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1. Introduction
In RAN2 it has been agreed that the handover command should contain sufficient information so a UE can access a target cell, as follows:
Agreements
1	Access information (e.g. RACH configuration) for the target cell is provided in the HO command to enable the UE to access the cell without reading system information. Access information may include beam specific information (if any).

That means that the handover command should provide the UE with a cell identifier and RACH configuration. As proposed in a companion paper to RAN2 [1], the handover command should contain the RACH information associated to at least one of the SS Blocks the UE should select at the target cell. In other words, the UE should select the best beam (associated to a given SS block) and use that as its reference for PRACH and the configured mapping. 
To reduce the overhead caused by beamformed always-on signals, the SS Block signals are envisioned to be transmitted in wide DL beams. So even if a cell has the possibility to transmit 128 beams, the SS Block Burst Set may be transmitted e.g. in 16 DL beams. Hence, after accessing the target, narrow beam selection (or beam refinement) should occur i.e. the UE will be configured with CSI-RS processes and establish a beam link pair so that the network can transmit PDSCH with high gain beamforming to achieve high data rates. If the UE had previously a narrow beam in the source cell and performs a handover, it could take some delay until the UE establishes a narrow beam, which might affect performance at least for some services. 
This contribution discusses that problem and potential solutions.
[bookmark: _Ref473884423]Discussion
[bookmark: _Toc473923768][bookmark: _Toc476129198][bookmark: _Toc476129651][bookmark: _Toc473881431][bookmark: _Toc473891703]Baseline solution based on SS Block
As discussed in the RAN2 contribution [1], the HO command should include at least the target cell identifier and access information (e.g. RACH configuration) of the target cell per accessible SS Block, so that UE can access target cell without the need to system information.
[image: ]
Figure 1 SS Block burst set in NR.
In RAN1, it has been agreed that a cell is identified and accessed via the so called SS Block comprised at least by NR-PSS, NR-SSS and PBCH. Each SS Block will also include timing information so that the UE can acquire frame timing. the multi-beam case, the network may map each SS Block to a different DL beam. 
[bookmark: _Toc478164338]An SS Block is comprised at least of NR-PSS, NR-SSS, PBCH and some information enabling the UE to distinguish SS Blocks from the same cell.
[bookmark: _Toc478164339]An SS Block contains some information that enables the UE to distinguish SS Blocks within the same cell and from different cells. 
It has also been discussed in [1] that in RAN1#88, it has been agreed that the gNB can configure an association between DL signal/channel, and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam. The UE should then be able to select the subset of RACH resources and/or the subset of RACH preamble indices based on the DL measurement and the corresponding association.
[bookmark: _Toc478164340]Based on DL measurements on SS Block for a given cell the UE can select a subset of RACH resources and preamble indices.

In multi-beam scenarios, at least some of these signals and physical channels (e.g. SS Block) would be transmitted in multiple beams, which could be done in different manners depending on network implementation, as shown in Figure 1.
[image: cid:image001.png@01D282EB.49187230]
Figure 2 Examples of different configurations of an SS Burst Set. Top: Time-repetition within one SS Burst in a wide beam. Middle: Beam-sweeping of a small number of beams using only one SS Burst in the SS Burst Set. Bottom: Beam-sweeping of a larger number of beams using more than one SS Burst in the SS Burst Set to form a complete sweep.
In the case SS blocks are transmitted as shown in the upper part of Figure 1, where a single beam transmits the SS Block burst Set, the handover command contains a single RACH configuration for the target cell. Once the UE receives the handover command it can access the target and a random access procedure will be triggered by the UE sending a random access preamble. The target cell will transmit the random access response (RAR), and the UE responds with a message confirming that the handover was successfully completed. After the handover, the target cell may trigger a beam management operation of beam refinement, enabling the UE to use a narrower beam for PDCCH/PDSCH in the target cell. That may require an additional RRC configuration, additional measurement and reporting mechanisms or additional delay to perform measurements in the target cell e.g. based on CSI-RS processes configured for beam management. In other words, after the handover, it may take some time until the UE again can access a narrow beam in the target cell so it can take some time until the target cell can start to beamform PDSCH with high gain.
In the case SS blocks are transmitted as shown in the lower part of Figure 1, where multiple narrow beams are used to transmit the SS Burst Set, the handover command may contain multiple RACH configurations for the target cell, possibly associated with the SS Block beams or groups of SS Block beams from target cell. Once the UE receives the handover command it will select a beam in the target cell, check how it maps to the received RACH configuration per beam and initiate a random access procedure by sending a random access preamble associated with a target cell beam or a group of beams. A possible mapping is shown in the figure below. Even without directional reciprocity, the implementation enables the target cell to transmit the RAR in the strongest DL beam covering the UE thanks to the mapping between RACH configuration (including the preamble) and the target cell DL beam. That allows the UE to quickly access a narrow beam in the target right after handover execution.
Despite its benefits, such a solution produces high overhead and access latency, especially considering that
· Most of the time that the sweeping of narrow beams of the SS Burst is being used, handovers are not even occurring; Hence, using the solution to enable a quick access to narrow beams in a target cell may be too costly without clear benefits in some cases.
· In many cases, handovers would not really require an incoming UE to rely on a narrow gain beam in the target. In some cases, when the UE uses a low data rate service or is not even continuously transmitting data, a wide beam access in the target could be sufficient. Hence, the overhead would not be needed in some handovers.
Note: The middle case in Figure 1 (where beam sweeping is considered but wide beams are used to reduce the overhead) is an attempt to find a compromise between overhead and quick access to a beam. However, the solution does also not consider the previously described facts 1) and 2) since it is a static configuration. In other words, although the solution tries to enable the UE to access a DL beam at the target after handover execution, in some cases where the UE requires a refined DL beam, additional steps will anyway be needed in the target for beam refinement.
[bookmark: _Toc478164341]Handover execution only using SS Block as reference will either create a high overhead or delay the access to a narrow beam.

Beam selection based on CSI-RS from target
In RAN2 and RAN1 it has been agreed that CSI-RS will be used for L3 mobility, in addition to IDLE RS i.e. one or multiple RS(s) transmitted in the SS Block Burst Set(s). Hence, an UE should be able to perform RRM measurement associated to CSI-RS transmitted from neighbor cells.
[bookmark: _Toc478164342]An RRC_CONNECTED UE can perform RRM measurements on beamformed CSI-RS associated to neighbour cells.
Hence, the UE should be able to not only measure narrow beams from a target cell but indicate the target cell which narrow beam(s) is the strongest. Since CSI-RS is envisioned to be the primary for beam management procedures, including beam refinement, the problem described in the previous section could be mitigated by enabling at least some UEs to access a narrow DL beam as fast as possible. Hence, the HO command could contain a CSI-RS configuration to be used in the target cell so the UE can immediately perform CSI-RS measurements in the target without the need to receive an additional configuration after the handover complete message.
In addition to that, to be able to transmit the RAR in the narrow DL beam and/or quickly start using that for user data, the network should be able to know what is the best narrow DL beam for a specific UE which can be done by associating RACH resources to CSI-RS beams in the target so that by detecting the preamble the network is aware of the best CSI-RS. Hence, the following is proposed:

1. [bookmark: _Toc478164335]HO command can contain CSI-RS configuration for the target cell.
1. [bookmark: _Toc478164336]HO command may contain a mapping between CSI-RS configuration(s) and RACH resources on the target.
Note: This does not preclude that CSI-RS configuration from target might be provided before the HO command e.g. if the network wants the UE to perform RRM measurements on CSI-RS from neighbour cells and report to the source cell.
[image: ]
[bookmark: _Toc450908196]Conclusion
Based on the previous section, the following observations were made:
Observation 1	An SS Block is comprised at least of NR-PSS, NR-SSS, PBCH and some information enabling the UE to distinguish SS Blocks from the same cell.
Observation 2	An SS Block contains some information that enables the UE to distinguish SS Blocks within the same cell and from different cells.
Observation 3	Based on DL measurements on SS Block for a given cell the UE can select a subset of RACH resources and preamble indices.
Observation 4	Handover execution only using SS Block as reference will either create a high overhead or delay the access to a narrow beam.
Observation 5	An RRC_CONNECTED UE can perform RRM measurements on beamformed CSI-RS associated to neighbour cells.

Based on these observations, the following is being proposed:
Proposal 1	HO command can contain CSI-RS configuration for the target cell.
Proposal 2	HO command may contain a mapping between CSI-RS configuration(s) and RACH resources on the target.
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