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1	Introduction
It has been agreed in RAN2 #105 to study DC-based and non-DC based solutions for reducing the service interruption time to 0 ms during the handover in NR [1]. Both solutions require that the UE is simultaneously connected to source and target cells during handover.  

In this paper, we discuss some enhancements to the random access procedure at the target cell by leveraging the UE capability of simultaneously receiving downlink from source and target cells.
2	Discussion
In DC-based and non-DC-based handover solutions, the UE would perform typically a random access to the target cell using a dedicated PRACH preamble while exchanging user data with the source cell. The random access procedure may fail if the target cell does not receive the PRACH preamble (Msg1), or the UE has missed the RAR (Msg2) from target cell if its downlink quality is not good enough, i.e., the random access is triggered too early. In the latter case, the UE re-attempts the random access with increased uplink transmission power even though the earlier preamble transmission was successfully received by the target cell. This may lead to unnecessary PRACH re-transmissions and power ramp up during handover execution.
Note that scenarios where the uplink is good enough that the PRACH is successfully received, but the downlink is not good enough that the RAR is successfully received, are not too unlikely. Traditionally, the uplink is assumed to be more limiting since the UEs have less Tx power available. However, this radio quality difference between UL and DL gets smaller in smaller cells and at higher frequencies in NR. Furthermore, in many capacity limited areas, uplinks are less loaded than downlinks, and thus there is much more downlink interference than uplink interference and thereby better signal qualities in the uplink.
Observation 1: The UE may unnecessarily re-transmit the PRACH preamble using power ramp up even though the target cell has already received the PRACH preamble from the UE.
In legacy HO, the UE detaches from the source cell when starting the random access procedure to the target cell. As such, there was no way to communicate to the UE that the PRACH preamble was received by the target cell. However, in DC-based and non-DC based enhanced mobility solutions, the UE continues to exchange user data with the source cell while performing the random access. As such, the radio link of the source cell can be used in principle to notify the UE about the successful reception of the PRACH preamble by the target cell.
Observation 2: The radio link of the source cell can be used to notify the UE about the successful reception of the PRACH preamble by the target cell in dual-connected handover.
Using this notification, the UE can re-transmit the PRACH preamble to the target cell without power ramp up which decreases the UL interference. 
Observation 3: Using the notification from the source cell that the PRACH preamble has been received by the target cell, the UE can stop power ramping when re-transmitting the PRACH preamble.
Alternatively, the UE can stop re-transmitting the PRACH preamble and wait to receive the RAR from the target cell. In this case, the UE can save the unnecessary PRACH re-transmissions and wait immediately for RAR reception which in turn reduces the interference induced by PRACH transmissions and may accelerate the random-access procedure, i.e., the UE does not need to wait for the next RACH occasion to re-transmit PRACH preamble. This enhancement is illustrated in Fig. 1.
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Figure 1: UE stops re-transmitting the PRACH preamble upon receiving from the source cell a notification that the preamble was received by the target cell.
Observation 4: Using the notification from the source cell that the PRACH preamble has been received by the target cell, the UE can stop re-transmitting the PRACH preamble and waits to receive RAR from the target cell.
Alternatively, the whole RAR can be forwarded from the target cell to the source cell. Upon receiving the RAR (either from source or target cell), the UE proceeds with the transmission of Msg3. If the RAR was obtained from the source cell, the UE may need to successfully receive another Msg4, as response to Msg3, for considering the handover execution complete. This is to ensure that the downlink radio link quality of the target cell is sufficient for reception. This enhancement ensures that UE gets more reliably the RAR and proceeds faster to the transmission of Msg3 for completing the handover. For clarity, the procedure is illustrated in Fig. 2. Herein, the RAR forwarded by the target cell to the UE via the source cell may contain a different UL grant to account for the delay on the Xn interface.
Observation 5: In DC-based and non-DC based enhanced mobility solutions, the RAR can be transmitted to the UE via radio links of the target cell and source cell. The UE sends Msg3 upon receiving the RAR from either the source or target cell. 
Proposal 1: RAN2 is asked to consider the aforementioned enhancements to the random access procedure in DC-based and non-DC based handover.
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Figure 2: UE sends Msg3 using the RAR of the target cell received from the radio link of the source cell.

[bookmark: _Ref3366693]3	Conclusion
In this paper, we have proposed enhancements to the random access procedure in DC-based and non-DC based handover. The observations and proposals are summarized in the following:
Observation 1: The UE may unnecessarily re-transmit the PRACH preamble using power ramp up even though the target cell has already received the PRACH preamble from the UE.
Observation 2: The radio link of the source cell can be used to notify the UE about the successful reception of the PRACH preamble by the target cell in dual-connected handover.
Observation 3: Using the notification from the source cell that the PRACH preamble has been received by the target cell, the UE can stop power ramping when re-transmitting the PRACH preamble.
Observation 4: Using the notification from the source cell that the PRACH preamble has been received by the target cell, the UE can stop re-transmitting the PRACH preamble and waits to receive RAR from the target cell.
Observation 5: In DC-based and non-DC based enhanced mobility solutions, the RAR can be transmitted to the UE via radio links of the target cell and source cell. The UE sends Msg3 upon receiving the RAR from either the source or target cell. 
[bookmark: _GoBack]Proposal 1: RAN2 is asked to consider the aforementioned enhancements to the random access procedure in DC-based and non-DC based handover.
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