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1      Introduction
In RAN#71 meeting, study item [1] was approved to develop requirements and specifications for new radio (NR) systems to support mobile broadband, massive MTC and critical MTC, etc. In the NR systems, it is assumed that the network will support beamforming to achieve high antenna gain to compensate for the propagation loss at high frequency band. Mobility then becomes one of the biggest challenges. This contribution focuses on mobility type support for multiple beams in NR.
In last RAN2#96 meeting, in order to achieve 0ms UP interruption time, it has been agreed the following:
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

In this contribution, we further discussion how to reconfigure the UE during handover to achieve this 0ms interruption in DC scenario. 

2      Discussion
In both intra-cell and inter-cell mobility, the UE could support multiple beams (for example, dual beams is an example of multiple beams). This is the case where the UE has the capability to support dual/ multiple transmit and receive beams simultaneously. In this case, the UE can connect to dual/ multiple TRPs associated with the same NR cell or different NR cells. Figure 2 shows the two dual beams scenarios: (1) intra-cell dual beams and (2) inter-cell dual beams. In intra-cell dual beams, the UE forms 2 beams and connects to the same serving TRP (e.g. UE1) or different TRP within the same NR-cell (e.g. UE2). This can be used for data boosting. In inter-cell dual beams, the UE forms 2 beams but may be able to connect to 2 different NR-cells (UE3 and UE4). The latter case can also be used for handover purposes and can improve the service interruption time during handover. 
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Figure 1: Dual beams operation
Observation 1: If a UE is capable of dual/ multiple beam operation in NR, it may be used for handover purposes.

There are different scenarios can be supported in NR-NR DC. The scenarios can include the following combinations:

· Scenario 1: NR low frequency and NR high frequency

· Scenario 2: NR high frequency and NR high frequency

· Scenario 3: NR low frequency and NR low frequency

Scenario 1 can be used similar to current DC in LTE. Low frequency can be configured as macro and high frequency can be configured as small cell. In this scenario, low frequency macro can provide reliability for high frequency cells. Scenario 2 may be used for handover purposes for high frequency standalone deployment. It seems there is no use case for scenario 3 where both low frequency are dual connected to the UE. It is our understanding that inter-frequency DC is supported in NR. Now the question is whether NR should support intra-frequency DC. It is well known that high frequency NR is unstable, therefore, HO is expected to be more challenging than in LTE. We see some benefit of supporting intra-frequency DC at least for HO purposes to improve HO performance and to achieve 0ms interruption purpose. 
Proposal 1: RAN2 to support intra-frequency DC in NR at least for handover purpose. 

For intra-frequency DC in general, the solution may require simultaneous Tx/Rx or a TDM solution. It would be good to send an LS to RAN4 to confirm the feasibility of simultaneous Tx/Rx when the UE has dual RF chain for intra-frequency case. If TDM is needed, RAN4 should confirm if there is any issue with synchronization.  
Proposal 2: RAN2 sends an LS to RAN4 to confirm if intra-frequency DC (simultaneous Tx/Rx) is feasible when the UE has dual RF chains and if there is any issue with synchronization if a TDM solution is used.
Mobility in scenario 1 will be similar to current LTE. Low frequency macro can be seen as MeNB and high frequency TRP can be seen as SeNB. Mobility between different cells/TRP in high frequency can reused the current LTE operations below:

· SeNB addition
· SeNB modification

· SeNB release

· Change of SeNB

· MeNB to eNB change

· SCG change

· eNB to MeNB change

· Inter-MeNB handover without SeNB change

Proposal 3: the following DC operations in LTE should be supported in intra-frequency DC in NR:

· SgNB addition

· SgNB modification

· SgNB release

· Change of SgNB

· MgNB to gNB change

· SCG change

· gNB to MgNB change
· Inter-MgNB handover without SgNB change

While intra-frequency DC can be used in the HO region, to avoid interruption, at some point later, the UE should be handover to SCG fully. An MCG SCG switch was mentioned in the previous meeting to achieve this. Such MCG SCG switch seems like a complex new procedure to support and may not achieve the intended performance as this involves switching the bearer types, change of security keys and associated reset of protocol stack.  
Another approach could be to base it on conventional HO procedure where the SgNB becomes the target MgNB. This not only improves HO failure performance but also interruption time as the UE can continue to communicate over the existing intra-freq DC split bearer during the HO preparation. An example message flow for this is shown in the figure below. Notice that step 3~7 can be skipped if T-gNB is already operating as the SgNB, and step 1~2 can be replaced by the HO request message and the HO request ACK message as used in the conventional handover procedure. 
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Figure 2: (a) “Handover” involving intra-freq DC addition followed by ”SgNB becomes MgNB” using Handover procedure
1.  The source MgNB issues a SgNBAdditionRequest with SgNB becomes MgNB message to the target gNB. The source MgNB includes the SCG configuration with an indication that SgNB becomes MgNB will be applied after the addition is successful.  
2.
The target gNB sends a SgNBAdditionRequestAcknowledge message with an indication that SgNB additional with SgNB becomes MgNB is supported. It also includes a transparent container to be sent to the UE as an RRC message to perform the handover. The container includes a new C-RNTI, target gNB security algorithm identifiers for the selected security algorithms, may include a dedicated RACH preamble, and possibly some other parameters i.e. access parameters, SIBs, etc. The SgNBAdditionRequestAcknowledge message may also include RNL/TNL information for the forwarding tunnels, if necessary.
3.
If the source MgNB endorses the new configuration, the source MgNB sends the RRCConnectionReconfiguration message to the UE including the new radio resource configuration of SCG according to the SCG-Config. The configuration should include configuration of split bear and reconfigure MCG bearer to split bear. 
4.
The UE applies the new configuration of SgNB part and replies with RRCConnectionReconfigurationComplete message. .

5.  The source MgNB informs the SgNB that the UE has completed the reconfiguration procedure successfully.

6.
The UE performs synchronisation towards the PSCell of the SgNB. The order the UE sends the RRCConnectionReconfigurationComplete message and performs the Random Access procedure towards the SCG is not defined. The successful RA procedure towards the SCG is not required for a successful completion of the RRC Connection Reconfiguration procedure.

7. 
Target gNB sends SgNB successful message to source MgNB so that source MgNB can stop split bearer data to the UE over MgNB (i.e. all data from this point to will send to the UE via split bearer over target gNB).
8.  Source gNB sends a RRCConnectionReconfiguration (HO command) message to the UE. The RRCConnectionReconfiguration message includes the transparent container (HO command) generated by the target gNB (same as SgNB). The UE receives the RRCConnectionReconfiguration message with necessary parameters (i.e. new C-RNTI, target gNB security algorithm identifiers, and optionally dedicated RACH preamble, target eNB SIBs, etc.). 
9.  UE sends RRCConnectionReconfigurationComplete message after security is updated and protocol stack is reset. (i.e. The UE release the SCG configuration).The UE will also send the last successful SN to the target gNB.

10. Target gNB sends a SN status transfer request to S-MgNB with the last SN from the UE so the S-MgNB can correctly forward data to the target gNB.
11/12.
If applicable, SN status transfer and data forwarding from the S-MgNB may take place any time after step 3. The target gNB will buffer the data and forward to the UE once the HO is completed. 
13-17.
The target gNB initiates the S1 Path Switch procedure.
18.
The target gNB initiates the UE Context Release procedure towards the source MgNB.
Other HO optimizations can be considered to further reduce the interruption time such as RACH less handover since UE is already uplink synchronized to the target (same as SgNB). Further, if direct SCG RRC delivery is agreed for DC, it can be used to deliver the HO command directly to the UE. Another possibility is to do HO preparation and HO command to the UE as part of the SCG addition itself. These simple optimizations to the HO procedure can provide similar, if not better, performance compared to a new complex MCG/SCG switch procedure.
Proposal 4: HO procedure is used as the baseline procedure for SgNB becomes MgNB.
Proposal 5: Handover optimization using DC where SgNB and target MgNB are the same to achieve 0ms interruption is supported. Optimizations may be studied further and may include:
· UE can continue UP via split bearer with SgNB until the instance in time where the HO complete message is sent to the target gNB
· RACH procedure may be skipped during HO to target when target gNB is already configured as SgNB
· FFS on whether to combine the handover optimization procedure with the SgNB addition as a single procedure or separate procedure
3      Conclusion 
Proposal 1: RAN2 to support intra-frequency DC in NR at least for handover purpose

Proposal 2: RAN2 sends an LS to RAN4 to confirm if intra-frequency DC (simultaneous Tx/Rx) is feasible when the UE has dual RF chains and if there is any issue with synchronization if a TDM solution is used

Proposal 3: the following DC operations in LTE should be supported in intra-frequency DC in NR:

· SgNB addition

· SgNB modification

· SgNB release

· Change of SgNB

· MgNB to gNB change

· SCG change

· gNB to MgNB change
Inter-MgNB handover without SgNB change
Proposal 4: HO procedure is used as the baseline procedure for SgNB becomes MgNB.

Proposal 5: Handover optimization using DC where SgNB and target MgNB are the same to achieve 0ms interruption is supported. Optimizations may be studied further and may include:

· UE can continue UP via split bearer with SgNB until the instance in time where the HO complete message is sent to the target gNB
· RACH procedure may be skipped during HO to target when target gNB is already configured as SgNB

· FFS on whether to combine the handover optimization procedure with the SgNB addition as a single procedure or separate procedure
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