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1 Introduction
In RAN2#97bis, RAN2 agreed to first progress the basic HO mechanism for NR (not including LTE Rel-14-like mobility enhancements) and when stable we can discuss potential optimisations for NR mobility. 
This contribution presents a full picture of the mobility enhancement for NR based on the basic handover mechanisms, which can help RAN2 to sort out the main direction of the solutions on top of NR basic mobility. 
2 NR basic mobility
As discussed in the NR SI and the last RAN2 meeting (#97bis), NR will support the two different type of handover from L2 handling perspective for Intra-NR mobility: 
NR Type one handover: LTE- like traditional handover
NR Type two handover: Handover without PDCP anchor point change (i.e. no key change, RLC re-establishment, etc)

Additionally, the inter-RAT (e.g. between NR and LTE) mobility needs to be defined as one of the NR basic mobility procedures considering the UE in connected state. 
3 Mobility latency reduction for NR
Within the NR requirements TR (38.801), the requirement of interruption time for mobility is 0ms. The basic HO mechanism for NR may have the interruption of several ten ms, if following the evaluation of LTE basic mobility [6]. So then latency is the top aspects for NR mobility that needs to be enhanced.  
The mobility latency reduction for NR (i.e. achieving 0ms ) should discuss both intra-frequency and inter-frequency cases. 
Both RACHless handover and make-before-break based handover were discussed in the context of Rel-14 mobility enhancement for LTE, we needs to review these two aspects before talk about other solution directions. 
RACH-less handover
A RACH attempt procedure during handovers typically takes around 6-8ms [6]. An average handover procedure takes around 40ms to complete [6]. Eliminating the RACH delay during a handover procedure can significantly reduce the data interruption during handovers and improve the user experience.
The solution of RACH-less handover can be introduced when the source cell, the target cell and the UE are synchronized. In a synchronized network, it is assumed that subframe boundary between the source cell and target cell are aligned. In case of non-synchronized network, the fundamental issue for RACH-less handover is calculation of TA for the target eNB. In current networks, TA is calculated by the eNB based on uplink transmissions (initially RACH and later PUSCH), dynamically adjusted and signalled to the UE. The addition solutions need to be introduced to calculate the TA value of the target cell in order for the UE to transmit PUSCH/PUCCH/SRS to the target cell without RACH.[13] 
RACH-less handover requires two main elements: UE should obtain the Timing Advance (TA) and should be provided an uplink grant for the target eNB. 

The complexity impact on the network side is higher than on the UE side but it is still low and mainly related to synchronization and handover time. In general, this should not be an issue for the above-described use cases. 
If we do not consider the synchronized network and the additional mechanism to calculate the TA, the main scenario for RACH-less handover is the handover between the cells within the same Base Station, where it is easy to have aligned TA between the source cell and the target cells. 
Observation 1: The scenario for the use RACH-less handover is very limited 
Make-before-break based handover
There are multiple options discussed at Rel-14 mobility enhancement for make-before-break based handover [1]. We can use the following three categories to sort out the solution directions.
· A: No simultaneous Rx/Tx from the target cell
· B: No simultaneous Tx from the target cell but need simultaneous Rx from the target cell 
· C: Simultaneous Tx/RX to/from the target cell
The dual connectivity and CA alike handover mechanism was also discussed in the context of make-before-break based handover. It would be better to decouple the discussion on DC and CA, as HO based on DC can be based on the DC operation. CA related handover can be a separate case. In general the discussion on make-before-break based handover can focus on single connectivity (i.e. the Category A as listed above) following the agreement of LTE Rel-14 mobility enhancement. The make-before-break based handover specified at LTE Rel-14 cannot achieve 0ms interruption time. 
Observation 2: The make-before-break based handover specified at LTE Rel-14 cannot achieve 0ms interruption time.
DC based handover
The basic DC based handover relies on the simultaneous transmission and reception between the source and the UE and between the target cell and UE. The network needs complete the following three steps in order for the UE to switch from the source cell to the target cell.
· Step 1:The HO target cell is added as PScell to trigger DC operation together with source cell

· Step 2:The role between the source call and target cell is changed in terms of Pcell and PScell

· Step 3:The source cell (i.e. the PScell) is released
As discussed in the companion document [7], DC based handover mechanism needs to be optimized.  The three-step handover (based on DC) may have a potential to reduce the handover interruption time to 0ms from user plane data transmission perspective but at same time may improve the handover failure rate for NR network. The trade off should be to define a two-step operation based handover, since one step operation (i.e. traditional handover procedure) can not achieve the 0ms interruption time as is, which is an essential requirement for NR mobility.
4 Mobility robustness improvement for NR
The reliability is the other important aspect that needs to be enhanced based on the NR basic mobility procedures. Two issues can be discussed for handover reliability. The first one is avoidance of the handover failure and/or radio link failure. And the other one is the reliable delivery of the packets between the network and the UE during the handover period. 
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. 
There are multiple ways to avoid the handover failure and/or radio link failure. As discussed within LTE, the essential scenario is the “Too late” handover. The handover is executed too late, and then it loses the connection with source before it reach to the target cell.

The accurate configuration of the handover parameters including both CIO and TTT can avoid the “Too late” Handover. For example, the smaller TTT value contributes to reduce HO failure rate since it can make the handover easier, whereas, ping-pong rate is also increased simultaneously. The accurate configuration of the handover parameters is not very easy. The cost of the HO parameter configuration may be the potential increase of ping-pong handover rate. The SON mobility robustness optimization (MRO) procedure was introduced into LTE to count the event of “Too late” handover and then based on this there is a possibility for the base station to automatically adjust the HO parameter, allowing optimising this trade-off between “too late” triggering and ping-pong. SON MDT and mobility state estimation (speed based parameter scaling) were also proposed for parameter calibration in different scenarios and they may also help to address the same scenarios. In Rel-12, the T312 is introduced to make fast RLF recovery, which is essential to improve the mobility robustness for Hetnet environment. 
In LTE, re-establishment procedure can be used to recover the connection with the network when the UE experience RLF or HOF. As usual, the re-establishment procedure can succeed if the target cell is hosted by the same eNB as the serving cell as there is already the UE context logically.
The mechanism of context fetch was introduced a bit late for LTE. In case of RLF or HOF, the UE attempts to access a cell, where there is no UE context, the cell can fetch the UE context from the previous serving cell for the UE. The UE can re-establish the connection with the cell when the UE context is successfully retrieved. This mechanism can improve the successful rate of the re-establishment procedure at the cost of longer latency. However the network latency might be expected to be smaller in NR.
Observation: The basic mechanism as discussed at LTE for improving the mobility robustness may be reused for NR. 
Handover based on UL measurement
The traditional handover is triggered by DL measurement reports: the UE measures DL signal transmitted by the target node and when a condition to trigger reporting is met, transmits a report to the source node, which then decides to initiate a handover to the target node. Alternatively, potential target nodes could measure an UL signal transmitted by the UE and when a condition to trigger reporting is met, transmit a report to the source node, which then decides to initiate a handover to the target node. The network could configure moving UEs to transmit the UL signal more frequently, in order for the network to have more samples over the same time, and/or with sufficient power for neighbour network site to detect the UE earlier. 
The UL signal based measurement provides an additional for the network to prepare and trigger the handover, which may reduce the UE efforts for measurement report. Then the latency for the preparation procedure for HO may be reduced. The HOF/RLF of the UE can be avoided for the case where the UE experiences too late HO. 
Observation: The handover based on UL measurement may improve the mobility reliability. 
Conditional handover 
For conditional handover (CHO), UE may report many cells or beams as the possible candidate HO targets based on the RRM measurement. The gNB issues the conditional handover commands for one or multiple candidates reported by UE. Within the conditional handover configuration, the candidate(s) may be configured with different HO conditions (including the to-be-measured RS and the threshold) and possibly uplink access resources for UE access (e.g. Random Access preambles).
When the UE receives a “conditional HO configuration” it starts evaluating the condition while continuing operating per its current RRC configuration. When the UE determines that the condition is fulfilled, it disconnects from the serving cell, and applies the conditional HO (CHO) configuration and access to the target cell. 

From the network side, the base station needs to prepare the handover with one or multiple cells e.g. requesting the candidate target cell(s) to do admission control and reserve the radio resources accordingly. There are multiple options (on the exact time point) for the source cell to stop its data transmission with the UE, and to start the data forwarding to the candidate target cells. The source cell will only know the exact target cell for the UE until the target cell indicates this to the source cell when the handover procedure is successfully executed.[6] 
CHO is essentially a network-configured but UE-controlled downlink mobility mechanism with a potential to reduce HOF/RLF and then improve the mobility robustness. The network controllability of conditional handover needs more discussion. According to the discussion at RAN2#97bis, there was an observation on signalling overhead as the measurement report is triggered earlier and hence more measurement reports are needed. There should be also more signalling on network interfaces. So then more evaluation on conditional handover is needed to justify if the signalling overhead is affordable by the whole system. 
Observation 2: The conditional handover needs more evaluation to justify.
Packet duplication for DC based handover 
Using packet duplication across multiple links can minimize Radio link failure (RLF) and to ensure high reliability. In order to ensure that there is no packet loss due to handover and to minimize the probability of RLF, simultaneous communication based on DC with both the source and target nodes with redundant transmission can provide resilience to link failure. It also reduces UP latency due to link failure detection and recovery. 

In the handover scenario when the duplicate packets from the UE are received at both the source and target nodes, the duplicates can be removed either i) at the PDCP function of the target MgNB or ii) at the upper layers. That is, packets arriving within a latency bound from the source MgNB to the target MgNB via Xn can be detected and removed by the PDCP function at the target MgNB. Packets that may potentially exceed the latency bound over the Xn are forwarded directly by both the source and target MgNB nodes to be detected and removed at the upper layers.  

In order to ensure seamless handover of the MgNB, a DC based handover procedure should be used. That is, the UE should establish connectivity to the target MgNB before releasing the RRC connection to the source MgNB to allow for packet duplication via both MgNBs during a mobility event. 

During a normal (i.e. in LTE) handover of UE connectivity from the source MgNB to a target MgNB, the UE will have only one link available for communication (data and RRC signaling), since the UE is required to release the RRC connection of the source MgNB before it establishes a new RRC connection to the target MgNB. In this case, the target reliability cannot be satisfied with a single link.  Hence, simultaneous transmission of data and RRC signaling with links towards both the source and target MgNB throughout the handover will ensure higher reliability. 

Packet duplication naturally provides RRC diversity capability, which results in improving mobility robustness. Specifically, when either one of the links to source or target MgNB experiences link failure during handover, both the RRC and data connections are still maintained due to the duplication of the CP and UP packets. In essence, this minimizes the probability of RLF and consequently, reduces the need to trigger the RRC re-establishment procedure. In this case, the overall RLF occurs only if connections to both source and target MgNBs fail simultaneously [15] .
As discussed in the companion document [8], in order to take the full advantage of the packet duplication based operation, the data duplicates should last longer than the HO itself (i.e. Packet duplication can start before HO and maintain after HO operation).
Observation: The Packet duplicated transmission during the handover can improve the mobility reliability 
5 Mobility handling NR radio architecture
The NR access may adopt different architectural options in future deployment that differ from that of E-UTRAN. For example, a Centralized Unit (CU) and one or multiple Distributed Units (DUs) provides split functions of the legacy LTE eNB. The typical deployment is to have a unique RRC and PDCP entity anchored at the CU, possibly as part of the gNB, while other layers may be anchored at the DU(s), each of which may consist of one or multiple of TRPs (e.g., RRHs). There could be ideal backhaul or non-ideal transport links between the CU and its associated DU(s).
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Figure 1: mobility Scenarios for NR  
Such a NR deployment may present new mobility scenarios where the mobility may not lead to PDCP reset and the inter-cell mobility could be under the control of the same CU, i.e., without involving changes of RRC anchor (i.e. the type two handover of NR mobility). 

As shown in Figure 1, we have the following logical differentiation of mobility scenarios for NR:
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Currently Case 1 and Case 4 are considered as beam management, which is mainly RAN1 scope. 

Case 2 discusses the mobility between cells controlled by the same node (i.e. Distributed Unit) where there may be subject to non-ideal backhaul based connections towards the entity hosting RRC signaling(i.e. Central Unit). 

Case 3 discusses the mobility between cells controlled by different nodes(i.e. Distributed Unit) where there may be subject to non-ideal backhaul based connections towards the entity hosting RRC signaling(i.e. Central Unit).
Case 5 has been considered for mobility management in RAN2 using RRC signaling.
The mobility of both Case 2 (Intra-DU, Inter-cell) and Case 3 (Inter-DU, Inter-cell) leads no relocation of the RRC anchor and PDCP may be not reset. Both scenarios need to be considered when RAN2 discuss the procedures for type two handover of NR mobility.
The current RAN2 assumption is that there is negligible delay over the interfaces between the CU and the DU. Then the delay of the RRC message crossing that interfaces is not counted. In case of non-ideal backhaul, 10ms latency can be assumed for the one RRC L3 message. This can contribute a large part message delay for handover. This additional mobility delay may not be affordable for NR, depending on the QoS requirements of the services. 
RAN2 needs to discuss whether there could be optimizations for mobility at case 2 and case 3 where the DU is connected via non-ideal backhaul towards the entity hosting RRC signalling (i.e. CU)
Some local handling at DU may be used to interact with UE to avoid the RRC signalling exchange over the interface between CU and DU to prepare the handover for case 2 and case 3. 
Observation: There may be room for the optimizations for mobility at case 2 and case 3 where the DU is connected via non-ideal backhaul towards the entity hosting RRC signalling
6 Conclusions and proposals

For mobility enhancement for NR, we have the following proposal:  

Proposal1: RAN2 is asked to discuss the following directions of mobility enhancement for NR when the basic NR mobility procedure is defined: 

· Discuss DC based handover for achieving 0ms interruption and discuss the optimization based on the DC procedure
· Discuss UL measurement based handover to improve the mobility robustness 

· Discuss packet duplication for DC based handover to improve the mobility robustness
· Discuss mobility optimization for Case 2 and Case 3 considering the non ideal backhaul transport link between the CU and DU for NR
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