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1   Introduction
This contribution describes the issues related to supporting ultra-reliable low latency communication and proposes the requirements for URLLC.  It also addresses the issues related to high mobility scenarios and ultra dense deployments.  
2   Discussion
Reliability is defined as a specified probability of successful transmission in a given time frame.  For URLLC, the reliability requirement is 1x10-5. This means that the packets must be correctly received within the latency requirement.  While existing techniques, such as HARQ, can provide a certain degree of reliability, this may violate the latency requirements for some use cases. If the latency requirement is 1 ms then HARQ and ARQ cannot be used to ensure the reliability of the transmission.  In this case, other techniques are required to ensure the reliability is satisfied especially in mobility scenarios.  
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 RAN node connected to the UE at all times and that DL data is available at the target RAN node before a handover of the radio link. For UL communication, the target RAN node should have the path to the core network setup before a handover of the radio link.  

In order to reduce the probability of RLF during mobility, enhancements to the handover procedure are necessary. If the UE is at the cell edge, initiating a handover to the target node too early may result in a RLF of the target node.  Similarly, if a handover is initiated too late then a RLF may occur at the source node.  In order to ensure that there is no packet loss due to handover and to minimize the probability of RLF, simultaneous communication with both the source and target nodes is necessary for cell edge UEs.  

The redundant transmission provides resilience to link failure.  It also reduces delay due to failure detection and recovery. 

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.
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.
In DC/MC, DL packets are sent to the secondary RAN nodes over the Xn interface.  UL packets are received from the multiple RAN nodes over the Xn interface.  The protocol stack for the DC case is illustrated in Figure 2.  
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Figure 2:  Protocol stack for dual connectivity architecture 3C.
The PDCP layer in the Anchor node can remove the duplicate packets that are received from the multiple RAN nodes hosting the lower layer functions.  

The UE can move across multiple distributed RAN nodes connected to the same Anchor node without re-establishing the security association with the PDCP layer. If the UE moves out of coverage of the anchor RAN node then the UE can establish the security association with the PDCP function in the target RAN node. Alternatively, the core network can initiate the key exchange during the mobility event. 

In order to ensure seamless handover of the Anchor node, a make-before-break handover procedure should be used. The UE should establish an RRC connection with the target Anchor node before releasing the RRC connection of the source Anchor node. Therefore, the UE will have two simultaneous RRC connections during a mobility event.

The handover procedure using simultaneous RRC connections is illustrated in Figure 3.  
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Figure 3:  Seamless handover procedure with simultaneous RRC connections with the source and target nodes.  
The redundant transmission can further reduce the delay by eliminating the re-ordering delay in the RLC and PDCP layers. Since it is assumed that ARQ and HARQ are not used for URLLC due to the very low latency requirements, re-ordering at the RLC and PDCP layers may not be necessary. Similarly, the RLC re-ordering may not be necessary. Although one RLC entity may have missing PDUs, in a MC architecture, the probability of each RLC missing the same PDU is low.  
Note:  It should be studied whether the RLC and PDCP PDU reordering is necessary in URLLC when ARQ and HARQ are disabled and when multiple redundant packets are transmitted. 
The DL and UL transmission for URLLC is illustrated in Figure 4. In this example, the duplicate packets are removed in the RAN by the Anchor RAN node.  
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Figure 4:  Call flow for DL and UL transmission for URLLC.
For UL transmission, the UE sends duplicate packets to multiple access nodes.  The packets are forwarded by the RAN nodes to the PDCP function in the anchor node over the Xn interface. The PDCP function removes the duplicate packets.
For DL transmission, the PDCP function performs the packet duplication. The duplicate packets are received by multiple access nodes over the Xn interface and forwarded to the UE. The UE removes the duplicate packets.
Proposal 1:  For URLLC, simultaneous transmission from multiple redundant links should be supported to minimize the probability of RLF and to ensure the reliability requirement is satisfied. 
Proposal 2:  The redundant links can be achieved through DC or MC architecture.  
Proposal 3:  The PDCP function in the transmitting RAN node should support packet duplication in the multi-connectivity architecture. The PDCP packet duplication detection function in the receiving node can be used to remove duplicate packets.  

3   Conclusion
Based on the above discussion, we propose the following:
Proposal 1:  For URLLC, simultaneous transmission from multiple redundant links should be supported to minimize the probability of RLF and to ensure the reliability requirement is satisfied. 
Proposal 2:  The redundant links can be achieved through DC or MC architecture.  
Proposal 3:  The PDCP function in the transmitting RAN node should support packet duplication in the multi-connectivity architecture. The PDCP packet duplication detection function in the receiving node can be used to remove duplicate packets.  
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