization of some reliability-specific features of URLLC to Phase 2 of Rel-15. This is, therefore, a good time to restart the discussion of comprehensive URLLC support in Rel-15. 
In this contribution, we present some thoughts on how to proceed for URLLC standardization in the coming 6 months. The expectation here is to produce an initial but complete URLLC solution in Rel-15 achieving the ITU URLLC requirements on latency reduction and reliability improvement.

2    URLLC support in Rel-15	
URLLC requirements depend on specific application scenarios [8]. For industrial factory environment, low mobility is a typical scenario whereas in the case of autonomous driving, moderate to high mobility should also be considered. For the data packet size, if used in industrial control or public safety, small packet sizes are typical, but for medical applications, larger packet sizes are necessary. In summary, the requirements of URLLC are quite diverse and it may be challenging to address all at the same time e.g. simultaneous support of low latency and very high reliability. Regarding these different requirements, the control plane and data plane should be optimized respectively for different use cases. In the following sub-sections, we discuss potential physical and higher layer solutions targeting a comprehensive URLLC solution in NR Rel-15.

2.1  Remaining aspects to support URLLC in physical layer
In Phase 1 of NR Rel-15, channel coding schemes were agreed for the support of the eMBB use case. LDPC code is used for the data channel, while polar and Reed-Muller codes are adopted for the control channel. For URLLC, since it requires low latency and ultra-reliablity, hence, it is essential to evaluate and determine suitable channel coding scheme for URLLC data channel transmission in the second phase of Rel-15.  

For control channel enhancement, since the first phase of Rel-15 targets eMBB services, a typical BLER target of control channel is 10-2. However, one challenging URLLC requirement is data transmission BLER of 10-5 with ultra low latency requirements. It is not possible to rely on higher layer retransmission to achieve the reliability requirements of data transmission. Enhancements to DL and UL control should therefore be considered to improve to same or lower level than data BLER performance requirement in order for data transmission to meet this URLLC requirement. Candidate solutions include DCI overhead reduction, and time/frequency/spatial diversity techniques.    

Regarding low latency, Phase 1 of NR Rel-15 provided basic HARQ and scheduling functionalities were introduced for e.g. 2-symbol and 7-symbol non-slot based scheduling. These functionalities need to be enhanced in Phase 2 including specifying performance requirements for such short transmission durations (non-slot-based scheduling). Given that URLLC service may be deployed on a different numerology compared to eMBB, it is also necessary to provide the required UL control signaling enabling support of these services.  
 
In case of latency reduction, one important aspect is to study the aspects when URLLC and eMBB are transmitted in same time. The impact of URLLC to the eMBB traffic had been studied with some preliminary solution, such as pre-emption. However, some system operations in support of URLLC and eMBB services, such as the impacts of HARQ operation and HARQ-ACK feedbacks for both URLLC and eMBB data transmission in the same time, should be studied and identified with solutions.    
To improve the data channel reliability, the scheduler needs to be less aggressive in link adaptation gain fom time diversity in HARQ operation in order to meet 10-5 BLER of URLLC reliability requirements. In order to ensure low latency when using multiple repetitions to improve reliability, early ACK notification can be considered in UL repeated transmission. As a consequence, the group based ACK channel or dedicated DCI for ACK signalling should be further investigated.  
Overall, since the requirements of URLLC are not fully met in the phase 1, necessary investigations on above mentioned techniques should be conducted in phase 2 of Rel-15 or later release.

Proposal 1: In order to support URLLC, the following L1 related optimizations need to be addressed and specified in the second phase of Rel-15:
· Channel coding re-evaluation and optimization 
· Control channel reliability improvement 
· Data channel reliability improvement 
· Optimize URLLC and eMBB multiplexing in same transmission 


2.2  Remaining aspects to support URLLC in higher layers 
Considering some applications requiring high speed mobility, such as mobile health or automonous driving, short latency and ultra-reliability in high speed case would be needed. Naturally, mobility enhancement for URLLC is very essential. Two aspects of mobility enhancements should be considered to support URLLC services; they are the continuity of data transmission during handover, and the connection reliability. In order to meet these requirements, some potential techniques can be considered. One solution to maintain the connectivity for high speed scenario is multi-point connectivity, where one UE will have multiple connections with different access points, such as beams, TRPs, or cells. A split bearer configured with DC duplication between source and target can be used as a transient configuration when UE moves from source to target. It enables support of smooth service even in high UE mobility. 

For the URLLC UE access, different RACH configurations might be needed to satisfy the UE with reliability requirements UEs. For example, URLLC UE is configured with specific RACH access class. Consequently, reliability can be achieved for the first RACH attempt. Another option is to differentiate the URLLC UE access via BI for the second RA attempt.    

General speaking, latency requirement may not be critical in the access stage, but reliability is still very important for UE initial access. For control plane and data plane optimization, both should be addressed with same weight, otherwise, the performance is unbalanced. 

Proposal 2: In the second phase of Rel-15, support following higher layer related techniques to achieve low latency and ultra-reliability of URLLC: 
· Multiple connections with different access nodes 
· URLLC specific RACH configuration

3    Conclusion
In this contribution, we first reviewed the NR Rel-15 progress in meeting the ITU requirements for URLLC. We then provided possible areas for improvements to the current NR Rel-15 specification to fully support URLLC in phase 2 of Rel-15. 
The proposals are as follows: 
Proposal 1: In order to support URLLC, the following L1 related optimizations need to be addressed and specified in the second phase of Rel-15:
· Channel coding re-evalation and optimization 
· Control channel reliability improvement 
· Data channel reliability improvement 
· Optimize URLLC and eMBB multiplexing in same transmission 

Proposal 2: In the second phase of Rel-15, support following higher layer related techniques to achieve low latency and ultra-reliability of URLLC:  
· Multiple connections with different access nodes 
· URLLC specific RACH configuration
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