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Discussion and Decision
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.

2      Discussion
Inter-Cell handover:
Figure 1 shows the standalone inter-cell mobility handover procedure based on current LTE handover. One of the differences between LTE and NR is the TRP (beamforming aspect). The final signalling flow also depends on the functional split between the TRP and gNB. Different split options may result in different signalling. After the HO request is sent by the source gNB to the target gNB, it is assumed that target gNB can make the decision to admit the UE. Then it will need to inform the TRP using a HO indication (assuming the measurement report contains TRP and beam information). Similarly, after UE sends the RRCConnectionReconfigurationComplete message to the target gNB via the target TRP to indicate the HO is completed, the target gNB can start sending data to the UE.
Note that measurement may take relative longer time in beam based environment especially in the high frequency due to beam sweep process in compare to legacy measurement. HO performance and impact of measurements for NR should be studied further. In general, handover impact and challenges should be first analysed so that we can determine what handover mechanism can provide sufficient performance in NR.
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  Figure 1: Example of inter-cell handover
In later releases of LTE, several optimisations for improvement of HO interruption time are being discussed. In Rel-14 eMoB WI, some enhancements like RACH-less handover and Make-Before-Break are under discussion. These could also be applicable for NR.  
Observation 1: solutions discussed in eMoB WI can be considered for inter-cell mobility enhancement to reduce service interruption time.
Dual/multi beams operation
In both intra-cell and inter-cell mobility, the UE could also support multiple beams (for example, dual beams is an example of multiple beams):

· Dual/multiple beams operation: 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. 

[image: image2.png]%;JH
UE4 Q

A NR Cell 1
Aﬁi » A A NR Cell 2

\ gNB1 Aﬁn
A . i A

NR Cell 3

D &
NR Cell 4
UES%




Figure 2: Dual beams operation
Observation 2: If a UE is capable of dual/ multiple beam operation in NR, it may be used for handover purposes.

In case the UE is capable of multiple beams operation, the UE can handover to target by connecting to target gNB before it releases source gNB. There are two architecture considerations: (1) DC like for intra-frequency NR and (2) dual protocol stacks. Option 1 provides a DC like architecture for intra-frequency NR. The source gNB is considered as MgNB and the target gNB is considered as SgNB. Once the target gNB is added to the UE as a SgNB, a MgNB-SgNB switch will allow the target to become the MgNB. Then the source gNB can be released. In option 2, dual protocol stacks are needed for the UE to maintain both source gNB and target gNB. Details of how the UE maintain two gNBs are FFS. Below provides more detail of each option:
· Option 1: DC like architecture with intra-frequency NR MCG and SCG.
· In this option, only source gNB has RRC and target gNB does not

· The source gNB will add the target gNB as SgNB
· Once the target gNB is added successful, it performs an MgNB-SgNB switch (currently not supported in LTE)

· Finally source gNB is released. (this can be combined in one step with MgNB-SgNB switch)

· Figure 3 shows an example of the signalling flow for this option.

· Note that SgNB may be added earlier. In this case, if the link between UE and source gNB (MgNB) is lost temporarily (for example due to blockage), SgNB can be activated during HO decision and data packets can be transferred to target gNB. This requires sending RRC messages to the UE via Target gNB (FFS).
[image: image3.png]UE Source TRP: | ... | Source TRPw

Source gNB

Target TRP: | ... | Target TRPu

Target gNB

data

data

1. measurement report—

data

2. measurement report————

HO decision using
dual beams

data

Continue with
source cell and sync
to new cell

[«————— 6. RRCConnectionReconfgiuration with mobility info

7. RRCConnectionReconfigurationComplete———»{

. Random access procedur:

[—14. Mel

3. Cell addition request (with dual beams indicator)———»|

[«———————5. Cell addition request acknowledgment:

8. Cell Reconfiguration Complete————»|

[ dat:

NB-SeNB switch:

[«———11. addition success, request data transfer-

[4———————17. release from source cell

14. MeNB-SeNB switch ACK:

[#——13. MeNB-SeNB switch ACK

[«———4. Cell addition indication—————

10. addition success indication—»|

12. MeNB-SeNB switch—————»

16. SN status transfer————————#

Admission
control

Data forwarding:

-

data--1--





Figure 3: an example of dual beam operation in option 1
· Option 2: The UE maintains a short term dual protocol stacks (FFS full protocol or part protocol stack)
· In this option, the UE should maintain dual protocol stacks with both source gNB and target gNB until the HO is completed

· It is also possible that only one RRC and there is a switching point during the handover. FFS on where is the switching point where RRC stops at source gNB and starts at target gNB.

· Figure 4 shows the signalling flow allowing dual beams operation for this option. The handover procedure is similar to the one describe in the standalone inter-cell handover. However, the target gNB will need to know that the source gNB is performing a handover with dual beam operation. Therefore, some indication will be needed in the HO request. When the HO is complete, the TRP should notify the target gNB in step 14. It is assuming that the UE still connects to source gNB and data is ongoing. Therefore, the target gNB should notify the source gNB of the completion of handover. gNB can then stop data transmission and start forwarding data to target gNB.
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Figure 4: an example of dual beam operation in option 2
1. The UE sends measurement report to serving NR TRP triggered by some event configured by the network.

2. The NR TRP forward the measurement report to the gNB.

3. Serving NR gNB sends HO request with dual beam indicator (if configured by source gNB) to target NR gNB.
4. Target NR gNB sends HO indication to target TRP if it decide to accept the HO request.

5. Target NR gNB replies HO request ACK to serving NR gNB.
6. Serving NR gNB sends RRC reconfiguration message to the UE.

7. The UE continues with source TRP while performing random access procedure with target TRP.
8. The UE sends RRCConnectionReconfigurationComplete message to target TRP to complete the HO.
9. The Target TRP sends HO success indication to the target gNB.

10. Target gNB sends the HO success message to source gNB and request data transfer.

11. The source gNB sends HO complete indicator to the source TRP to prepare to stop data transmission. 

12. The source gNB sends SN status transfer to target gNB and start data forwarding
13. The target gNB sends release source cell to the UE. 
Note: TRP can release UE any time after receiving HO complete indicator. 
Proposal 1: For the UE capable of multiple beams operation, dual connectivity can be used to enhance HO performance by using simultaneous transmission/reception with both source cell and target cell based on option 1 (DC like architecture with intra-frequency NR MCG and SCG) and option 2 (The UE maintains a short term dual protocol stacks ).

Another aspect to be considered in the dual beam operation is what data source gNB and target gNB send to the UE. The options are:
· Bi-casting: same data is sent from source and target gNB. This allows more reliability of data at the UE side during handover. 
· Uni-casting: Different data is sent from source and target gNB. In this case, some re-ordering is needed above PDCP layer to re-order data sent by source gNB and target gNB. 
We see there is benefit using bi-casting to increase the reliability of the data during handover. Therefore, it is proposed to support bi-casting based on the network configuration. 
Proposal 2: RAN2 to support bi-casting for multiple-beams operation for handover.  
3      Conclusion 
Observation 1: solutions discussed in eMoB WI can be considered for inter-cell mobility enhancement to reduce service interruption time.

Observation 2: If UE is capable of Dual/ multiple beams NR operations, it may be used for handover purpose.
Proposal 1: For the UE capable of multiple beams operation, dual connectivity can be used to enhance HO performance by using simultaneous transmission/reception with both source cell and target cell based on option 1 (DC like architecture with intra-frequency NR MCG and SCG) and option 2 (The UE maintains a short term dual protocol stacks ).

Proposal 2: RAN2 to discuss whether bi-casting or uni-casting should be supported for multiple-beams operation for handover.  
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