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Introduction
In RP-172807, RAN2 was tasked to investigate how to address the IMT-2020 requirement on 0ms handover interruption time [1]. It was agreed to first investigate whether this requirement could be met with existing LTE specifications, and developing NR specifications. 
From an NR perspective, in RAN2#96 it was discussed how to realize 0ms UP interruption in NR and the following agreements were made:
Agreements
1	The mobility enhancement similar to that discussed for LTE (“Maintaining Source eNB connection during handover”) should be considered also for NR.
2	For DC (NR-NR), study how to reconfigure the UE from an MeNB to an SeNB to target the 0 ms UP interruption. FFS whether also applicable to LTE-NR

Additionally, it was also agreed in RAN2#97 to allow possibility of intra-frequency dual connectivity/multi-connectivity:
=>	RAN2 protocols for NR should be flexible to allow the possibility of intra-freq DC/multiconnectivity. 

Furthermore, based on LSs from RAN1 and RAN4, it was shown in [2] that NR-NR dual connectivity is feasible to accomplish intra-frequency mobility with 0ms interruption. This contribution further elaborates on the motivation for enabling intra-frequency dual connectivity for NR by providing some use cases and potential benefits of this feature.

Intra-frequency DC for Mobility
For NR, the gNB may be functionally split between a centralised PDCP/RRC (gNB-CU) and decentralised RLC/MAC/PHY (gNB-DU). A new F1 interface between gNB-CU and gNB-DU is specified by RAN3. Figure 1 below shows an example architecture where a UE could be supported by beams from two different DUs. 
At mmWave frequencies, the channel experienced by a UE may suffer from blockage events that could result in sudden sharp drops in signal strength (of the order of 30 dB) due to physical objects blocking the UE-TRP link. It was shown in [3] based on Blockage Model A (UMi) described in the NR channel model TR 38.900, that for a 30 km/hr blocker velocity, the mean blockage duration of a single blockage event is 600 ms. It was also shown in [3] that when a UE could be served by beams from 3 TRPs, the mean duration between inter-TRP beam switches could be about 2.56 seconds. These estimates indicate that a UE could potentially experience frequent beam failure events due to blockage, potentially resulting in frequent beam switches.
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Figure 1: NR deployment based on gNB UP functional split
For stationary or slow-moving UEs in a location served by beams from two TRPs belonging to two different DUs, such blockage events may result in frequent inter-DU mobility events. Mobility with 0 ms interruption would be desirable to manage UP connectivity during such frequent inter-DU mobility events. Intra-frequency DC could serve well to accomplish mobility with 0 ms interruption in such use cases as described below:
· Initially upon identification of the target cell, an SeNB addition procedure may be used to enable DC with the target cell (DU2 in the above example).
· Once DC is established between the MeNB and SeNB, UP connectivity may be managed as follows:
· Dynamically determining the amount of data flow via each DC leg by the flow control algorithm residing at the CU depending upon the quality for beams between MeNB and SeNB.
· When there is failure of all beam pair links from the MeNB or SeNB, data flow to the MeNB or SeNB may be suspended until there is restoration of beam quality on the failed leg (also done via PDCP flow control mechanism).
· Upon such beam failure as described above, fast centralized retransmissions of lost RLC PDUs [6] may be performed via other DC leg to quickly recover from failed transmissions.
· If no beams from the MeNB leg are capable of being restored, a role change between MeNB and SeNB as proposed in [4] may be required, followed by SeNB release.

As highlighted above, intra-frequency DC shows significant potential in many situations to reduce UP interruption time at mobility events. Thus, intra-frequency DC can be an effective way of enabling mobility with 0 ms interruption. 
Observation 1: Intra-frequency DC can be an effective means of enabling mobility with 0 ms interruption.
Various mobility enhancements have been proposed for NR to reduce user plane interruption time and improve handover reliability. These proposed enhancements include Make-Before-Break, RACH-less HO, Conditional Handover, Intra-Frequency DC, and some combinations of these enhancements. Many of these enhancements target either reduction of user plane interruption time or reliability improvement. As correctly noted in [8], intra-frequency DC is the only proposed mobility enhancement so far that simultaneously provides 0ms user plane interruption and reliability improvement. While there may be targeted reasons for why other proposed mobility enhancements may be specified for NR, we believe that there is significant justification to at least specify intra-frequency DC as a mobility enhancement for NR to simultaneously provide the benefits of 0ms user plane interruption and reliability improvement.
Observation 2: Intra-frequency DC is the only mobility enhancement proposed for NR that simultaneously provides 0 ms user plane interruption and reliability improvement.
RAN working groups are studying a feature called Integrated Access and Backhaul (IAB) [5] where NR nodes can be self-backhauled wirelessly to other NR nodes to facilitate easy deployment. For densely deployed mmWave NR systems, the area covered by an NR node can be quite small, so a dense deployment of NR nodes in a given area could require a significantly larger number of deployment sites. There is considerable interest in being able to deploy NR nodes without fiber access to every deployment site. Due to large available bandwidths in mmWave spectrum bands, and the ability to deploy narrow beams using multi-antenna element arrays, it may be more feasible to support self-backhauled links for NR systems operating in mmWave spectrum.
Figure 2 below shows an example scenario where IAB link (self-backhaul links) could be used to connect DU3 and DU4 to DU1, which has fiber access to the CU. Note that here the CU-DU split is as described above in Section 2. In such a scenario, when the yellow highlighted UE moves from DU2 to DU3 to DU4, if intra-frequency dual connectivity or multi-connectivity is enabled for the UE, it could significantly help in reduction of UP interruption time to achieve mobility with 0 ms UP interruption.
 [image: ]
Figure 2: Integrated Access and Backhaul Scenario
Observation 3: Intra-frequency DC also seems to have the potential to offer reduction in UP interruption time for future deployment scenarios such as integrated access and backhaul. 
Additionally, it needs to be pointed out that intra-frequency DC can be helpful even in cases where the UE is incapable of simultaneously transmitting and receiving in the same frequency band. For such single Tx/Rx capable UEs, intra-frequency DC can be useful by leveraging a TDM pattern solution similar to the one currently designed for EN-DC [7]. 
Observation 4: Intra-frequency DC can also be helpful in cases where the UE is capable of single Tx/Rx by leveraging a similar TDM pattern solution as being designed for EN-DC. 
In the email discussion on this topic [9], some companies have proposed that IMT-2020 requirement on 0ms handover interruption time can be met by other techniques, but only under a specific set of conditions. We believe that NR-NR DC is a much more powerful feature to use for meeting the 0ms interruption time requirement. First of all, inter-frequency NR-NR DC is already on track to be standardized in Release 15, with the stage 2 specifications to be captured in 37.340, and further details to be discussed in 2Q-2018 [10]. Extension to intra-frequency NR-NR DC may heavily leverage this framework. Furthermore, NR-NR DC is a more future-proof solution that provides benefits in many other scenarios and use cases apart from 0ms interruption time, such as improvement of handover reliability, enabling use of packet duplication to meet URLLC reliability requirement, and Integrated Access and Backhaul. Looking at this broader potential of NR-NR DC-based mobility solution, we propose that inter- and intra-frequency NR-NR DC should be used to meet the 0ms interruption time requirement.
Proposal 1: Inter- and intra-frequency NR-NR DC should be used to meet the 0ms interruption time requirement. 

Conclusion
In this contribution, we discuss the potential for intra-frequency DC to enable mobility with zero ms UP interruption time. The following observations and proposal are offered for consideration:
Observation 1: Intra-frequency DC can be an effective means of enabling mobility with 0 ms interruption.
Observation 2: Intra-frequency DC is the only mobility enhancement proposed for NR that simultaneously provides 0 ms user plane interruption and reliability improvement.
Observation 3: Intra-frequency DC also seems to have the potential to offer reduction in UP interruption time for future deployment scenarios such as integrated access and backhaul. 
Observation 4: Intra-frequency DC can also be helpful in cases where the UE is capable of single Tx/Rx by leveraging a similar TDM pattern solution as being designed for EN-DC. 
Proposal 1: Inter- and intra-frequency NR-NR DC should be used to meet the 0ms interruption time requirement. 
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