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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 support URLLC in high mobility scenarios, the following requirements must be satisfied:

· Seamless handover is required. This will ensure that the UE always has a connection to the network with no interruption time when switching from one radio access link to another. It will also ensure that no packets are lost or delayed when switching from one radio access link to another.

· Redundant links are required for ultra-reliability on both the radio link and through the network infrastructure.  The redundant links should be provided through different RAN Access Nodes (ANs) and may be provided through different RATs.
· Robust transmission schemes must be supported. This may include simultaneous transmission across multiple radio access links.  The transmission techniques should include both coordinated and uncoordinated transmission.  
In high mobility scenarios and in ultra dense deployments, the handover interruption time will impact both the reliability and latency requirements.  One way to achieve seamless handover is to ensure that there is at least one AN connected to the UE at all times and that DL data is available at the target AN before a handover of the radio link.  For UL communication, the target AN should have the path to the core network setup before a handover of the radio link.  

As the UE approaches a target AN, it can connect to the target AN while still communicating with the current serving set of ANs.  In order to support this approach to achieving seamless handover, the following requirements should be satisfied:

· The UE context should be available at the target AN before the UE establishes the connection to the AN

· Connections to the CN for both downlink and uplink traffic should be established by the target AN before the UE establishes the connection to the AN

· DL traffic received by the RAN during the handover transition period should be available at the current serving AN and at the target AN 

In order to satisfy ultra-high reliability and to guard against potential radio link failures and network infrastructure failures, it may be necessary to use redundant links on both the radio access and through the network infrastructure.  In this case, for DL and UL transmission, data is available at multiple ANs and/or TRPs for communication with the UE.  Multi-connectivity can be used to satisfy the reliability requirement by ensuring that a UE always has at least two paths to the CN.  In the multi-connectivity scenario, the UE can be connected to multiple access nodes on the same carrier or on different carriers.  In some cases, the access nodes can be operating a different RAT (e.g. LTE and NR).  For example, dual connectivity should be supported between LTE and 5G and different types of 5G access such as sub 6 GHz and mmW.  
To ensure ultra-reliable transmission, the multi-connectivity scenario should include both coordinated and uncoordinated transmission schemes.  For example, in some cases, the multiple access nodes can be transmitting the same data at the same time using SFN transmission.  
Alternatively, other joint transmission schemes such as CoMP can be used.  

Joint transmission requires resource coordination amongst the serving ANs, which may not always be possible.    Therefore, uncoordinated transmission schemes should also be supported.  In this case, each AN may schedule DL/UL traffic to the UE independently.  

The different transmission schemes can be categorized by how the data from multiple transmission points is combined.  Data can be combined at the signal level as in SFN transmission, at the bit level as in joint transmission schemes such as CoMP or at the data level where selection combining is used.  These different types of transmission schemes should be studied for URLLC.  

One way to enable multi-connectivity is by extending the DC concept in LTE.  The 3C architecture option can be used, where there is one common PDCP entity.  

Even though only one TRP may be sufficient to ensure successful transmission, multiple TRPs should always be used for URLLC.  The multiple TRPs can form a serving cluster for the UE.  During UE mobility, the serving set of TRPs is continuously updated.  As the UE approaches a non-serving TRP, the TRP can be added to the serving cluster before the link is sufficiently strong enough for reliable transmission.  Conversely, as the UE moves out of coverage of serving TRPs, the TRPs can be removed from the serving cluster.  Since the UE may be crossing multiple hyper-cells, the serving cluster of TRPs should be able to span multiple hyper-cells.
The figure below illustrates a UE moving though the edge of multiple hyper-cells.  The serving set of TRPs is coloured ‘red’.  The non-serving TRPs are coloured ‘blue’.  In this example the serving cluster spans three hyper-cells.  As the UE moves across the hyper-cells, set of serving TRPs moves with the UE.  In this approach, the UE is always a “cell centre” UE.  
Since initial deployments of 5G may not have uniform coverage.  It is necessary to allow connectivity through multiple RATs (e.g. NR and LTE).  The transmission across multiple RATs should take into account the different interworking deployment options.  For example, NR may operate in standalone mode or it may be supported by an LTE node where either node may be the anchor node.  In the multi-RAT case, the serving cluster should contain TRPs from both RATs.  
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3   Conclusion
Based on the above discussion, we propose the following:
Proposal 1:
For URLLC, even though a single TRP could be sufficient from radio link perspective, multiple TRPs are required to ensure the reliability requirement.  The multiple TRPs can form a serving cluster for the UE.  The serving cluster, which can include both NR and LTE, can send the same data to the UE simultaneously.  Robust coding from the serving cluster can also be used to further ensure the reliability.  

Proposal 2:
In order to eliminate the handover interruption time for URLLC in high mobility scenarios, connectivity through additional TRPs providing coverage around the UE should be used.  For DL communication, data should be available at the target AN before a handover of the radio link.  For UL communication, the target AN should have the path to the core network setup before a handover of the radio link.
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