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1. Introduction
At RAN2 NR#99, the basic handover procedure has been discussed. However, there remained some open issues as shown below [1]:
Agreements with FFS points:
1)   Available beam measurement information can be part of the RRM configuration of the HandoverPreparationInformation message if beam measurement information (i.e. beam indexes and optionally measurement results) have been configured by the source gNodeB to be reported by a UE. That information is not a mandatory part of the HandoverPreparationInformation message.                                                         FFS: For which cell(s) beam measurement information can be included e.g. only candidate target cell.

2) RAN2 understanding is that the network can have dedicated RACH configurations associated to the SS Block(s) and/or have dedicated RACH configurations associated to CSI-RS(s) within a cell.                                        FFS: The target gNB can optionally include the common RACH configuration in the mobilityControlInfo. If not included the UE continues to use the common RACH configuration of the source cell.

3) As in LTE The target gNB is able to include one of the following RACH configurations in the mobilityControlInfo to enable the UE to access the target cell: i/ Common RACH configuration, ii/ Common RACH configuration + Dedicated RACH configuration associated with SS-Block or iii/ Common RACH configuration + Dedicated RACH configuration associated with CSI-RS. (List of options to be revised if common RACH is concluded to be optional based on above FFS.)                                                      (Simultaneously including in the mobilityControlInfo a dedicated RACH configuration associated with SS-Block and a dedicated RACH configuration associated with CSI-RS is not supported.)                                                FFS: Whether there will be a fallback procedure using common RACH when dedicated RACH fails.
This paper discusses the abovementioned FFS points and proposes way forwards 3).
2. Discussion
Issue 1: For which cell the beam measurement information should be included

In current LTE system, the target cell ECGI is indicated by the Source eNB via X2. The target eNB will then include, in the Handover Command, the associated RACH resources (common and/or dedicated) of the indicated target cell. Similarly as in LTE, in NR the main reason why beam measurements information is needed is to address the handover in beamforming environment, i.e., to indicate the associated RACH resources of the concerning beam in the target cell of the gNB. Since RACH resources is associated to the SSB and/or CSI-RS beam, the target gNB needs to understand the measurement results of the beams so that it can include the relevant the RACH resources of the beam of the target cell in the Handover Command. Therefore, if the most basic handover scenario (i.e., the target gNB accept the UE to the target cell as indicated by the source gNB) is the only scenario that needs to be considered, the Handover Preparation message includes only the beam measurement information of the candidate target cell.

Observation 1: 
If the basic handover scenario (i.e., the target gNB accept the UE to the target cell as indicated by the source gNB) is the only scenario that needs to be considered, the Handover Preparation message includes only the beam measurement information of the candidate target cell.

However, if the handover procedure in NR is enhanced to also cover the load balancing purpose, the handover mechanism should allow the target gNB to assign different target cell from the ones indicated via Xn. Furthermore, the handover preparation needs to also include the beam information of neighbour cells (other than the candidate target cell). The neighbour cell that can be used as a target to offload a UE would be those neighbours that are of the similar radio measurement quality as the initial candidate target cell indicated by the Source gNB, i.e., the inter frequency cells that are overlaid with the initial candidate target cell. In the last RAN2#99 meeting, it was agreed that to support  carrier aggregation case, the source gNB can include the best cells of each frequency for which measurement information is available in Handover Preparation message. Since, typically these cells are the SCell candidates which are overlaid (within the area) of the target PCell, these cells can also be a good candidate for target offloading cell. Therefore, in addition to the cell measurements of the best cells in each frequency, the beam index and beam information associated with these cells can also be included as part of Handover Preparation. As shown in figure 1, the benefit to allow this mechanism is that the gNB can order UE to handover to cell#4or cell#7 of different frequency overlaid with the cell#1 to offload cell#1 to other cells. Since the specification work to cover inter frequency load balancing is considered not too big, we propose that the beam measurement information of the best cells in each frequency should also be included. 
Observation 2:
To cover load balancing handover operation, the handover preparation needs to also include the beam information of the best cells in each frequency.
Proposal 1:
In order to address the load balancing handover operation, the beam measurement information of the best cells of each different frequency should also be included as part of Handover Preparation.
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Figure1

Issue 2: Whether the target gNB can optionally include the common RACH configuration in the mobilityControlInfo
For the issue 2, in current LTE system, RACH-ConfigCommon is configured in the mobilityControlInfo as an optional IE. The target eNB can set a new RACH-ConfigCommon and perform delta configuration over the old one. Since the configuration condition is Need ON, if the IE RACH-configCommon is not included, the UE will continuously use the old RACH-ConfigCommon previously configured (i.e., obtained from the source eNB).  In NR, if the IE RACH-ConfigCommon is set as mandatory in mobilityControl info, it will bring some disadvantages such as the increase of the size of Handover command and unnecessary processing to overwrite common RACH resource on the UE side. Therefore, we consider that the IE RACH-ConfigCommon in mobilityControlInfo should be set as Optional IE, as in LTE, instead of mandatory IE.  

Proposal 2:  The target gNB can optionally include the common RACH configuration in the mobilityControlInfo. If not included the UE continues to use the common RACH configuration of the source cell.
Issue 3: The necessity of fallback procedure to common RACH when dedicated RACH fails

For the issue 3, there is already a high level principle that dedicated RACH resources, if provided, are prioritized over common RACH resources. Also, the UE is not forbidden from attempting to access using common RACH resources before declaring HO failure based on T304 expiry [1]. In current LTE system, if the dedicated RACH resource is allocated for a UE, the UE will continuously use the dedicated RACH resources to access the target cell until the T304 expired. If the dedicated RACH failed, there is no fallback option for UE to access the target cell using common RACH. 
In NR, the dedicated RACH can be either associated with CSI-RS or SS Block. The fallback procedure for the two cases of dedicated RACH are considered below:．

Case 1: In the case that dedicated RACH is associated with CSI-RS, because the beamwidth of CSI-RS is narrow, it’s vulnerable from the shadowing effect of the neighbor obstacles standing in between gNB and UE. So when CIS-RS is blocked off, it’s reasonable to consider using common RACH resource associated with SS-block to attempt the access again. 
Case 2: In the case that dedicated RACH is associated with SS-block, if the access failed by using dedicated RACH associated with SS-block, it is questionable to fall back to common RACH associated with the same beam of SS-block. Theoretically the dedicated RACH should be able to access the target cell more quickly and efficiently without contention with other users, even if RACH resource is switched from dedicated to common RACH resource, it will not increase the success rate of RACH access.

Observation 3: In the case that dedicated RACH is associated with SS-block, it is questionable if it is necessary to fall back to common RACH resource associated with SS-block when the dedicated RACH failed. 

Proposal 3: 
RAN2 to reconfirm whether it is beneficial to fallback to common RACH associated with SS-block when the dedicated RACH associated with SS-block fails.
Another concern for the issue is that if the dedicated RACH associated with CSI-RS/SS-block failed, whether it is possible to fall back to common RACH before declaring failure based on T304 expiry. In LTE, the T304 (CE excluded) can be set as …. (100ms, 200ms, 500ms, 1000ms, 2000ms, 4000ms, 8000ms). It will take some time for the UE to attempt access using different dedicated RACH resources switching among different CSI-RS beams. As shown in Figure2, this trial period using dedicated RACH is also dependent on how many suitable CSI-RS beams will be used for attempting the access. If the dedicated RACH failed, the UE will then need to perform downlink measurement for detecting suitable SS-block before it can perform another access attempt using RACH resources of those SS-blocks. As a reference in LTE it takes about 800ms for the identification and measurement of the S/P-SS. In NR, this value is foreseen to be shorter, but it depends on the parameter of SS-Block (periodicity, etc.). So the length of this preparation period for accessing the target cell by common RACH may become a bottleneck, and it will determine if the fallback can be done within T304.
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Figure 2

Observation4: If the dedicated RACH associated with CSI-RS/SS-block failed, the effectiveness of falling back to common RACH associated with SS-block is highly dependent on the performance of DL measurement time of suitable SS-block. 

Proposal 4:  To ensure that the RACH fallback mechanism can be performed within the T304 period, the T304 values should take into account the time necessary for reading SS-Block. 

3. Summary and proposal
This paper attempted to answer to some of the open issues on basic handover procedure. We deduced the answers based on the current LTE system configuration and see if there is any room for improvement of the configuration when the system is associated with beamforming techniques in NR. Consequently, the followings are observed and proposed:
Observation 1:
If the basic handover scenario (i.e., the target gNB accept the UE to the target cell as indicated by the source gNB) is the only scenario that needs to be considered, the Handover Preparation message includes only the beam measurement information of the candidate target cell.
Observation 2:
To cover load balancing handover operation, the handover preparation needs to also include the beam information of the best cells in each frequency. 
Observation 3:
In the case that dedicated RACH is associated with SS-block, it is questionable if it is necessary to fall back to common RACH resource associated with SS-block when the dedicated RACH failed. 
Observation 4:
If the dedicated RACH associated with CSI-RS/SS-block failed, the effectiveness of falling back to common RACH associated with SS-block is highly dependent on the performance of DL measurement time of suitable SS-block. 
Proposal 1:
In order to address the load balancing handover operation, the beam measurement information of the best cells of each different frequency should also be included as part of Handover Preparation.   
Proposal 2:
The target gNB can optionally include the common RACH configuration in the mobilityControlInfo. If not included the UE continues to use the common RACH configuration of the source cell.
Proposal 3:
RAN2 to reconfirm whether it is beneficial to fallback to common RACH associated with SS-block when the dedicated RACH associated with SS-block fails.
Proposal 4:
To ensure that the RACH fallback mechanism can be performed within the T304 period, the T304 values should take into account the time necessary for reading SS-Block.     
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