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1. Introduction
At RAN#78, RAN2 was tasked to investigate how the IMT-2020 requirement on 0ms handover interruption time can be addressed for LTE and NR within the Rel-15 time frame. 
In this contribution we discuss whether a mobility enhancement similar to the one discussed for LTE, i.e. MBB and RACH-less HO, should be supported for NR within the Rel-15 time frame.
2. Discussion
MBB and RACH-less handover were introduced in R14 to reduce the mobility interruption in LTE. According the evaluation in RAN4 [1], in LTE R14, with the combination of MBB and RACH-less, the interruption time can be reduced as low as (5 + TUL_grant) ms. As discussed in LTE, the combination of MBB and RACH-less HO can only be applied for the intra-frequency scenario where the target cell has the same TA as the source cell or the TA of the target cell is zero. For example, it could be restricted to small cells/intra-site scenarios. 
Per the scenarios specified in 38.913 [2], indoor hotspot is an important scenario in NR. The indoor hotspot scenario focuses on small coverage per site/TRPx. So in this case, the MBB and RACH-less HO solution is beneficial both for the case of SN change in EN-DC and for the case of standalone intra-NR mobility. The interruption time in these cases should be at least no worse than in Rel-14 LTE. 
Observation 1: MBB and RACH-less handover are beneficial both for the case of SN change in EN-DC and for the case of standalone intra-NR mobility.
Proposal 1: The interruption time in case of SN change and intra-NR mobility should be no worse than in Rel-14 LTE.
The MBB solution reduces the mobility interruption time by keeping the source connection after the reception of the handover/SN change command and before the first transmission/reception on the target cell. For intra-frequency mobility, the MBB solution can be adopted without the introduction of an extra RX chain. While if the UE has two independent RXs, the MBB solution can also be applied to the inter-frequency scenario. From this point of view, the MBB solution can be easily reused in NR for free. So MBB should be supported in R15.
In LTE, to realize the MBB solution, the source cell makes the make-before-break decision, forwards the MBB indication to the target cell and then the target cell includes the MBB indication in the handover command. During the email discussion for the baseline handover procedure [3], some companies expressed the concern that if the target cell doesn’t support the MBB, then no MBB indication will be included by the target cell in the handover command. So the question was raised on whether, in NR, the MBB indication should be included in the handover command by the source cell instead of the target cell. In fact the issue exists also in LTE. In our understanding, if MBB is supported from R15 and if the network wants to ensure a mobility interruption as small as possible, the target cell should of course support the MBB feature. Or else, if the target cell doesn’t support the MBB feature, the lower mobility interruption can’t be ensured when the UE moves out from the target cell. For instance, if UE moves from gNB A to gNB B and then to gNB C, where gNB A and gNB C support MBB feature while gNB B doesn’t,  the lower handover interruption can’t be ensured even though gNB A and gNB C support MBB. So from this point of view, as in LTE, the handover command should be entirely generated by the target cell gNB. There’s no need to introduce any exceptions for the support of the MBB feature.
Proposal 2: Support MBB in NR Rel-15.
Proposal 3: As in LTE, the MBB indication should be transferred from the source cell to the target cell and included in the handover command by the target cell.
The RACH-less solution can only be applied for scenarios where the target cell has the same TA as the source cell or the TA of the target cell is zero. Instead of operating only on lower frequencies, frequencies up to 52.6 GHz will be supported in NR. It’s obvious that the RACH-less solution can be applied at least for the same scenario as in LTE on low frequencies. The question is whether the RACH-less solution can also be applied when operating on higher frequencies (e.g. above 6GHz).
In NR, the PRACH resources are configured associated with beams, e.g. SS blocks or CSI-RS resources. Based on the beam associated PRACH resources, the UE achieves not only the TA acquisition but also the beam training via the random access procedure. In other words, for the applicability of the RACH-less solution to NR small cells/intra-site scenarios, how to achieve the beam training during the RACH-less procedure should be discussed. 
[bookmark: OLE_LINK3]In LTE, if RACH-less HO is configured, the UE accesses the target cell via the uplink grant preallocated (preallocated UL-grant) to the UE in the RRC message. Or, if the UE does not receive the preallocated UL-grant in the RRC message from the source cell, the UE monitors the PDCCH of the target cell. The same principle should be reused in NR. 
In NR, the UE can include beam measurement information in the measurement report per network request. With the beam measurement information forwarded from the source cell, the target cell can configure CFRA PRACH resources associated with beams, e.g. either CFRA PRACH resource associated with SS blocks or CFRA PRACH resources associated with CSI-RS resources. The same methodology can be adopted for the configuration of the preallocated UL-grant. That is, the target cell can configure a preallocated UL-grant associated with SS blocks or CSI-RS resources to the UE. With the reception of these beam associated preallocated UL-grant, the UE selects a qualified beam among the provided beams and accesses the target cell. In this way, beam training is achieved during the RACH-less procedure. On the other hand, with the beam measurement information forwarded from the source cell, the target cell can configure SRS resources that are spatially QCLed with these beams to the UE. Then the target cell measures the SRS and schedules the UE according to the measurement results and the spatial relationship between the SRS and the corresponding spatially QCLed DL beams. Correspondingly in the UE, with the configuration of these SRS resources and the corresponding spatially related beams, e.g. either SS blocks or CSI-RS resources, the UE monitors PDCCH on these spatially QCLed DL beams. So in this way, beam training is also achieved during the RACH-less procedure. It should be noted that the configuration of SRS and the related spatially QCLed beams is supported in NR now.
Given the analysis above, we can see that the RACH-less handover can be supported in NR both for low frequencies and high frequencies with some minor updates taking the beamforming property into consideration.
Observation 2: The RACH-less handover can be supported in NR both for low frequencies and high frequencies with some minor updates taking the beamforming property into consideration.
Proposal 4: Support RACH-less in Rel-15.
3. Conclusion and proposals
In this contribution, we discussed whether the mobility enhancement achieved in LTE should be supported in R15 with the following observations and proposals:
Observations:
Observation 1: MBB and RACH-less handover are beneficial both for the case of SN change in EN-DC and for the case of standalone intra-NR mobility.
Observation 2: The RACH-less handover can be supported in NR both for low frequencies and high frequencies with some minor updates taking the beamforming property into consideration.
Proposals:
Proposal 1: The interruption time in case of SN change and intra-NR mobility should be no worse than in Rel-14 LTE.
Proposal 2: Support MBB in NR Rel-15.
Proposal 3: As in LTE, the MBB indication should be transferred from the source cell to the target cell and included in the handover command by the target cell.
Proposal 4: Support RACH-less in Rel-15.
4. References
[1] [bookmark: _Ref1701]TS 36.133
[2] [bookmark: _Ref6975]TS 38.913 
[3] [bookmark: _Ref494356057]R2-1709845Summary of [NR-AH2#11][NR] Baseline handover procedure (Ericsson) RAN2#90



