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1   Introduction
This contribution describes the issues related to supporting ultra-reliable low latency communication and proposes the high level requirements for URLLC.  It also addresses the issues related to high mobility scenarios and ultra dense deployments.  
2   Discussion

Ultra-high reliability is defined as a specified probability of successful transmission in a given time frame. 
While existing techniques, such as HARQ, can provide a certain degree of reliability, this may violate the latency requirements for some use cases.  
In order to satisfy ultra-high reliability and to guard against potential radio link failures, it may be necessary to use redundant links.  In this case, for DL and UL transmission, data is available at multiple ANs for communication to the UE.  This can be accomplished using dual or multi connectivity where the connectivity is not limited to the same RAT.  For example, dual connectivity should be supported between LTE and 5G and different types of 5G access like sub 6 GHz and mmW.  

Furthermore, multi-connectivity may span RATs on licensed cellular band as well as RATs on unlicensed bands. For example, unlicensed 60GHz band may be a good solution for Industrial Applications:

- The available bandwidths provide sufficient radio resources for high speed and low latency communication.

- The short propagation range, in combination with beam forming, may warrant sufficient interference isolation between the access points.

Additionally, tolerance of Industrial Application to system failure might be close to zero.  For example, the out of service time can be at a level of 1 minute in 30 years. Therefore, the reliability requirements shall be set at the system level in addition to the redundancy at the radio link connections. Network redundancy shall be considered as a requirement for ultra reliable communications. 
URLLC is one main driver scenario for the NR. In order to satisfy the ultra low latency requirement, it may be necessary to move the PDN GW close enough to the NR to minimize the transmission delay in the network to satisfy the RTT. 

As the PDN-GW is moving closer to RAN, the area covered by the PDN-GW will be reduced. One limitation of this solution may be that this solution cannot meet the ULL requirements in high mobility scenarios and/or in ultra-dense network deployments if the UE must detach from the serving PDN-GW and re-attach to another PDN-GW as it moves out of coverage. In order to ensure service continuity and to satisfy both the reliability and ULL requirements, the UE should always have at least one connection to a PDN-GW, especially in high mobility scenarios.  

However, these functions are core network functions and the related discussion and resolve the change of PDN-GW issue in mobility should be addressed in SA2.

3   Conclusion
The possible architecture for URLLC especially the CN function location should be further considered in SA2, and RAN3 should consider the possible enhancements in RAN based on the e2e architecture assumption in SA2. This could be captured in the TR as outlined in the TP in the annex.
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5   Annex – TP for the TR
10 Ultra-Reliable and Low Latency Communications
NR supporting Ultra-Reliable and Low Latency Communications may support end-to-end latency of 1ms as specified in TR 22.862 [y]. End-to-end latency is defined as the latency between the UE and the application server.

Editor’s note: RAN3 will work on NR RAN architecture solutions to support end-to-end latency requirements in coordination with SA2.

Editor’s note: In this section RAN3 will capture NR RAN architecture requirements and solutions to support end-to-end latency requirements defined in TR 22.862 [y].

In order to support low latency requirements, there may be a need to locate the PDN GW closer to RAN. 

In order to satisfy both the reliability and ULL requirements in high mobility scenarios, the UE should always have at least one connection to a PDN GW.  

PDN GW is defined by SA2 and any enhancement for supporting mobility is pending further work in SA2.
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