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Introduction
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]Although in last RAN2#105bis, a discussion on RACH-less Handover took place, there is no any conclusion yet. During the online discussion, it seems majority’s view is that the RACH-less handover can bring benefit, and at least RACH-less HO mechanism specified in LTE can be introduced in NR. In this contribution, we would like to provide some considerations on the HO enhancement with RACH-less scheme in NR system, from the perspective of which use cases will benefit from a RACH-less Handover and how to figure out a sound RACH-less HO mechanism with more wide application scenarios.
Discussion
Use cases will benefit from a RACH-less Handover
The motivation of RACH-less HO solution introduced in LTE Rel-14 is to reduce latency via allowing UE to omit RACH procedure during Handover procedure. And RACH-less HO solution is beneficial for reducing latency in some use cases, e.g. the UE with single RF chain and some intra-frequency inter-gNB mobility scenarios, where the UE cannot support and target the 0ms interruption simultaneously reception/transmission from both source RAN and target RAN. Even when the UE can support simultaneously reception/transmission from both source RAN and target RAN , the enhanced RACH procedure can reduce the interim period to avoid the interruption due to the unavailable radio link of source RAN caused by RLF, especially for the use case that radio condition of source cell was rapidly deteriorating.
Observation 1: RACH-less scheme is beneficial for reducing latency, in the following use cases:
· the UE with single RF chain and some intra-frequency inter-gNB mobility scenarios, where the UE cannot support;
· the UE supporting simultaneously reception/transmission from both source RAN and target RAN, especially for the use case that radio condition of source cell was rapidly deteriorating 
Sound RACH-less HO mechanism with more wide application scenarios
However, several issues still need to be addressed. As we know, the main purposes of RACH procedure is to obtain target cell TA for uplink synchronization and UL grant from target cell. Regarding TA, RAN4 has evaluated that the scheme of UE calculating the TA value without explicit TA value from eNB cannot met the accuracy of TA for initial uplink transmission in either synchronous or asynchronous network, therefore LTE has agreed that the RACH-less solution is only applicable when the TA value of the source cell can be reused for the target cell or TA=0 in the target cell. Hence, existing RACH-less HO in LTE can only work if strict synchronization conditions are met, which are used only when the TA value of the source cell is reused for the targeted cell, or TA=0. It is intended for very limited scenarios such as HO across co-located carriers or across small cells with very small coverage. Therefore, for most scenarios of the HOs across different geographical cells, the condition for LTE RACH-less HO cannot be met. Whereas, current RACH-less HO may lead to that TA (Timing Advance) is not up to date. Therefore, necessary enhancement of the RACH-less HO needs to be studied if the approach is adopted.
Observation 2: Regarding TA, RAN4 has evaluated that the scheme of UE calculating the TA value without explicit TA value from eNB cannot met the accuracy of TA for initial uplink transmission in either synchronous or asynchronous network, therefore agreed RACH-less solution is only applicable in limited scenarios.
Hence, to enhance the RACH-less solution for the application of more scenarios, the UE need to obtain the TA value by some means. For example, the source gNB maintain a mapping relationship between the RSRP of target gNB reported and the TA value of target gNB according to history reporting result from previous handover UEs and estimate the TA value of the target gNB by means of RSRP measurement, which can be conveyed in the handover command to the UE. 
Proposal 1: The target gNB TA value can be estimated by RSRP measurement result combined with the source gNB TA in RACH-less HO solution.
Another key role of the RACH procedure is to allocate UL grant for the UE. While in RACH-less HO, the UL grant could be pre-configured in HO command as shown in Figure1 step 6. And the grant need to be kept valid for a period time until the UE accomplishes synchronization with the target gNB. Optionally, the UL grant could also be dynamically scheduled by the PDCCH of the target gNB instead of a RACH RAR. Further, the total HO delay will be effectively reduced without random access procedure which is the main part affecting the whole latency performance.


Figure1 Sound RACH-less mechanism combined with Mobility Enhancement 
Proposal 2: For RACH-less HO, the UL grant could be pre-configured in HO command or dynamically scheduled by the PDCCH of the target gNB instead of an RAR message.
Conclusion
Based on the discussion mentioned above, in this contribution we have the following observations and proposals:
Observation 1: RACH-less scheme is beneficial for reducing latency, in the following use cases:
· the UE with single RF chain and some intra-frequency inter-gNB mobility scenarios;
· the UE supporting simultaneously reception/transmission from both source RAN and target RAN, especially for the use case that radio condition of source cell was rapidly deteriorating
Observation 2: Regarding TA, RAN4 has evaluated that the scheme of UE calculating the TA value without explicit TA value from eNB cannot met the accuracy of TA for initial uplink transmission in either synchronous or asynchronous network, therefore agreed RACH-less solution is only applicable in limited scenarios.
Proposal 1: The target gNB TA value can be estimated by RSRP measurement result combined with the source gNB TA in RACH-less HO solution.
Proposal 2: For RACH-less HO, the UL grant could be pre-configured in HO command or dynamically scheduled by the PDCCH of the target gNB instead of an RAR message.
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