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Discussion and Decision
1      Introduction 
In NR, at least in high frequency, beamforming is expected to compensate the high propagation loss. However, one of the drawback of beamforming is that the coverage area is reduced and hence create more challenge in handover in NR. At the same time, NR has higher requirement in handover in terms of interruption time. It has been discussed in the SI phase that close to 0ms interruption for single connected handover and 0ms interruption for multi-connected handover should be achieved. This contribution discuss the possibility of introducing dedicated RACH to reduce interruption time in NR during handover.
2      Discussion
In order to achieve such tight handover requirement, one needs to identify which part of the handover procedure consuming the longest interruption time. In legacy handover in Rel 13, interruption starts when the source cell sends the RRCConnectionReconfiguration (HO command) message to the UE until the UE successfully send RRCConnectionReconfigurationComplete message to the target cell. During this time, the longest procedure is random access procedure for the UE to access the target cell. Therefore, in Rel 14, make-before-break is introduced to reduce the interruption time by allowing the source cell continue to send/receive data from/to the UE during RACH procedure to the target cell and RACH-less procedure is also introduced to bypass the RACH procedure. However, RACH-less can only be used in intra-eNB case or small cell. Make-before-break indeed can help to reduce the interruption time, however, for single connected handover, the UE needs to stop data with source before re-tuning and then perform RACH to target which again has very long interruption time. Especially in NR, beam sweep may be needed during RACH procedure, the entire RACH may contain wait time for RACH occasion and beam sweep for RACH. 
To speed up handover, non-contention random access procedure is used in LTE where dedicated preamble is assigned during the handover command. In NR, RAN 2 have agreed to support non-contention random access procedure. Even with dedicated preambles, pre-allocated RACH occasions leads to delay and shortage of RACH resources. Therefore, additional dedicated RACH occasion would be helpful to reduce the interruption time during handover.
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Figure 1: Regular RACH occasion and dedicated RACH occasion

Figure 1 shows the regular RACH occasion and dedicated RACH occasion. This addition RACH resource dedicated for handover allows the network to allocate RACH resources in addition to the regular RACH occasion to minimize the interruption time. For example, if the UE receives the HO command right after the regular RACH occasion, it has to wait for the next occasion which may be very long due to NR beam sweeping (the duration of the RACH occasion is expected to be long due to the repetition for each beam, therefore, the periodicity may be longer in compare to LTE). Target can accurately estimate when the UE will perform the handover and configure additional dedicated RACH occasion if resource allows. This will not only benefit the UE to reduce interruption time during handover, but also benefit the network to have the flexibility to distribute the resource so the dedicated preamble can be released at an earlier time if the handover is completed sooner.

Proposal 1: additional RACH resource (time and frequency) dedicated to handover can be configured by the network to the UE

The additional dedicated RACH configuration can be configured via RRCConnectionReconfiguration message with MobilityControlInfo. The UE then can perform RACH using the additional RACH resource and/or the regular RACH resources. 
Proposal 2: the UE may use additional RACH resource and/or the regular RACH resource to access target cell after receiving HO command
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Figure 2: Subset of network beams indication
For the random access procedure for initial access to the cell with multi-beams configured, for which the gNB has little knowledge about the UEs, gNB needs to sweep all beam directions to cover the entire cell. This implies that the regular RACH duration may be significantly longer than LTE. One way to optimize the random access for handover case is that the target gNB may request the UE to report the best beams identifier in the measurement report. The target gNB can then allocate the RACH resource using only a subset of gNB beam(s) for the dedicated RACH resource to reduce the number of additional dedicated RACH resource allocated to the UE. Figure 2 shows the subset of network beams highlighted in orange indicates the best beams from the measurement report within the regular RACH occasion. The network can allocate preamble to the UE with the corresponding subset of beams within the regular RACH occasion in the HO command reduce the number of preamble resource needs. 
Proposal 3: Dedicated RACH configuration may include subset of beams associated with the preamble, time/ frequency resource of the dedicated RACH resource
UE behavior when accessing target cell during handover
If subset of beams associated with RACH configuration is provided to the UE along with regular RACH occasion (and optionally additional dedicated RACH), what is the UE behavior and how the UE should access the target cell? When the UE accesses the subset of beams using RACH, it may fails because there is no reciprocity or due to UE rotation. Therefore, it is important that the UE can access other RACH resources when fails to use the subset of beams indicated by the network. There are 2 options below:

· Up to UE implementation: in general, the UE can allow to have the flexibility to access any RACH resources whichever comes first to access the target cell during handover. This approach may result the lowest interruption time

· Fixed sequences: UE first accesses the target cell using the subset of beams with dedicated preamble given by the target cell. If it fails, it accesses the additional dedicated RACH or the regular RACH whichever comes first  

It is difficult to know which resources may come to the UE first, therefore it seems like it is better to allow the UE to have the flexibility to access the RACH resources by UE implementation. The network can limit the dedicated RACH resources by indicating how long the resources will be reserved. Therefore, it is proposed:  

Proposal 4: RAN2 to further study either up to the UE implementation to access the regular RACH and additional dedicated RACH resources or define a fixed sequences in the specification
Conclusion
Proposal 1: additional RACH resource (time and frequency) dedicated to handover can be configured by the network to the UE

Proposal 2: the UE may use additional RACH resource and/or the regular RACH resource to access target cell after receiving HO command
Proposal 3: Dedicated RACH configuration may include subset of beams associated with the preamble, time/ frequency resource of the dedicated RACH resource

Proposal 4: RAN2 to further study either up to the UE implementation to access the regular RACH and additional dedicated RACH resources or define a fixed sequences in the specification
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