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1 Introduction
A lot of contributions from RAN2#96 (e.g. [1~9]) discussed the mobility enhancement issue. And after online discussion, we have achieved the following agreements:
	NR shall support HO as part of the NR mobility procedures.
Network based mobility shall reuse the same principles as LTE (Rel-13) and for inter gNB HO consisting of at least:
· Source gNB initiates the HO over the Xn interface via a HO request
· Target gNB performs admission control and provides the RRC configuration as part of the HO acknowledgement
· Source gNB provides the configuration to the UE including the HO command via RRC
· The UE moves the connection to the target gNB via RRC
Further enhancements/modifications can be considered.

RRC involved handover with at least MAC entity reset is supported.
RRC involved handover with and without PDCP entity re-establishment is supported.
(Confirmation required from SA3 that handover without security key change is acceptable).
FFS whether RRC involved (single connectivity) handover with and without RLC entity reset is supported.
Study the possibility of handover where a condition configured by the gNB is used by the UE to determine when it executes the handover.
The mobility enhancement similar to that discussed for LTE (“Maintaining Source eNB connection during handover”) should be considered also for NR.
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.
At least cell id and all information required to access the target cell will be included in the HO command.
For at least some cases information required for contention based and contention free access can be included in the HO command.

To be studied what beam related information of the target cell may be required.


Among all of the agreements above, the yellow highlighted ones are the potential mobility enhancements which should be discussed further in NR. Although the dual connected solution may achieve better performance (e.g. “0ms” interruption) on handover, the single connected handover may still be needed as the single connected solution which does not require excessive UE RF capability (e.g. bandCombination support for inter-frequency HO; simultaneous Rx/Tx of PDSCH/PUSCH support for intra-frequency HO) can simplify the UE implementation. On the other hand, the “0ms” requirements of NR mobility interruption does not have to apply to all scenarios. 
2 Discussion
2.1 LTE eMob solutions for single connected handover
In the Rel-14 LTE eMob work item, two solution directions (i.e. Solution 1) RACH-less and Solution 2) MBB (Make-Before-Break)) are discussed to reduce the mobility interruption time for LTE. However the both RACH-less and MBB solutions are single connected solution, and used only in restricted scenarios (i.e. RACH-less for small cell/intra-site scenarios; MBB for intra-frequency)
Observation 1: Both RACH-less and MBB solutions in LTE eMoB work item are single connected solutions.

Observation 2: The RACH-less solution in LTE can only be used for small cell and intra-site scenarios.

Observation 3: The MBB solution in LTE can only be used for intra-frequency.

Regarding the LTE RACH-less solution, we think that the solution can also be used for NR at least in small cell and intra-site scenarios which does not require TA calculation. If the RACH procedure is required by RAN1 during handover in some other cases (e.g. beam alignment), more discuss based on RAN1 agreements may be required on how/whether the RACH procedure can be avoided. In order to support other scenarios which require the TA calculation for handover, 4 RACH-less solutions via either the UE-based or the NW-based calculation of uplink timing can be found in [4]. The general procedures of these RACH-less solutions have already been discussed in RAN1/2/3/4. RAN1 is required to define the TA measurements via either the UE or the eNB. RAN4 is required to relax the accuracy requirements of the TA calculation. RAN3 is required to support the timing offset exchange between source and target eNBs in asynchronous case. Due to the limited time in Rel-14, all of the 4 RACH-less solutions are dropped. From our understanding, the 4 RACH-less solutions can be realized in NR. And each of them has its pros and cons. The UE-based calculation requires more complex UE implementation for calculating the TA value. The network-based calculation may cause the expiry of the TA value while the TA value is forwarded by the source eNB. The synchronous solution may not require the timing offset exchange between two eNBs, but may require more accurate synchronization mechanism between different eNBs. Thus we consider that all of the 4 solutions as proposed in [10].
Proposal 1: The RACH-less solution in LTE should be used for NR at least in small cell and intra-site scenarios.

Proposal 2: The UE-based and the network-based TA calculation of RACH-less solutions for both synchronous and asynchronous NR network as proposed in R2-163023 should be considered for intra-NR handover.
Regarding the LTE MBB solution, the UE can only maintain one connection to either the source eNB or the target eNB, and release the source connection after the downlink synchronization to the target cell and before the uplink transmission to the target cell. The exact timing on when the UE releases the source connection is left to the UE implementation. We consider that the same solution can also be re-used for the NR single connected handover. Further enhancements (e.g. configured timing for connection release) may also be considered.
Proposal 3: The MBB solution in LTE should be used for NR single connected handover.

2.2 NR mobility enhancements for single connected handover
At RAN2#94, RAN2 has reached a general agreement that NR eNB corresponds to 1 or many TRPs. But there’s no clear NR Cell definition till now in RAN2 and in RAN1. In fact, the creation of ‘NR cell’ is largely based on the network deployment:
For TRPs connected with non-ideal backhaul and/or have limited coordination capabilities typically need to create different cells. These cells should be scheduled by individual MAC entities and should be considered as cells in different gNBs logically. Mobility between such kinds of cells is inter-gNB mobility, case2 illustrated in Fig.1. 
While for TRPs connected with ideal backhaul and have enough tight coordination capabilities, a single cell can be created with a single MAC entity if these TRPs are synchronized and signals from these TRP’s can arrive at the UE within the CP, or different cells can be created with different individual MAC entity for individual TRP, which is up to the operator’s decision. These individual cells created for TRPs with ideal backhaul can be considered as cells in the same gNB, regardless of the actual physical location. Mobility between such kinds of cells is intra-gNB mobility, case1 illustrated in Fig.1.
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Figure 1: intra-gNB and inter-gNB mobility
The network deployment of LTE is mainly for macro coverage, especially in the very beginning. The cell coverage is quite large and most handovers are occurred between cells from different eNBs. While in NR, cells may be deployed denser and the cell coverage may be much smaller, especially with the use of high frequency bands (e.g. mmWave). So intra-gNB mobility in NR may occur much more frequently compared to the legacy system.

Observation 4: Compared to the legacy system, intra-gNB mobility in NR may take place much more frequently.

2.2.1 Analysis on PDCP/RLC reset

Regarding the PDCP reestablishment, the current AS key is derived based on the PCI and EARFCN of the physical cell. The re-establishment of PDCP during handover is mainly for the sake of network security, especially for the inter-eNB handover. For the case of intra-gNB mobility in NR, while the mobility takes place between cells within a single logical gNB, the handover between these cells without fresh of AS keys may not introduce severe security risk. Then RRC involved handover without PDCP entity re-establishment can be supported for intra-gNB mobility. While for inter-gNB mobility, the security risk of handover without fresh of AS key should be carefully evaluated by SA3. 
Observation 5. RRC involved handover without PDCP entity re-establishment can be supported for intra-gNB mobility. While the feasibility for inter-gNB mobility can only be decided after SA3 evaluation of the security risk.

Proposal 4. Sent LS to SA3:

· From RAN2 perspective, intra-gNB handover without PDCP re-establishment should be supported.
Regarding the RLC reset, the legacy LTE RLC entity performs data processing, e.g. concatenation, segmentation, re-segmentation according to the real-time scheduling indicated by lower layer, with all state variables updates. For mobility between cells connected with non-ideal backhaul, it’s impossible to establish a new RLC entity in the target cell and keep the new RLC entity in sync with the source RLC entity during handover preparation period. So the RLC entity must be re-established during handover in LTE. In NR, the functions of RLC are still under discussion. Even though some of the real-time scheduling dependent functions (e.g. concatenation) are removed from RLC, whether handover without RLC entity re-established during inter-gNB handover still need to be carefully evaluated. While for mobility between cells connected with ideal backhaul (intra-gNB mobility), the target RLC entity can be ensured in sync with the source entity or even share the same one. Especially for the case of CU/DU split, if the RLC entity is distributed on CU, different cells/DUs connected to the same CU will share the same RLC entity most probably. So there’s no need to re-establish the RLC entity during handover. 

Observation 6: RRC involved handover without RLC entity re-establishment can be supported for intra-gNB mobility. While the feasibility for inter-gNB mobility should be carefully evaluated after the RLC functions are finally decided.

Proposal 5. RRC involved handover without RLC entity re-establishment can be supported for intra-gNB mobility.
2.2.2 UE autonomous handover
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Figure 2: procedure for intra-gNB handover without PDCP/RLC re-establishment
Based on the analysis above, RRC involved handover without neither PDCP nor RLC re-establishment can be supported for intra-gNB mobility. Figure 2 illustrates the possible RRC involved handover procedure for intra-gNB handover without PDCP/RLC re-establishment:

1. Autonomous handover information is sent to UE to inform including the intra_gNB_cell_infor and autonomous_handover_condition. The autonomous_handover_condition can be for example a target neighbouring cell in the intra_gNB_cell_infor is better than the serving cell. Both the common and dedicated configuration for UE in target cells will be included in the intra_gNB_cell_infor.

2. Autonomous handover condition triggered and UE performs autonomous handover without re-establishment of PDCP and RLC.

3. UE performs random access on the target cell. It should be noted that the cell coverage in NR will be much smaller with the use of mmWave. So it’s probably that in a lot of intra-gNB handover scenario, rach-less handover can be performed.

4. Data transmission on the target cell.

In NR, with the use of high frequency, the cell may be much smaller and the HOF rate will be much higher due to the vulnerable failure of measurement report and handover command. The autonomous handover with a condition configured by gNB above can reduce the HOF rate significantly for intra-gNB handover.

It should be noted that similar procedure like UE autonomous mobility in a mobility set without any signalling to the NW has been specified during the study of LTE-WLAN. For LTE-WLAN tight interworking, a WLAN mobility set will be informed to UE, then the UE can perform WLAN mobility within the WLAN mobility set (connect to another WLAN inside WLAN mobility set) without any signalling to E-UTRAN [11]. With the analysis above, it’s possible and benefit for UE to perform autonomous handover with a condition configured by the gNB.

Proposal 6: UE autonomous handover with a condition configured by the gNB should be supported for intra-gNB mobility.

2.3 NR SCG change

According to the Rel-14 eMob discussion, the RACH-less and MBB solution as discussed for handover are also reused for the SCG change. Regarding the UE autonomous handover solution, the SgNB could also change the TRP as the handover case. Thus we think the NR SCG change can also reuse the solutions for the NR handover.
Proposal 7: The solutions agreed for NR single connected handover should be reused for NR SCG change.

3 Conclusion
According to the analysis given above, we have the following Observations:
Observation 1: Both RACH-less and MBB solutions in LTE eMoB work item are single connected solutions.

Observation 2: The RACH-less solution in LTE can only be used for small cell and intra-site scenarios.

Observation 3: The MBB solution in LTE can only be used for intra-frequency.
Observation 4: Compared to the legacy system, intra-gNB mobility in NR may take place much more frequently.

Observation 5. RRC involved handover without PDCP entity re-establishment can be supported for intra-gNB mobility. While the feasibility for inter-gNB mobility can only be decided after SA3 evaluation of the security risk.

Observation 6: RRC involved handover without RLC entity re-establishment can be supported for intra-gNB mobility. While the feasibility for inter-gNB mobility should be carefully evaluated after the RLC functions are finally decided.
The proposed solutions are given as follows:
Proposal 1: The RACH-less solution in LTE should be used for NR at least in small cell and intra-site scenarios.

Proposal 2: The UE-based and the network-based TA calculation of RACH-less solutions for both synchronous and asynchronous NR network as proposed in R2-163023 should be considered for intra-NR handover.
Proposal 3: The MBB solution in LTE should be used for NR single connected handover.

Proposal 4: Sent LS to SA3:

· From RAN2 perspective, intra-gNB handover without PDCP re-establishment should be supported.
Proposal 5: RRC involved handover without RLC entity re-establishment can be supported for intra-gNB mobility.

Proposal 6: UE autonomous handover with a condition configured by the gNB should be supported for intra-gNB mobility.
Proposal 7: The solutions agreed for NR single connected handover should be reused for NR SCG change.
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